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Abstract 

Agriculture is one of the sectors most affected by climate change in Bangladesh. 

Crop production, especially staple crops, such as paddy, wheat, maize, and grains are the 

most vulnerable due to variations in temperature and precipitation changes. Among other 

consequences of climate change, sea level rise is one of the most severe threats to 

Bangladesh. Ongoing coastal flooding and its related salinity intrusion have already 

affected large portions of the irrigable lands in coastal regions of Bangladesh, resulting 

in a year-to-year variability in major crop yield productivity in coastal regions. This study 

was motivated by the Bangladeshi agricultural system’s susceptibility to climate change, 

and partly by a lack of regional, economy-wide studies about the impacts of climate 

change on the Bangladesh economy. The overall aim of this thesis is to assess the impacts 

of climate change and sea level rise, especially at regional levels, and to explore an 

emergent adaptation strategy for coastal Bangladeshi farmers. In this study, the impacts 

of climate change at the regional level were investigated through three different scenarios 

using increasing temperature and increasing salinity intrusion. The impacts of 

temperature and precipitation changes on regional gross domestic product (GDP), 

employment, overall sectoral output, and growth disparities across regions were 

investigated in the first scenario; the impacts of salinity intrusion on Bangladesh regions, 

particularly highlighting coastal and non-coastal Bangladeshi regional GDP, household 

consumption, employment, regional sectoral outputs, and regional exports and imports 

were examined in the second scenario; while the determinants behind diversifying 

farming to non-farming occupations in order to adapt to ongoing salinity intrusion and 

agricultural loss and to improve the livelihood conditions were investigated in the third 

scenario.  

 



iii 

 

To analyse the different impacts of climate change and adaptation, both the general 

equilibrium model and econometric modelling techniques were applied in this study, 

accompanied by both secondary and primary data. Two multi-regional computable 

general equilibrium (CGE) models were developed to investigate the overall impacts of 

climate change on crop productivity loss. The first multiregional CGE model was 

developed in order to investigate the national-level temperature and precipitation changes 

related crop productivity loss. The effects of climate change on agriculture were 

investigated by conducting three simulations: (1) the highest climate change impacts, (2) 

medium climate change impacts, and (3) the lowest climate change impacts.  

Furthermore, in order to investigate region-specific, salinity-induced agricultural 

loss, a regional-level, input-output database for 64 regions, along with an inter-districts 

trade matrix was developed for the second multi-regional CGE model. A total of three 

simulations were conducted in order to capture the land inundation and salinity intrusion 

scenarios caused by rising sea levels. All three simulations were based on the crop 

productivity loss allied with the above scenarios. Additionally, a cross-sectional survey 

examining primary salinity affected farming household’s level data was undertaken and 

a set of adaptation indices were prepared for occupation diversification. Both multinomial 

logit modelling and average treatment effects were applied to investigate the determinants 

of diversification and the impacts of diversification on farming household heads’ income.    

The results suggest that, in the long run, climate change will have negative impacts 

on economic growth and on real household consumption for agriculture communities in 

Bangladesh. The results of changes in sectoral output show that agricultural industries are 

expected to contract significantly, both at the national and regional levels, due to both 

temperature and precipitation scenarios and sea level rise scenarios. Some of the 

manufacturing and service sectors based on agricultural products, such as food 
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manufacturing sectors, are expected to decrease their output in the long run due to climate 

change impacts. 

Though climate change is likely to have significant long-term impacts on 

Bangladesh’s macroeconomic and industrial environment, overall, climate change is 

unlikely to expand the existing disparities across Bangladeshi regions. Coastal regions 

are expected to be significantly affected by major sectoral output loss due to salinity-

induced agricultural loss. On the other hand, the majority of the non-coastal regions are 

expected to benefit from the influx of cheaper inputs from coastal regions. Non-coastal 

regions are likely to improve the industrial output of both agriculture and manufacturing, 

such as textile and clothing in the long run, respectively. Location and the salinity levels 

act as key determinants behind the diversification of occupations by coastal farmers. The 

findings showed that coastal farmers who successfully diversified their occupations from 

farming to non-farming significantly increased their income by 20-75%.  

In conclusion, agricultural losses due to climate change are likely to negatively 

impact both the national and regional economies. However, the economic impacts of 

climate change vary in accordance with the extent of the impacts across different regions 

in the long run. Moreover, the overall results reveal that climate change is expected to 

create mixed impacts for the overall economy of Bangladesh by creating spill-over effects 

across regions through interregional connections in the long run. The results of this study 

will make a significant contribution to climate change literature and assist both national 

and regional policy makers in Bangladesh. 
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Chapter 1: Introduction 

1.1 BACKGROUND AND MOTIVATION 

Two issues raised consistently in the literature about climate change are the impacts 

of human-induced climate change and its multidimensional impacts on agricultural 

systems (Cline, 2007; Hertel, Burke, & Lobell, 2010). The first issue, human-induced 

climate change, is unavoidable, as has been evidenced by many studies 

(Intergovernmental Panel on Climate Change [IPCC], 2014b; United Nations Framework 

Convention on Climate Change [UNFCCC, 2015]). Though a number of indicators, such 

as land and water surface temperature, atmospheric water vapour, precipitation, extreme 

events, glaciers, ocean and land ice, and sea level rise due to climate change were 

identified by IPCC (2013), this research particularly focusses on temperature, 

precipitation and sea level rise changes due to climate change. Earth’s average 

temperature has already increased by approximately 0.8°C since the early 20th century. 

This temperature increase has been accompanied by a steady increase in the number and 

severity of climate-related natural disasters, such as cyclonic storms, floods, droughts, 

and heatwaves (Bandara & Cai, 2014). In the absence of active carbon mitigation, the 

global surface temperature is likely to rise a further 4.0°C to 5.0°C by the end of the 21st 

century (World Bank, 2013b). In addition to consequences for the environment, climate 

change affects important resources that human life depends upon. Importantly, the 

impacts of climate change directly affect the income distribution and poverty of the poor 

and vulnerable in society (Rao, van Ruijven, Riahi, & Bosetti, 2017). However, the 

impacts of climate change vary widely across countries, and even across regions within a 

country (Arndt, Farmer, Strzepek, & Thurlow, 2012; Carson et al., 2016; Nicholls, 
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Hoozemans, & Marchand, 1999), which creates the necessity of evaluating the impacts 

across national and sub-national levels. 

The second issue, the agricultural system of the economy, is affected by climate 

variability and climate change through declines in overall agricultural productivity, food 

supply, and ultimately, increases in the overall food prices of the economy (Bandara & 

Cai, 2014, p. 452). Among the multidimensional consequences of climate change, such 

as health, the ecosystem, societies, cultures, services, and infrastructure, this research 

particularly focuses on the impacts on the agricultural system due to climate change. The 

inclusion of food security and the overall vulnerability of the food-production system in 

the recent Paris agreement (UNFCCC, 2015) not only show the crucial adverse impacts 

of climate change on the agricultural system but also ensure the overall food supply of 

the economy.  

Sea level rise is also one of the most serious threats among other negative impacts 

of climate change due to its unprecedented nature and its far-reaching impacts (Nicholls 

et al., 1999). Over the past 18 years, the mean rate of sea level rise has reached 

3.3±0.4mm/year, approximately twice the rate of preceding decades (Cazenave & Remy, 

2011). IPCC’s (2007) fourth assessment report and subsequent research impacts have 

provided the evidence of future sea level rise by more than 1metre (m), along with 

frequent land inundation and increasing salinity intrusion by the end of this century 

(Hansen & Sato, 2012;  Pfeffer, Harper, & O'Neel, 2008; Rahmstorf, 2007). 

Consequently, increasing sea level rise with increasing soil salinity are expected to 

significantly affect the productivity of agricultural lands and corresponding agricultural 

production (Bosello & De Cian, 2014; Khanom, 2016; Maas & Grattan, 1999).  

Recent studies (e.g. Cai, Bandara, & Newth, 2016; Dasgupta, Hossain, Huq, & 

Wheeler, 2017; Dasgupta, Laplante, Meisner, Wheeler, & Yan, 2009; Payo et al., 2017) 

have posited that climate change also has great impacts on agricultural production in the 
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poor South Asian countries due to variations in temperature, irregular precipitation, and 

prolonged droughts. One to six metres of sea level rise poses a great threat to most of the 

deltaic countries in South, Southeast, and East Asian countries, such as Bangladesh, India, 

Sri Lanka, Japan, Taiwan, Myanmar, Vietnam, and others due to increasing soil and water 

salinity levels and frequent coastal flooding (Chen, McCarl, & Chang, 2012; Cline, 2008; 

Nicholls & Cazenave, 2010). A one-metre sea level rise has the potential to inundate a 

total of 55,000 km2 of irrigable lands housing 31 million people in 84 developing 

countries (Dasgupta, Laplante, Murray, & Wheeler, 2011). Overall agricultural 

productivity would thus be seriously affected, not only by the overall impacts of climate 

change, including temperature and precipitation changes but also due to rising sea levels 

(Cline, 2007). Additionally, climate change and sea level rise threaten the socio-economic 

and livelihood conditions of resource-poor people in society — people whose livelihoods 

depend mostly on natural resources to survive (Hertel et al., 2010).  

Bangladesh is one of the top fifteen climate-risk hotspots in the world (M. A. Islam, 

Mitra, Dewan, & Akhter, 2016). It is expected that Bangladesh’s annual average 

temperature is likely to increase by 1.6° to 3.1°C, with projected temperature ranges of 

0.90 to 1.90 C by 2030, 1.60 to 2.50C by 2050, and 2.90 to 4.20C by 2080 for different IPCC 

(2000) Special Report Emissions Scenarios (SRES) compared to the base year of 2000 

(Ahmed, M., & Suphachalasai, S., 2014; Ministry of Environment and Forestry [MOEF], 

2005; Yu et al., 2010). Along with temperature, the potential rate of mean sea level is also 

projected to rise by 15cm to 62cm by the end of this century (Mohal & Hossain, 2007). 

Meanwhile, the rates of sea level and salinity affected areas are likely to increase at 

different rates throughout different coastal stations in major coastal regions, namely 

Barisal, Chittagong, and Khulna (Dasgupta, Hossain, Huq, & Wheeler, 2015). Moreover, 

according to the 2010 Soil Resource Development Institute’s (SRDI) report, 



4 

approximately 26.7% of the new land area was affected during 1973 to 2009, with salinity 

levels varying from 2ds/m to up to 16ds/m respectively (SRDI, 2010). As a consequence, 

agricultural productivity has been severely affected due to salinity intrusion. This could 

also have severe negative impacts on Bangladesh’s coastal and non-coastal economies, 

as well as people’s livelihood conditions, because the coastal zone makes up to 32% of 

the total area of Bangladesh, with a population density of 743 per sq.km (Mia, A. H., & 

Islam, M. R., 2005). 

Climate change researchers emphasise that it is important to analyse the economy-

wide impacts in order to determine the direct and indirect impacts of climate change on 

the economy (Hertel et al., 2010).  As climate-induced impacts are highly variable across 

regions depending on the severity of the impacts, it is essential to analyse the detailed 

subnational economy-wide impacts of climate-induced agricultural productivity in order 

to avoid the over- and under-estimation of sub-national impacts of climate change (Arndt 

et al., 2012). Consequently, it is also important to identify the extent to which climate 

change influences the existing disparities across poor and rich regions within a developing 

country, such as Bangladesh (Akter & Basher, 2014; IPCC, 2014a). Moreover, assessing 

the macroeconomic and industry level impacts for coastal and non-coastal regions due to 

salinity-induced agricultural productivity loss is not only crucial for the coastal economy, 

but also for the non-coastal economies of the country. Because regions within a country 

are interlinked through interregional trade, ignoring interregional trade while assessing 

the climatic impacts can erroneously project the impacts on winning and losing regions 

(Pham, Simmons, & Spurr, 2010). This study, therefore, aims to model the economy-

wide impacts of different climate-induced agricultural productivity losses across poor and 

rich regions, as well as coastal and non-coastal regions in a more disaggregated manner. 

Two regional model structures based on the Bangladeshi economy are utilised in this 

study to provide a general framework that allows climate change and sea level rise 
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impacts to be estimated for national and particularly regional economies. In contrast to 

existing static CGE assessments of climate-change impacts on agriculture production 

(Hertel et al., 2010; Yu et al., 2010), this study captures possible subregional-level 

concerns by linking with other regions through interregional trade.  

Compared to mitigation, adaptation has been shown to be a vital stratagem, 

particularly for developing countries in order to combat the impacts of ongoing, location-

specific climatic vulnerability (Wilbanks, Leiby, Perlack, Ensminger, & Wright, 2007). 

Farming households in developing nations have undertaken adaptation strategies for 

many years while coping with climate severity and to achieve the required resources for 

living (Conway & Mustelin, 2014; Osbahr, Twyman, Adger, & Thomas, 2010). Selection 

of occupation has been one of the well-known processes across the world for many years, 

and for many reasons (Banerjee & Newman, 1993). However, it has also been recognised 

that a group of resource-poor farmers have selected occupation diversification as part of 

the adaptation to ongoing climate-variability and improving their daily livelihood 

(Skoufias, Bandyopadhyay, & Olivieri, 2017). In this regard, many farmers have either 

diversified their occupations from farming to other natural resource based on farm 

activities or non-natural and skill-based off-farm activities (World Bank, 2010). Their 

socio-economic household conditions might also vary depending on on-farming and off-

farming occupations. Thus, there is need to assess the importance of occupation 

diversification in saline-prone regions of Bangladesh. Moreover, it is also important to 

identify the determinants of this diversification and its success in regards to farmers’ 

livelihood by collecting primary data from coastal Bangladesh.  

1.2 RESEARCH QUESTIONS, RESEARCH AIMS, AND OBJECTIVES   

Two key research gaps have been identified in this study. First, there is a clear 

research gap in terms of assessing the economy-wide impacts of climate change in a 
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regional CGE modelling framework in Bangladesh. Existing studies (e.g., Ahmed, M., & 

Suphachalasai, S., 2014; S. Paul, 2017; Thurlow, Paul, & Yu, 2012; Yu et al., 2010) have 

not captured the broad effects of climate change on regional economies by not considering 

interregional trade among the regions. Moreover, none of the existing CGE modelling 

studies has captured the economy-wide impacts of salinity intrusion within a district level 

CGE modelling framework. Second, there is also a research gap in terms of coastal 

farmers’ adaptation strategies through their occupational diversification. While prior 

studies (e.g., Collins, 2014; Dev, 2013; Pavel, Chowdhury, & Mamun, 2014; Pouliotte, 

Smit, & Westerhoff, 2009) have focused on coastal farmers’ adaptation, the studies did 

not consider the socio-economic conditions of the adaptation strategies focusing on 

livelihood diversification, more specifically. This study aims to fill these two research 

gaps by answering the following key research question: 

What are the impacts of agricultural loss induced by climate change in Bangladesh 

and how does occupational diversification act as a successful adaptation strategy?  

In order to appropriately address this key research objective, the study also 

addresses three more specific research questions: 

1. What are the effects of climate change on regional growth disparity and income 

loss in Bangladesh? 

2. What are the effects of land inundation and salinity intrusion due to sea level 

rise on agriculture in Bangladesh? 

3. How do occupational adaptation strategies act as emergent adaptation 

strategies for coastal farmers in Bangladesh?  
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More specific objectives also emerged: 

1. To assess the economic impacts of climate-induced agriculture on national and 

regional economies. Furthermore, to identify whether this has any impact on 

growth disparities and income loss, particularly for the 10 most poverty-

stricken (the highest poor population) and 10 least-poverty stricken (lowest 

poor population) districts in Bangladesh. 

2. To assess the economic impacts of sea level rise, particularly soil salinity 

intrusion-induced crop productivity loss for both coastal and non-coastal 

regions in Bangladesh. 

3. To identify the determinants of occupation diversification and examine to what 

extent diversification assists in improving coastal farming household heads’ 

livelihood conditions. 

1.3 RATIONALE FOR SELECTING BANGLADESH AS THE STUDY 

FOCUS 

Bangladesh offers an excellent case to study the economy-wide impacts of climate 

change and its relevant adaptation strategies. The choice of Bangladesh was motivated by 

three key factors. First, Bangladesh is one of the most vulnerable countries to climate 

change due to its deltaic topographical positions, between 20° to 26°N and 88° to 92°E at 

the top of the Bay of Bengal (Hassani-Mahmooei, 2012). Bangladesh has also been 

identified as one of the fifteen most climate-exposed, urban-populated countries among 

84 developing countries (Dasgupta et al., 2011). Projections of climate-change 

parameters in Bangladesh show likely temperature increases between 0.9-1.90C by 2030, 

1.6-2.50C by 2050, and 2.9-4.20C by 2080 for different SRES (Ahmed, M., & 

Suphachalasai, S., 2014). The annual average temperature of Bangladesh is projected to 

increase by 3.1°C from 2071 to 2100 (Rajib, Rahman, & McBean, 2011). The deltaic 
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topography and the low-lying coastal zone also makes Bangladesh vulnerable to rising 

sea levels and the salinity intrusion for the country’s coastal livelihood (Karim & Mimura, 

2008). Moreover, on average, cyclone storm surge seriously affects the country’s low-

lying coasts once every three years (World Bank, 2010). Facing periodic climatic events, 

particularly coastal-area-specific events, imposes socio-economic livelihood 

vulnerability on the local inhabitants (Shameem, Momtaz, & Rauscher, 2014). Moreover, 

the extent of climate variability alters from one region to another within Bangladesh. 

Concerning climatic events, largely populated coastal districts are more vulnerable than 

other districts because of the vulnerability to both global warming and sea level rise.  

Second, Bangladesh is one of the most densely populated countries in the world, 

with 35% of the population of 159 million people living below the country’s national 

poverty line (World Bank, 2014b). The growth rate of real gross domestic product (GDP) 

increased from 5.87% in 2007-2008 to 6.06% in 2012-2013; however, approximately 

35% of the nation’s total population is still below the national poverty line (World Bank, 

2014b). Within Bangladesh, the coastal zone covers a total area of 47,201 sq. km with a 

population density of 743 per sq. km (Mia, A. H., & Islam, M. R., 2005). It has been also 

projected that the coastal population is also likely to increase by 57.9 million by the year 

2050 (Ahmad, M., 2005). Moreover, coastal districts1 are more prone to increasing the 

rates of poverty compared to other regions because these regions are not only vulnerable 

to regular climatic variabilities but also to rising sea levels.  

Third, the agricultural sector plays an important role in the Bangladesh economy, 

contributing 20% of the country’s GDP and 48% of the country’s total employment 

(Ahmed, M., & Suphachalasai, S., 2014). Approximately 67% of rural households in 

                                                 

1 A total of 19 districts were identified as coastal districts: Barguna, Bagerhat, Barisal, Bhola, Chandpur, 

Chittagong, Cox’s bazar, Feni, Gopalganj, Jessore, Jhalkati, Khulna, Lakshmipur, Narail, Noakhali, 

Patuakhali, Pirojpur, Satkhira, and Shariatpur, and are located in four divisions: Khulna, Barisal, 

Chittagong, and Dhaka. 
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Bangladesh depend on agriculture for their primary source of income and employment 

(World Bank, 2013a). However, agricultural systems have been greatly affected by 

temperature rise, precipitation changes, and salinity intrusions in recent years (Ali, 2006; 

Ruane et al., 2013). As a result, the growth rate of real GDP for this sector has declined 

from 3.20% in 2008-2009 to 2.17 % in 2012-2013 (Bangladesh Bureau of Statistics 

[BBS], 2013). In terms of cropland availability, the total area of major cropland has 

changed across different divisions for the two periods 1976-2000 and 2000-2010. 

Moreover, the majority of the divisions have experienced major cropland losses since 

1976, mainly due to extreme climate variability events the increasing rate of rural 

settlements, and urban and industrial development (Hassan, Hossain, Bari, & Islam, 

2013). Among all of the divisions, the amount of cropland loss is largest for Dhaka, 

Khulna, and Chittagong. However, the economic value of these croplands might alter 

from one region to another within Bangladesh, depending on location and productivity.  

1.4 RESEARCH METHODOLOGY  

CGE modelling and econometric techniques are employed in this study to capture 

the climate change and adaptation parts of this study while answering the three research 

questions (see Figure 1.1). When examining the link between climate change impacts on 

agriculture and its economic impacts for first two research questions, utilising regional 

CGE models was complex in nature for two key reasons. First, preparing the agricultural 

productivity losses due to climate change depend on a number of factors, as well as 

varying climatic indicators. Second, climate change impacts on agriculture can have 

different indirect economic impacts on the national and regional economies.  

To avoid the above limitations and to capture the national and regional level 

economic impacts due to climate-induced crop productivity loss, two regional CGE 

models were developed for Bangladesh. The purpose of the first top-down type regional 
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model was to examine the national and regional economic impacts due to national-level, 

climate-induced crop productivity loss for Bangladesh. Simulation experiments were also 

carried out to examine the impacts of crop productivity loss on the country’s regional 

disparities and income loss across regions. The second bottom-up type regional model 

was developed to carefully examine salinity intrusion-induced crop productivity loss and 

its economic impacts on the coastal economies of Bangladesh. In doing so, this study 

attempts to link all 64 districts of Bangladesh through interregional trade in order to 

examine the spillover impacts on the nation’s non-coastal regions. 

To answer the third adaptation-related question, 141 households, with 70 household 

heads from Khulna and 71 household heads from Patuakhali districts, were randomly 

selected and interviewed between December 2015 and January 20162. Two econometrics 

techniques — multinomial logit (MNL) and average treatment effects —were applied to 

examine the determinants behind the diversification of occupation from agriculture to 

other on-farming (nature resource related) and off-farming (non-natural resource related) 

occupations as part of the augmented inverse probability techniques. Finally, the impacts 

on the farming household head’s income were compared for both on-farming and off-

farming occupation diversification in Bangladesh.  

This thesis aims to contribute significantly towards the empirical and general 

equilibrium modelling literature of Bangladesh. The following points describe the 

multiphase contributions of this research that aim to assist Bangladeshi policymakers, as 

well as future researchers. 

                                                 

2 The expedited ethical review application for this study was approved by the Griffith University Human 

Research Ethics Committee. The application protocol number is AFE/01/15/HREC (See Appendix 1A).  
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A highly disaggregated (64 districts) multi-regional general equilibrium model for 

Bangladesh was developed for this study. This model is able to analyse sub-national level, 

district-specific economic impacts within Bangladesh. 

 This is likely the first study to analyse the economic impacts of salinity-induced 

agricultural loss because of rising sea levels within the general equilibrium framework.  

This study also aims to contribute to climate change adaptation literature by 

analysing the determinants of adaptation, particularly occupation related adaptation was 

undertaken by coastal farmers.  

 

Figure 1.1 Research approach 
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1.5 THESIS STRUCTURE 

To fulfil the study’s objectives, seven chapters follow this introduction. Chapter 2 

describes the Bangladesh economy by further focussing on climate change, sea level rise, 

and the adaptation of Bangladeshi farmers.  

Chapter 3 reviews the literature about climate change, sea level rise-induced crop 

production loss, and adaptation strategies, particularly for coastal farmers. Moreover, this 

chapter also reviews the existing literature dealing with different methodologies used in 

climate change impact studies, with a special focus on the advantages and disadvantages 

of each of the methods. Finally, the chapter discusses the rationales behind selecting the 

methodology for this study.  

Chapter 4 outlines the methodology and the database construction to answer the 

first two research questions of this study, focussing on the CGE models. Because both the 

first and second research questions of this study were solved by employing two regional, 

top-down and bottom-up CGE models, the key descriptions of the model theories and 

equations focus more on the regional CGE models. The regional database construction is 

discussed, focusing more on the development of regional database from the Bangladesh 

national database.  

Chapter 5 examines the effects of climate-induced crop loss and its impacts on 

regional disparity by employing the top-down regional CGE model for Bangladesh. 

Chapter 5 then discusses the likely income loss of the poverty-stricken and least poverty-

stricken districts of Bangladesh.  

Chapter 6 examines the effects of land inundation and salinity intrusion due to sea 

level rise and its related crop-production loss through the development of a bottom-up 

regional CGE model for Bangladesh coastal regions. The national results, along with the 
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coastal and non-coastal regional results, are discussed based on three experiments, land 

inundation (Scenario S1), salinity intrusion (Scenario S2), and both land inundation and 

salinity intrusion (Scenario S3) induced crop production loss.  

Chapter 7 examines the coastal adaptation strategies used by marginalised farming 

households of Bangladesh, focusing more on diversifying occupation from farming to 

non-farming occupation, and then discusses the determinant factors behind diversification 

and the impacts of diversification on the household head’s income.  

Chapter 8, the conclusion, includes a summary of the key findings, policy 

implications, limitations, and directions for future research. 

  



14 

Chapter 2: Climate Change, Sea Level Rise, 

and Agriculture Adaptation 

Practices in Bangladesh 

2.1 INTRODUCTION 

As discussed in Chapter 1, the link between climate change and agricultural 

productivity loss, overall economic impacts, and required adaptation strategies has been 

the most debated issue in the area of the impact of climate change over recent decades. 

This issue has become important for Bangladesh due to two key reasons. First, the 

Bangladesh economy is largely based on agriculture, with a focus on infrastructure 

development and education access, as well as health facilities. Though the country has 

made progress in reducing poverty and increasing economic growth, overall poverty 

remains one of the greatest concerns for the country. Agriculture contributes more than 

15% towards the country’s total GDP and 45% towards the nation’s total employment 

(BBS, 2017).  

Second, the ongoing negative effects of climate variability, such as drastic changes 

in temperature and precipitation and significant increases in salinity levels in agricultural 

fields adversely affect crop productivity and farm earnings. Farmers all over Bangladesh, 

particularly coastal farmers, are already undertaking different adaptation techniques 

depending on their adaptive capacity (Sen, 2003). These adaptation strategies can also 

assist farmers to improve their farm earnings, along with providing other multiple work 

opportunities. In this sense, it is important to discuss and analyse the economic impacts 

of climate change induced crop productivity loss and the overall economic impacts for 

Bangladesh. In addition, it is also important to discuss farmers’ adaptation measures to 

ensure those farmers’ earnings as part of country’s economic development are not 
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compromised due to climate change. This chapter provides a background for a detailed 

study on Bangladesh.  

The remainder of this chapter is organised as follows. Section 2.2 discusses the 

geography and the socio-economic profile of Bangladesh. Section 2.3 briefly discusses 

the agricultural pattern of Bangladesh. Section 2.4 discusses the climate change, sea level 

rise, and salinity intrusion projections for coastal regions of Bangladesh. Section 2.5 

describes the combined impacts of the climate change and salinity intrusion impacts on 

Bangladeshi agriculture. Section 2.6 presents the ongoing adaptation strategies 

undertaken by Bangladeshi coastal farmers. Finally, Section 2.7 provides the chapter 

summary.  

2.2 GEOGRAPHIC AND SOCIOECONOMIC PROFILE OF 

BANGLADESH   

Bangladesh forms the largest delta in the world and is situated between 880 10/ and 

920 four/ East longitudes and between 200 34/ and 260 38/ North latitudes (BBS, 2016b). 

The great delta is flat throughout, with the Himalayan Mountains in the north and the Bay 

of Bengal in the south. Bangladesh is geographically surrounded by India to the east, 

west, and northern borders and Myanmar to the southeast, with a 4,095 km land border 

and 193 km land and water border respectively. The Jamuna River divides the country’s 

eastern and western regions, and the eastern half of the country is considered more 

developed compared to the agriculture-rich western region of the country. As of 2016, 

Bangladesh had eight divisions: Dhaka, Rangpur, Sylhet, Rajshahi, Barisal, Khulna, 

Chittagong, and Mymensingh, which form part of the governance system (see Figure 2.1). 

Each division consists of a number of districts and each district consists of a number of 

subdistricts (known as ‘Upazilas’). There are 64 districts and 491 subdistricts. Dhaka is 
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the capital city and the business centre of the country and is the most densely populated 

city in Bangladesh (Toufique & Islam, 2014).  

The Bangladesh coasts are broadly divided into three zones, western, central, and 

eastern. The western coastal zone (which comprises nine districts, with a 25,504-km2 

land area) is most vulnerable to sea level rise compared to the central and western zones 

due to greater frequency of storm surge floods (Karim & Mimura, 2008). In total, 

Bangladesh coasts consist of 19 exposed and interior coastal districts, with 12 districts 

consisting of 48 subdistricts and seven districts consisting of 99 subdistricts. The exposed 

coastal districts are extremely vulnerable due to the potential threat of rising sea levels, 

whereas the interior coasts are comparatively less vulnerable due to less sea level rise 

exposure (Bala & Hossain, 2010). Bangladesh is also well known for the existence of a 

number of rivers, such as the Ganges, Brahmaputra, Meghna, Tista, and Jamuna, which 

provide large contributions towards the nation’s overall economy (S. A. Haque, 2006). 

For example, the Gorai River, a tributary of the Ganges, is part of a big coastal river 

network flowing through the Khulna division and plays an important role in the divisional 

economy. Similarly, within the river network, the Pussur River estuary consists of not 

only the Mongla port and Sundarban Mangrove forest, but also one of the most densely 

populated coastal districts, Khulna, located 122 km away from the river estuary (Pethick 

& Orford, 2013). Overall, the internal rivers not only play a large role in the nation’s total 

production but also provide an important transport system for the economy.  
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Figure 2.1: Bangladesh and its divisions and districts 

Source: (BBS, 2011) 

 

2.2.1 Regional Disparity and Poverty in Bangladesh 

Though Bangladesh and its regions are homogeneous in many aspects, the 

disparities across regions are prominent in many ways (Khondker & Mahzab, 2015). In 

particular, the study mentioned the disparity of the “east-west divide”, which was noted 

as prominent in the early years of this century, where the “eastern” regions, such as 

Dhaka, Chittagong, Sylhet regions were thought to be more progressive than the 

“western” regions, such as the Rajshahi, Rangpur, Khulna, and Barisal divisions. Even in 

recent years, regional disparities have been shown to exist through many channels 
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including the variations in the resource accessibility across regions (Khondker & Mahzab, 

2015).  

The population also demonstrates this regional diversity across the regions. As of 

2017, the total population of Bangladesh was 161.75 million (BBS, 2016a), while the 

population density was 1,090 per sq. km. However, the density of population varies across 

and within divisions and districts (BBS, 2011). At the district level, the highest density of 

population is found in the Dhaka district (with 8,111 inhabitants/km2) and Narayanganj 

district (with 4,139 inhabitants/km2) and the lowest population density is found in the 

Bandarban district (86 inhabitants/km2). Figure 2.2 depicts the divisional and national 

population trends throughout the years between 1991 and 2011, where the total 

population of the three coastal divisions comprised 36.32% of the total population in 2011 

(BBS, 2011). Figure 2.2 also demonstrates an increasing and varying trend of the 

population for the Dhaka, Chittagong, and Barisal divisions between the years 1991 and 

2011. 

 

Figure 2.2: Population trends in Bangladesh and its divisions (in thousands)  

Source: BBS (2011) 
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Regional disparities are emerging and prominent between the poor and rich regions 

in Bangladesh. It is one of the poorest countries in the world, with an approximate per 

household and per capita income of 15,945taka3 and 3,936taka per month, while the total 

expenditure per household is 15,715 taka per month (BBS, 2016c). According to a recent 

report by BBS (2016a), approximately 39% of the households were reported to be 

economically solvent, whereas urban population were economically more solvent 

compared to the rural population. Bangladeshi policymakers used the cost of basic needs 

method, recommended by World Bank (2009) to estimate the incidence of poverty across 

regions and households. In this method, the absolute amount of the poor population in 

each district of Bangladesh can be measured by using two poverty lines, (1) the upper 

poverty line, and (2) the lower poverty line (World Bank, 2009).  An upper poverty line 

specifies a higher level of per capita household expenditure than the lower poverty line; 

thus, a greater number of the population are identified as poor people under the upper 

poverty line in comparison to the lower poverty line. On average, the number of the poor 

population under the upper poverty line is 20% higher than the lower poverty line (World 

Bank, 2009).  

The United Nations World Food Programme UNWFP (2009) identified the poverty 

incidence for Bangladesh based on the lower and upper poverty lines. Based on the lower 

poverty line, the maximum and minimum percentages of the poor population were 

estimated at 44.3% and 0.8%, respectively (UNWFP, 2009). Similarly, based on the upper 

poverty line the maximum and minimum percentages of the poor population were 

estimated at 63.7% and 3.6%, respectively. According to the upper poverty line and lower 

                                                 

3  Taka (tk) is Bangladesh currency. 1 Bangladeshi tk = 0.012 US dollar 
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poverty line, the Kurigram district possessed the highest poverty at 63.7% and 44.3%, 

whereas the Kushtia district possessed the lowest poor population at 3.6% and 0.8%, 

respectively (UNFWP, 2009) (See Figure 2.3).  

 

Figure 2.3: Percentage of poor population in ten poverty-stricken districts (*) and 

ten least poverty-stricken districts within Bangladesh 

Sources: (UNWFP, 2009; World Bank, 2009) 

 

By combining the two poverty lines, ten poverty-stricken districts and ten least-

poverty stricken districts were identified for Bangladesh (see Figure 2.3) (UNWFP, 2009; 

World Bank, 2009). The poverty stricken districts were: Kurigram (44.3%4), Barisal 

(39.9%), Shariatpur (34.4%), Jamalpur (34.2%), Mymensingh (32.3%), Pirojpur (30.9%), 

Gaibandha (30.3%), Chandpur (30.3%), Rangpur (30.1%), Satkhira (29.7%) and the least 

poverty stricken districts are namely, Kushtia (0.8%), Noakhali (3.4%), Chittagong (4%), 

Dhaka (4.9%), Meherpur (5.1%), Bogra (6.7%), Rangamati (6.8%), Naogaon (7%), 

Narail (7.7%), Manikganj (8%)  respectively (UNWFP, 2009; World Bank, 2009).  

                                                 

4 All the parentheses numbers represent the percentage of poor population in different districts. 
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Table 2.1 highlights the disparities, based on the key economic indicators for the 

ten least poverty and ten poverty-stricken districts in Bangladesh (BBS, 2015). Though a 

lower variation exists regarding the per capita gross domestic products between poverty-

stricken and least poverty-stricken districts, the variation is shown to be prominent for 

per capita consumption expenditure. Kurigram, the highest poverty district (44.3% 

poverty), faces the lowest per capita consumption of 1,630.71 taka, with a total cropping 

intensity of 196.86%, while the total amount of the population engaged in agriculture is 

27.3%. However, among the least poverty-stricken districts, Kushtia (0.8% poverty), the 

per capita consumption expenditure is relatively high, approximately 3,643.749tk, with a 

relatively low population engagement of 19% in agriculture. The capital district of Dhaka 

(4.9% poverty) possesses the highest per capita domestic products of 66,548tk, along with 

very high per capita consumption of 3,584.02tk and very low population engagement of 

2.3% in agriculture. Although few of the least poverty-stricken districts, such as 

Rangamati and Narail, also have a higher percentage of people engaged in agriculture, 

they also have greater poverty rates compared to other least poverty-stricken districts. 

Furthermore, districts where the percentage of the poor population is greater also have 

greater proportions of people engaged in agriculture and experience lower per capita 

consumption expenditure (BBS, 2015).   
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Table 2.1: Economic indicators across poverty-stricken and least-poverty stricken 

districts in Bangladesh  
 

Source: (BBS, 2015) 

2.3 ROLE OF AGRICULTURE IN BANGLADESH 

The agriculture sector is a major contributor to the sustained food, nutrition, and 

livelihood security for a large portion of the population of Bangladesh (BBS, 2017). Four 

diverse subsectors: crops, livestock, fisheries, and forests contribute 55%, 14%, 22%, and 

9%, respectively towards the agricultural economy. Crops such as paddy rice, wheat, and 

                                                 

 

6 (Gross cropped area/net cropped area)*100   

 

Districts name 

Per Capita 

Gross 

Domestic 

Products (tk5) 

 

Per Capita 

Monthly 

Consumption 

Expenditure (tk) 

The 

Intensity of 

Cropping6 

(%) 

 

Population 

Engaged in 

Agriculture 

(%) 

 

Extreme Poor 

Population 

(%) (lower 

poverty line) 

Kushtia 35036 3643.749 200.49 19 0.8 

Noakhali 29565 3946.559 164.35 15.4 3.4 

Chittagong 55281 3681.251 163.39 6.2 4 

Dhaka 66548 3584.024 138.16 2.3 4.9 

Meherpur 36414 2859.55 164.5 26.5 5.1 

Bogra 34396 2284.358 217.12 20.2 6.7 

Rangamati 36934 2748.746 159.49 36.9 6.8 

Naogaon 36223 2475.49 179.38 29.2 7 

Narail 37911 2349.041 170.81 32.8 7.7 

Manikganj 35347 2370.655 170.67 19.6 8 

Kurigram* 35107 1630.714 196.86 27.3 44.3 

Barisal* 37934 1993.92 171.04 24.4 39.9 

Shariatpur* 30277 2077.256 154.65 19.7 34.4 

Jamalpur* 32922 1674.713 190 36.1 34.2 

Mymensingh* 32629 2214.928 182.67 22.4 32.3 

Pirojpur* 33453 2048.377 143.09 16.7 30.9 

Gaibandha* 29090 1853.592 188.63 25.5 30.3 

Chandpur* 31998 1970.103 166.5 22.7 30.3 

Rangpur* 32222 2420.708 207.25 22.1 30.1 

Satkhira* 37083 2014.214 150.64 30.4 29.7 
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jute are categorised as major crops, whereas maize, sugar cane and grains are minor crops 

(BBS, 2017). Paddy rice, locally known as “dhan”, acts as a staple food for 130 million 

Bangladeshis, where it fulfils 76% of their energy requirements (Ahmed, 2004). Three 

forms of paddy rice: “Aus”, “Aman”, and “Boro” followed by wheat, cereal grains, and 

vegetables are harvested in different seasons throughout the year. Agroecology, soil 

types, and climatic factors influence the overall land use patterns of Bangladesh. As a 

result of these factors and the agricultural potential, the total land has been classified into 

agro-iconological zones (BBS, 2016b).  

The coastal zone of Bangladesh consists of 30% of the net irrigable land, within 

which paddy production covers a central portion of the overall production (Mondal, 

Bhuiyan, & Franco, 2001). The locally transplanted Aman rice is the leading crop in the 

saline-prone Barisal, Khulna, and Patuakhali districts; however, Chittagong specialises in 

high-yielding Aman rice (S. A. Haque, 2006). Some other vegetables are also harvested 

in the coastal regions, which are broadly classified as summer season7 crops, namely 

“Kharif”, and winter season8 crops, namely “Rabi” (M. H. Rahman, Lund, & Bryceson, 

2011). 

 Agriculture contributes prominently towards the total employment of Bangladesh. 

According to BBS (2010), the share of agriculture as a source of income at the national 

level was 20.44% in 2010. Furthermore, the percentage of the population working within 

agriculture was 29.73% and 5.56% in rural and urban areas of Bangladesh (BBS, 2010). 

Agriculture constitutes the primary livelihood activity for the majority of the coastal 

community in Bangladesh. Within the farming community, a group of farmers 

                                                 

7 Summer is from March to July. 

8 Winter is from October to February. 
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(marginalised farmers) have no agricultural land of their own, and hence, work as 

marginalised farmers on other people’s land. Moreover, the extent of poverty is higher in 

the coastal region than other regions (BBS, 2010). However, in recent times the primary 

livelihood of the coastal farmers has changed from farming to other non-farming activities 

(Collins, 2014). 

2.4 A BRIEF OVERVIEW OF CLIMATE CHANGE SCENARIOS  

2.4.1 Temperature and Precipitation Changes 

Bangladesh is one of the top fifteen climate risk hotspots in the world (M. A. Islam 

et al., 2016). The nation’s deltaic position, its overall geography, and the demography 

make the nation and its regions vulnerable to different climatic exposures. The country’s 

north-east regions (in particular, Sylhet) are prone to flash floods due to their location at 

the river floodplain; while the western districts (in particular, Rajshahi and the Chittagong 

hill tracts) are drought-prone due to lower rainfall; and the southern districts (in particular, 

Khulna and Barisal) are saline prone due to the coastal influence (Toufique & Islam, 

2014). Meanwhile, regular flooding is frequent during the monsoon season due to the 

discharge of the monsoon rainwater from the Ganges-Brahmaputra-Meghna basin (Ruane 

et al., 2013).  

Bangladesh has already experienced climatic variability, which is an ongoing threat 

to the overall Bangladeshi livelihood. Furthermore, the Bangladeshi Government and 

researchers have also projected vulnerability due to future climate change, as climate 

change has the potential to accelerate the intensity and threats of climate-variability and 

to increase the frequency of climatic hazards (T. Islam, Rahman, & Mallick, 2010). Figure 

2.4 depicts the average values of monthly temperature and daily precipitation data for 

Bangladesh.  
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Figure 2.4: Average monthly and daily climate projection data for Bangladesh 

Source: (Cline, 2007, pp. 142,152), Authors own presentation. 

Note:  

P0 =  average daily precipitation for 1961-90 

P1 = average daily precipitation for 2070-99 

T0 = average monthly temperature for 1961-90 

T1 = average monthly temperature for 2070-99 

 

Based on the observation of the average temperature and precipitation throughout 

the period 1961-1990, Cline (2007) projected the potential average monthly temperature 

and precipitation changes for the year 2070-2099 respectively (pp. 142, 152). According 

to the estimation, an average temperature increase of 5.950 is likely by the end of the 

century, with a likely precipitation increase of 0.62mm/day. Moreover, the monthly 

temperatures are also likely to increase across all 12 months, whereas the middle of the 

year is likely to experience a maximum increase in heat waves related to a temperature 

increase during the period 2070-2099 (Cline, 2007, pp. 142, 152). 

2.4.2 Sea Level Rise and Salinity Intrusion  

A rising sea level is a massive threat to the livelihood of Bangladesh. The entire 

coastline of Bangladesh is severely vulnerable to a 15cm-62 cm sea level rise by 2030-

2080 (M. A. Islam et al., 2016; Mohal & Hossain, 2007). Furthermore, 20.1% of the 

Jan Fed Mar Apr May Jun Jul Aug Sep Oct Nov Dec Avg

P0 0.27 0.66 1.56 4.56 7.98 15.39 16.93 13.19 10.09 5.08 1.03 0.32 6.42

P1 0.08 0.6 1.29 4.57 9.54 17.85 18.79 14.07 11.32 5.53 0.71 0.15 7.04

T0 17.63 19.94 24.29 26.98 27.61 27.67 27.35 27.37 27.35 26.04 22.56 18.74 22.18

T1 22.19 25.1 29.45 31.47 30.92 30.18 29.65 29.92 30.37 29.61 25.93 22.85 28.13

0

5

10

15

20

25

30

35

te
m

p
e

ra
tu

re
( 

(0 C
)

P
re

ci
p

it
at

io
n

 (
m

m
/d

ay
)



26 

shoreline (around 57.9 km of the total coastline in the Ganges delta) potentially faces 

multi-hazard threats due to ongoing coastal climatic hazards. The amount of total 

shoreline vulnerable due to high, moderate, low, and very low levels is approximately 

7.5% (50 km), 21.5% (61.3km), 19.7% (56.6 km), and 21.2% (60.4km), respectively 

(Mohal & Hossain, 2007). The deltaic geographical position of Bangladesh exacerbates 

the country becoming more sensitive to all categories of floods (Mirza, 2002; Mirza, 

Warrick, & Ericksen, 2003).  

One metre of the rise in sea levels has the potential to temporarily submerge 17.5 

% of the nation’s expanded coastal area and could also create an impact on the coastal 

livelihood and its ecological conditions (Sarwar & Khan, 2007). Moreover, extreme sea 

levels on the country’s coast are likely to be 1.91m to 2.48m, with a 95% confidence 

interval in 2050 due to the influence of storm surges (Lee, 2013), whereas a one metre 

sea level rise would be sufficient to alter the unprotected nature of country’s coastal 

shoreline (Dasgupta et al., 2011). Instead of projecting only the mean sea level rise, 

Pethick and Orford (2013) projected the rate of effective sea level rise by including the 

“combination of deltaic subsidence”, “sediment compaction”, and “eustatic SLR” and 

found prominent evidence of the increasing trend of sea level rise in the Pussur river 

estuary in Bangladesh. The results show that the effective sea level rise has been 

increasing at a rate of 14.1 mm a-1 over 30 years, which is greater than the mean rate of 

sea level in an extreme situation. This rate is even higher in the densely populated Khulna 

district, with17.2 mma-1 (Pethick & Orford, 2013). 

Surprisingly, the rate of sea level varies across the four coastal stations, which cover 

the entire coastline (M. A. Islam et al., 2016) in Bangladesh. For example, the rate of 

shoreline changes has been ±15mm/year for Patharghata station in Barguna regions (43 

years), ±10mm/year for Khepupara station in Patuakhali region (32 years), ±7.1mm/year 

for Hiron point station (33 years), and the 6.8mm/year for Char Changa stations (31 
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years). Moreover, (M. A. Islam et al., 2016) also revealed 43% of the total shorelines to 

be very highly vulnerable, 28% highly vulnerable and 13% of the shoreline moderately 

vulnerable.  

Bangladesh’s coastal regions have been greatly affected by various degrees of soil 

salinity over the last few years (M. B. Islam, Ali, Amin, & Zaman, 2011). Though salinity 

intrusion is a major issue for overall coastal Bangladesh, the severity of the salinity 

problems has increased over the years and are expected to increase in near future (SRDI, 

2010). During the year 1973 to 2009, approximately 0.223 million hectares (ha) of new 

land was affected by various degrees of salinity, with a total of 35,440 ha land was 

affected in between 2000-2009 (see Table 2.2) (SRDI, 2010).  Moreover, the level of 

salinity increased to various degrees in different coastal locations, such as Noakhali, 

Satkhira, Bagerhat, Khulna, and Patuakhali locations. The critical risk zone has been 

identified within four kilometres from the coasts, where the population is highly impacted 

(Szabo et al., 2016). Mondal et al. (2001) experimented the dynamics of moderate and 

extreme saline soils especially during dry and wet seasons for Mirzapur and Barodanga 

villages, in the Khulna district. According to the study results, the salinity level changes 

were 4.0 to 9.0 and 5.0-12.0 ds m-1 in dry seasons and were 1.5 to 2.5 and 2.0-3.0 ds m1 

in the wet seasons. As a consequence, approximately 71% of the cultivated areas have 

been affected by high-level salinity (>12ds/m) for the subdistrict Shyamnagar in the 

Khulna district (Parvin et al., 2017). 
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Table 2.2: Trends in Salinity Levels for the Overall Coastline in Bangladesh 

Years 

Salinity Class & Salt Affected areas 

(000’ha) 

S1 

2.0-4.0 ds/m 

S2 

4.1-8.0 ds/m 

S3 

8.1-16.0 ds/m 

S4 

12.1 -16.0 ds/m 

1973 2000 2009 1973 2000 2009 1973 2000 2009 1973 2000 2009 1973 2000 2009 

8330.45 1020.75 1056.26 287.37 289.76 328.43 426.43 307.20 274.22 79.75 336.58 351.69 39.90 87.14 101.92 

Source: (SRDI, 2010) 
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A number of studies have projected the future extent of soil and water salinity for 

coastal regions. For example, Bhuiyan and Dutta (2012) estimated the potential water 

salinity level in the Gorai river basin due to 59cm of sea level rise. The results showed 

that the salinity level in ‘Mongla’ and ‘Nalianala’ station will increase at 15.7ppt and 

18.00ppt compare to 14.8ppt and 17.3ppt by 59cm of sea level rise respectively. 

Moreover, the amount of salt in the Passur river water is likely to be 10ppt up to 21km 

upstream with the rising sea level (Bhuiyan & Dutta, 2012). Figure 2.5 depicts the mean 

soil salinity projected by the World Bank (2014b) for the year 2050 for different coastal 

regions in Bangladesh. Overall, the study projections indicate that overall coastal regions 

will have very significant increases in soil salinity during the coming decades. In 2050, 

the highest to medium soil salinity will be faced by Khulna, followed by the Barisal 

region, with moderate to high salinity in other coastal parts of Bangladesh.  

 

Figure 2.5: Projected mean monthly soil salinity for 2050 across different coastal 

stations for Bangladesh;  

Note that blue to violet colour indicates low to high extent of soil salinity (ds/m) 

Source: (World Bank, 2014b) 
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2.5 CLIMATE CHANGE IMPACTS ON BANGLADESHI AGRICULTURE 

Other than anthropogenic reasons, the key reasons behind crop loss in Bangladesh 

are climate variability and climatic change (World Bank, 2010). Many studies have 

evidenced the ongoing impacts of climatic variability on crop production. For example, 

Yu et al. (2010) specified three reasons for decreasing the amount of rice and wheat 

production in the southern districts of Bangladesh. The first and second reasons are 

related to the negative impacts of climate variability, including changes to the daily basis 

temperature and precipitation, where approximately 50% of crops, particularly Boro rice 

production, are expected to be affected by 2070 (Kabir, 2015). The third and other 

important climatic factors are the ongoing increments of water and soil salinity, affecting 

the coastal agriculture in Bangladesh (Yu et al., 2010).   

Sea level rise also has the potential to decrease rice crop production in the coastal 

regions of Bangladesh through two primary ways. The first is due to temporary or 

permanent coastal land inundation by coastal flooding. For example, Dasgupta et al. 

(2011) estimated the future inundation risk for 84 developing countries and found that a 

one-metre sea level rise induced by extreme storm surges is likely to inundate around 

202,172 km2 coastal land territory, as well as the potentially cultivable land resources.  

The second reason for crop loss is due to the salinity intrusion caused by sea level 

rise. Salinity is a massive threat to crop production in coastal regions (Habiba, Abedin, 

Hassan, & Shaw, 2014). Around 1.2 million hectares of arable land has already been 

affected by varying degrees of soil salinity, even due to the cyclone, namely ‘SIDR’, tidal 

flooding during the wet season and direct intrusion through saline water inundation in the 

dry season (Szabo et al., 2016). Saltwater intrusion due to coastal flooding is a serious 

problem for low lying Bangladeshi communities, as it might not only reduce the 

productivity of cultivable croplands, but might also the freshwater availability for 
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irrigation (Angus, Parris, & Hassani, 2009). Two key factors that can foster a level of 

salinity are ongoing coastal flooding and the scarcity of fresh water in dry seasons (World 

Bank, 2014a). In recent years, paddy rice, vegetables, oilseeds, and pulse production have 

been negatively affected by various degrees of soil salinity (Sarwar, 2005). Soil salinity 

can affect crop production differently depending on the salinity tolerance level of 

different crops (SRDI, 2010). The majority of crops can tolerate a salinity of 0ds/m to 8 

ds/m. However, the crop yield loss is highest with a soil salinity of more than 15ds/m. 

The World Bank (2014b) projected a loss of high yielding rice production decline by 

15.6% in nine subdistricts that cross the 4 ds/m soil salinity threshold before 2050.  

Furthermore, rice production losses are like to be by 0.2% to 3.9% in Barisal and 

Chittagong regions respectively. Further, the price of rice will also increase by 10.5% and 

7.5% respectively (World Bank, 2014b). 

In summary, the whole nation, particularly the coastal districts, have begun to 

experience a reduction in crop yield production. The potential impacts of global warming 

and sea level rise are likely to foster sharp crop losses without any adaptation measures. 

As agriculture is central to the nation’s economy, potential crop loss is therefore likely to 

have further impacts on the nation’s food security and overall livelihood. 

2.6 ADAPTATION STRATEGIES BY COASTAL FARMERS 

Adaptation is an emerging policy to reduce climatic hazards and protect the 

livelihood condition and food security of poor farmers (IPCC, 2014b; Lobell et al., 2008; 

World Bank, 2013b). Though mitigation and adaptation are two necessary strategies to 

manage climate change risks; the former involves reducing greenhouse gas emissions, 

and the latter involves coping with the negative impacts of climate change by accepting 

its inevitability (Ayers & Huq, 2009). Bangladesh has already undertaken two clean 

development mechanisms as part of mitigation strategies, which has reduced people’s per 
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capita energy consumption (MOEF, 2009). Moreover, different projects (for example, 

waste to compost) are providing suggestions to link mitigation with adaptation as part of 

global climate mitigation action (Ayers & Huq, 2009). However, adaptation is considered 

a more flexible and reasonable strategy, especially for developing countries (O'Brien, 

O'Keefe, Meena, Rose, & Wilson, 2008) due to four key reasons: greater dependency on 

agriculture, having less knowledge about climate change, having limited livelihood 

opportunities due to limited resources, and facing more institutional barriers while taking 

action (Nath & Behera, 2011). Moreover, adaptation is more practical in cases of location-

specific climatic variability (for example, salinity intrusion due to sea level rise) 

compared to mitigation (Wilbanks et al., 2007). Bangladeshi farmers are already 

experiencing different forms of adaptation against different degrees of environmental 

extremity (T. Islam et al., 2010). In general, adaptation strategies are categorised into two 

broad existing categories: community-led or autonomous adaptation, and the Bangladesh 

Government or other institutions have led adaptations or institutional adaptation (Habiba 

et al., 2014).  

The Bangladesh Government has already undertaken many action plans, as well as 

policy agendas as a part of institutional adaptation to reduce climate vulnerability and 

sustain livelihood (see Table 2.3). For example, the central authority of Bangladesh 

launched the National Adaptation Programme of Action in 2005 under the authorisation 

of UNFCCC (MOEF, 2005) to reduce different climatic risks associated with different 

institutions. In salinity prone villages, the local governments have also undertaken few 

initiatives to improve the farming conditions in coastal areas. Additionally, non-

governmental organisations (NGO) also play a significant role by undertaking different 

national or regional specific initiatives either by their own or with the coordination of 

government (T. Islam et al., 2010). The suggested action plans, sketched by the National 

Adaptation Program of Action (T. Islam et al., 2010) are described below.   
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Firstly, adaptation in coastal areas through salt-tolerant crops, as well as fish 

species; secondly, coping strategies in the agricultural sector in flood-prone areas; thirdly, 

adaptation by constructing cyclone shelter against coastal extreme events and major 

floods; fourthly, different coastal tree plantation programme; fifthly, providing security 

in drinking water, primarily in the coastal region; and finally, developing new urban 

infrastructures to adapt to various flood and cyclone hazards  (T. Islam et al., 2010). 

Despite the initiatives undertaken by different institutions in Bangladesh, a number 

of shortcomings and barriers, such as corruptions and bureaucratic, improper distribution 

of resources between poor and rich farmers and biased selection of villages have been 

experienced while implementing those programs (World Bank, 2010; Mahmud & 

Prowse, 2012). 
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Table 2.3: Existing Institutional Adaptation Programmes by Bangladeshi 

Government 

Climatic Events  
Adaptation Action Plans Institutions 

Cyclone storm 

surge 

Embankments: developing 

dykes in the riverbank (from 

1960 onwards).  

Bangladesh Water 

Development Board 

(BWDB), Institute of Water 

Modelling  

(IWM), Centre for 

Environmental and 

Geographic Information 

Services (CEGIS) 

 Coastal afforestation: planting 

mangrove trees to protect the 

dykes naturally. 

Department of Forestry, 

Government of Bangladesh 

(GOB),  

 

 Early warning system: making 

alterations before any hazards 

occur through television, radio 

etc.  

A national and local 

government with the help of 

civil society organisations 

and the private sector 

 Cyclone shelters: establishing 

shelters for cyclone victims. 

Currently, 2591 shelters exist in 

coastal areas. However, they 

only accommodate 7.3% of the 

coastal population. 

GOB, NGOs and different 

government agencies. 

 

 Internal Migration: due to the 

large density of population in 

the coastal area, this strategy 

could be undertaken. 

GOB 

Salinity intrusion Salt-tolerant rice varieties: 

researching different types of 

salt tolerant Boro rice varieties 

for the Boro seasons are BRRI 

dhan-47, BINA dhan-8, BRRI 

dhan-40, 41, 44, 53. 

Different institutes working 

together, such as 

Bangladesh Rice Research 

Institute (BRRI), 

Bangladesh Institute of 

Nuclear Agriculture 

(BINA), with National 

Agricultural Research 

System. 

 

 Other soil-tolerant crops rather 

than rice for southern regions 

like Mug 5 and 6, maize, potato, 

groundnut, BARI Halud, etc. 

BARI and other research 

centres of BARI. 

 

 Different training process to 

teach farmers how to produce 

new crop varieties. 

Directorate of Agricultural 

Extension from the Ministry 

of Agriculture. 

Sources: Adapted from (Habiba et al., 2014; World Bank, 2010) 
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As adaptation is particularly necessary for the agricultural sector, which is one of 

the most climate-vulnerable sectors in Bangladesh, as noted by Abedin and Shaw (2013), 

autonomous adaptation is more popular among farming communities in Bangladesh.  

Autonomous adaptation strategies require minimal resources to implement and the nature 

of the adaptation varies across regions and across types of hazards (Ruane et al., 2013). 

The following are a few examples of the types of autonomous agricultural adaptation 

methods used across different regions other than coastal regions within Bangladesh. One 

popular adaptation strategy undertaken by people in the north-east region of Bangladesh 

is known as a floating garden. The wetlands in the north-eastern region are particularly 

flood-prone during the monsoon season and the land temporarily turns into ponds (Pavel 

et al., 2014). In this scenario, poor farmers use floating beds to produce some selected 

crops. Farmers in the drought-prone Rajshahi district have adopted primary and 

secondary adaptation strategies; Sarker, Alam, and Gow (2013) identified that irrigation, 

direct seeded rice, short-duration rice varieties, changing planting and harvesting dates, 

agro-forestry, crop varieties, cultivation of various pulses, jute, and wheat are the primary 

practices. Moreover, changing planting dates, cultivation of short-duration rice, using 

different crop varieties, and supplementary irrigation for Aman rice are considered 

complementary practices (Sarker, Alam, and Gow, 2013).  

Diversification towards non-farming occupation or migration from one part to other 

parts of the country is well-known across in Bangladesh (Khanom, 2016). In this sense, 

occupational diversification is one of the common forms of adaptation strategies against 

climatic variability, where marginalised farmers have diversified their occupation from 

farming to non-farm related activities (Bandyopadhyay & Skoufias, 2015). Moreover, 

these alternative occupations (see Table 2.4) can be broadly categorised as on-farming, 
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natural resource-related; and off-farming, non-natural resource-based activities (IUCN, 

2004). According to Sen (2003), a group of rural households diversified their occupations 

using multiple strategies, such as crop intensification, agricultural diversification, off-

farm activities, and migration during the period 1987-2000. In one hand, the proportion 

of the labour force, primarily employed in agriculture has decreased from 69% to 51% 

out of total 379 rural households in Bangladesh during the 13 years. On another hand, the 

proportion of the workforce employed in the non-agricultural sector increased from 36% 

to 61% in case of resource-rich households; from 23% to 38% for chronically poor 

households, and from 26% to 35% for descending households, in Bangladesh 

(Deichmann, Shilpi, & Vakis, 2009; Sen, 2003).  

Table 2.4: Examples of Alternative Occupations or Activities Among Coastal 

Farmers 

On-farming Activities  
Off-farming Activities  

Livestock keeper Day-labourer (plumber, electricity repair 

worker) 

Boat builders/repair Office employment (local or private 

sector) 

Fishermen Small trader  

Carpenter Small businessmen/women (tailoring, 

small shop/nursery owner) 

Handicrafts worker Transport (van driver/rickshaw puller 

Shrimp farm labourer Textile factory workers (dressmakers) 

Hunter Hairdressers 

Source: (IUCN, 2004) 

 

 

2.7 SUMMARY 

The overall purpose of this chapter was to provide the background for the three 

empirical studies in this thesis. The first part of this chapter described the poverty and the 

regional disparities as part of the socio-economic conditions of the Bangladesh regions. 

This chapter also discussed the link between climate change, sea level rise, and the overall 
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impact on the Bangladesh agriculture. The comprehensive analysis of climate 

characteristics: temperature, precipitation changes, and salinity intrusion revealed a 

massive threat to agriculture, as well as the overall economy of Bangladesh.  

The second part of this chapter briefly discussed the ongoing adaptation strategies 

in Bangladesh in order to combat climatic impacts, particularly in coastal regions. Among 

different strategies, occupation adaptation strategies can be considered one of the more 

popular strategies amongst farmers in Bangladesh. 

This chapter demonstrated that there is an urgent need for a systematic empirical 

analysis of the impacts of climate change and sea level rise induced agricultural loss and 

its overall impact on the regional and national economy, as well as the regional disparities 

of Bangladesh. Moreover, it is also important to analyse the micro-level adaptation 

strategies undertaken by coastal farmers in Bangladesh. In order to carry out a more 

detailed analysis of the above issues and make a significant contribution to knowledge, it 

is important to survey existing empirical studies on the topic and identify literature gaps. 

Therefore, the next chapter reviews the existing literature regarding climate-change and 

sea level rise impacts on agriculture under an analytical framework and establishes the 

scientific method of investigation used for this study. Furthermore, Chapter 3 reviews the 

existing adaptation strategies, particularly those used by coastal farmers, to identify the 

importance of diversifying occupation by resource-poor farmers in Bangladesh. 
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Chapter 3: Climate Change, Sea Level Rise, 

Crop Productivity, and 

Adaptation Strategies in 

Bangladesh: A Brief Literature 

Review 

3.1 INTRODUCTION 

This chapter provides a review of the pertinent literature about the assessment of 

climate change, sea level rise impacts on agricultural systems, and adaptation strategies 

by coastal farmers. There is a large body of literature on climate change, sea level rise, 

and crop productivity in general at the global level (for example, Bosello & De Cian, 

2014; Cai et al., 2016; Cline, 2007; Hertel et al., 2010). There has also been a growing 

body of literature on climate change, crop productivity, and adaptation strategies in 

Bangladesh, mainly because it is one of the most vulnerable countries in the world to 

climate change (Cameron & Trivedi, 2009; Cline, 2007; Dasgupta et al., 2017; Pouliotte 

et al., 2009; Yu et al., 2010). Therefore, this chapter focusses on the two key areas of 

research: the assessment of climate change and sea level rise on crop productivity and the 

adaptation strategies of the coastal farmers of Bangladesh.  

The rest of the chapter is organised as follows. Section 3.2 provides a brief overview 

of the global empirical studies on climate change impacts on agriculture based on 

different partial equilibrium approaches and a general equilibrium approach. Section 3.3 

evaluates empirical studies on climate change and sea level rise on crop productivity, 

particularly for Bangladesh, followed by a discussion of the gaps and weaknesses in the 

existing literature. Section 3.4 discusses the adaptation strategies of Bangladesh coastal 

farmers, focusing on occupation diversification, its determinants, and its impacts on 
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farmer’s socio-economic conditions and the gaps and weaknesses of the existing 

literature. Section 3.5 concludes the chapter.  

3.2 EMPIRICAL STUDIES ON THE IMPACTS OF CLIMATE CHANGE  

A growing body of literature has attempted to assess climate change impacts 

including agriculture, tourism, migration, and ecosystem services (Barbieri et al., 2010; 

Pham et al., 2010; Rao et al., 2017). A number of studies have only examined the 

biophysical impacts, including changes in temperature, precipitation, and the carbon 

fertilisation of the climate (Chen et al., 2012; Iqbal & Siddique, 2014; Knox, Hess, 

Daccache, & Wheeler, 2012; Ruane et al., 2013); while others have examined the 

economic impacts of climate change (Dasgupta et al. 2017; Ahmed, M., & Suphachalasai, 

S, 2014; Yu et.al, 2010, Hertel, et.al, 2010). Sea level rise, one of the severe threats of 

climate change, has also received significant attention from scientists. A similar trend of 

biophysical and economic studies has been found while assessing the impacts of sea level 

rise (Bosello & De Cian, 2014).  

In the case of economic modelling, two economic modelling techniques have been 

categorised from the analytical framework: the partial equilibrium model and the general 

equilibrium model. The partial equilibrium model focuses more on single or few markets 

in isolation to measure the detailed economic impacts of policy measures. Moreover, the 

partial equilibrium approach often overestimates or underestimates the resulting impacts 

of climate impacts by ignoring essential links between different sectors or regions on the 

rest of the economy (Bandara, 1991). Assessing the impacts of climate change on 

agriculture using the partial equilibrium model entails four empirical approaches: crop 

modelling/agro-economic, Ricardian/cross-sectional models, panel data models, and 

agro-ecological zone models (Cline, 2007).  
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In contrast to the partial equilibrium modelling approach, the general equilibrium 

modelling approach is based on an economy-wide framework that includes all 

commodities and factor markets, together with the decision-making agents in an 

economy. The equation system of these models is mainly driven by microeconomic 

theories and behavioural assumptions related to relevant agents in an economy (Bandara, 

1991). Commonly used computable general equilibrium models (CGE) are based on the 

well-known general equilibrium theory and on real-world data (Burfisher, 2011). 

According to Burfisher (2011), the core concept of these models relies upon the circular 

flow of income and Walrasian general equilibrium theory. A CGE model is an empirical 

counterpart of the general equilibrium theory, which presents the general equilibrium 

theory with numbers. This model is combined with empirical data in order to simulate the 

welfare effects of different policies. CGE models can be applied to examine the effects 

of different internal and external shocks and policy changes. The model can be developed 

and applied at national or subnational levels depending on the policy measure locations. 

However, multiregional CGE models are becoming attractive for assessing regional level 

policies within a single country (Partridge & Rickman, 2010). 

3.2.1 Empirical Partial Equilibrium Modelling Studies  

3.2.1.1 Crop Models/Production Function Approach 

A principal idea of the crop model is to investigate the regular biophysical impacts 

on plant growth and development by controlling climate situations. This agronomic 

model aims to estimate the relationship between climate variables and crop yields under 

controlled environmental conditions (for example, temperature, precipitation, humidity) 

(Rosenzweig & Parry, 1994). Moreover, the model simulates the crop yields by 

integrating the effects of soil, crops phenotypes, weather (current variability and future 

changes) and management options (Ahmed, M., & Suphachalasai, S., 2014). After 

discovering the biophysical impacts, these results can be used as an input to the economic 
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model to predict the aggregate impacts on crop yields, as well as crop price changes 

according to different environmental conditions (Sarker, 2012). Nelson et al. (2014) 

utilised the climate, crop, and economic models and projected that the mean potential 

global crop yield reduction was likely to be 17% by 2050 without positive carbon 

fertilisation effects. Moreover, global warming would potentially be responsible for an 

increase in the variability of agricultural crop yields, cropland productivity, yield price, 

consumption, and trade patterns worldwide by 2050.  

Despite some advantages of crop models, these models are unable to capture the 

adaptation behaviour among farmers. As the model results are based on laboratory 

experiments they only consist of the empirical or experimental production functions. This 

bias is known as the “dumb farmer scenario” (Mendelsohn, Nordhaus, & Shaw, 1994). 

Even if the adaptation behaviour is captured, it can create a negative bias, whereas the 

actual behaviour is more adaptive (Guiteras, 2009). Moreover, this economic model does 

not include any links between agriculture and other sectors of the economy while 

considering the climate impacts on agriculture. 

3.2.1.2 Ricardian/Cross-Sectional Approach 

A large volume of studies assessing the impact of climate change is based on the 

Ricardian approach developed by Mendelsohn et al. (1994), which is relatively more 

modern than the crop model. This approach aims to measure the impact of climate change 

by farmland values. This model relies on reduced form equations, which concern how 

climate variables and other exogenous variables can affect farmland prices (Mendelsohn, 

Basist, Kurukulasuriya, & Dinar, 2007). One of the key advantages of this model is its 

ability to capture the direct effect of climate change on both crop production and farmers’ 

adaptive techniques of production (Guiteras, 2009). The Ricardian model is also well 

known among empirical studies of climate change impacts on agriculture. For example, 
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Cline (2007) systematically estimated the effect of global warming on agriculture by 

using the crop as well as Ricardian models across different countries. The overall 

potential crop loss varies across developing countries after including the effect of full 

carbon fertilisation. The potential crop yield loss for Africa, Latin America, and India is 

likely to be 17%, 13%, and 30% respectively. However, China is likely to gain a 6.8% in 

crop yield, which is quite close to the gains of United States (8.2%). Furthermore, Cline 

(2008) used both crop models and Ricardian approaches to assess the effects of climate 

change on agricultural productivity in a consensus manner and estimated that the mean 

crop yield loss across Asia and Africa was likely to be 8% by 2050. Another study by 

Knox et al. (2012) used only the Ricardian approach 9  to determine the relationship 

between district level net per hectare farm revenue and some climate variables for India. 

The results showed that all climate variables significantly affected farm revenue. 

Moreover, the total revenue would decrease by 8.4%, with an increase of temperature and 

precipitation by 7% by the end of 21st century (Knox et al., 2012).   

However, some vital limitations to the Ricardian approach are as follows; first, this 

partial equilibrium analysis assumes constant relative prices, which is challenging for 

estimating the welfare of the economy (Cline, 1996). Second, this model suffers the 

problem of omitted variables, as it does not consider the skills of agricultural farmers, an 

unobservable and time-independent factor (Guiteras, 2009). Third, this model uses a 

simple linear relationship between climate variables with land value, which might 

underestimate the actual climate damage (Cline, 1996). Finally, the estimation of the 

model requires data from different agro-ecological zones, which seems impractical for 

some researchers (Sarker, 2012).  

                                                 

9 This study used the farm net revenue instead of land values as a dependent variable. 
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3.2.1.3 Panel Data Approach 

This is an econometric approach where two effects, fixed and random, are 

considered. One of the advantages of this model over the Ricardian approach is that it 

solves the problem of omitted variables through the fixed effect approach (Sarker, 2012). 

This model also provides a better outcome than the crop model, as all data used in this 

model are gained from the field level rather than the laboratory (Guiteras, 2009).  

However, this model is not able to capture the long-term adaptation options of 

farmers. Moreover, panel data models are also unable to capture how individual farmers 

are affected by climate change (Kabir, 2015), as they belong to the family of partial 

equilibrium models. 

3.2.1.4 Agro-ecological Zoning Approach 

The core concept of this model is to build the relationship between crop yields and 

different agro-ecological zones. The model categorises land area as different types and 

aims to determine how these types alter with potential global warming scenarios (Cline, 

2007). The categorisation can help to measure the changes of crop yields in each of the 

zones due to climate change (Mendelsohn & Dinar, 1999). This model helps to identify 

and distribute each of the crop-producing lands in each zone, since different factors, such 

as crop characteristics, soil properties, land, and harvest indexes, are included (Sarker, 

2012). However, Mendelsohn and Dinar (1999) highlighted the following disadvantages 

of this model. First, it is unreasonable for the researchers to assign different crop yields 

to different suitable zones. Second, it seems unable to capture the adaptation behaviour 

of farmers. Finally, it is sometimes impossible to predict the ultimate model outcome 

without properly exhibiting other relevant modelling components (Mendelsohn et al., 

1994). 



44 

3.2.2 Empirical Studies Using CGE Modelling Approach 

There has been tremendous growth in the analysis of climate change and its overall 

economic impacts, particularly for developing countries. The CGE modelling approach 

has gained popularity over other approaches in assessing the impact of climate change 

over the last two decades. Researchers have developed both comparative static and 

dynamic CGE models to capture the base to projected year effects or the year-to-year 

impacts depending on the data availability. Having utilised the globally available GTAP-

E (F), GEM-E3, ICES and ENVISAGE and other well-known CGE models some project-

based and government organisations report assess the impacts of climate change. In order 

to represent the land and its value sophisticatedly due to sea level rise, a similar type 

model, the FARM CGE model, was developed by Darwin and Tol (2001). A range of 

CGE modelling studies has also considered the sea level rise impacts globally or by using 

single country levels. Global CGE modelling studies typically focus on both capital and 

land loss impacts with and without coastal protection (Bosello & De Cian, 2014). Bosello, 

Nicholls, Richards, Roson, and Tol (2012) used a static CGE model to identify the vast 

difference between partial and economy-wide assessments while evaluating the impacts 

of sea level rise due to climate change by using a static CGE model under the PESETA 

projects. Similarly, researchers in Australia and other countries have also developed and 

utilised regional CGE models based on Australian TERM, developed by Horridge, 

Madden, and Wittwer (2005) to evaluate the subnational impacts of climate change within 

a country.  

Hertel et al. (2010) used the GTAP model to evaluate the impacts of climate change 

on agriculture, economic livelihood, and poverty by 2030. The overall impacts were 

evaluated for high, medium, and low crop productivity scenarios for a set of 15 

developing countries. In the case of a high negative impact scenario, the prices for major 

staple crops were projected to rise by 10%-60%, whereas the global cereal price was 
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projected to fall by 32% by 2030. The highest impacts scenario could also be responsible 

for an increase in poverty for poor countries to different extents. However, the price 

changes were likely to vary depending on the household’s dependency on agriculture. 

The poverty rates’ increase by 20-50% for the household groups depended greatly on 

non-agriculture in some parts of Asia and Africa, whereas the rates were likely to decrease 

in significant amounts for agriculture-specialised households elsewhere in Asia and Latin 

America. In the case of the optimistic scenario, the global cereal price could decline by 

16% by 2030, whereas the medium scenario could expect modest price changes (Hertel 

et al., 2010).  

Arndt et al. (2012) developed a recursive dynamic CGE model for Tanzania to 

estimate the sub-national impacts of climate change on food security. Overall, national 

food production in Tanzania was likely to deteriorate as a consequence of climate change. 

With regards to regions, almost all of the regions were expected to be badly affected in 

hot and dry scenarios, particularly through large reductions in agricultural GDP by 2046-

2050. Moreover, the difference was also prominent across regions based on agricultural 

dependency. Overall, this heterogeneity was likely to create great disparities across 

regions and between the poor and non-poor within Tanzania.  

Skjeflo (2013) used a single country CGE model of Malawi to assess household’s 

vulnerability to climate change by 2030. The study illustrated the importance of analysing 

the indirect impacts of climate change by considering household heterogeneity within a 

country. The overall results showed that large landholding households in Malawi might 

benefit due to increasing maize prices by 2030. However, the increasing price of maize 

would negatively affect the food consumption of the urban poor and the small-scale 

farmers in Malawi due to climate-induced maize crop productivity loss.  
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Thurlow, Zhu, and Diao (2012) developed an analytical framework by combining 

hydrological crop models and recursive dynamic CGE models to estimate the climate 

impacts on economic growth and household income poverty in Zambia. The results 

indicated that the current vulnerability of climate change could reduce the gross domestic 

product by 4% on average over a 10-year period, which in turn is likely to cause an 

increase of 2% of the population falling below the poverty line by 2025. The study also 

concluded that climate change damage would be much smaller compared to those from 

climate variability. However, one of the reasons could be that the study only considered 

climate change impacts on crop productivity loss, but did not consider any other channels 

of climate change, such as sea level rise or other impacts.  

A very recent study by Hasegawa et al. (2017) also utilised a global CGE model 

combined with a crop model to estimate the impacts of climate change and agricultural 

autonomous adaptation measures on global food consumption and risk of hunger by 2050. 

The results of this study indicated the importance of adaptation, which is expected to 

significantly lower the risk of hunger under various socio-economic and climate 

conditions. In addition, the study also concluded that overall climate change impacts on 

the risk of hunger varied across regions due to the different levels of calorie intake, 

different climate impacts, and differing land scarcity across regions.  

Bosello et al. (2012) first developed and used the GTAP-E model version — GTAP-

EF — by augmenting the agriculture sectoral disaggregation to assess the detailed long-

term indirect economic effects of sea level rise for the European Union (EU). In the case 

of high sea level rise, the world prices for food and agriculture were deemed likely to 

increase by 1.16% and 0.41% by 2085 both with and without adaptation, respectively. 

However, the world prices for energy commodities were likely to reduce by -0.03% and 

increase by 0.24% both with and without adaptation, respectively. The overall results 

varied across countries; where for 15 out of 25 cases the direct cost of land losses was 
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higher than the GDP costs, while for 10 cases the opposite occurred, with countries 

experiencing GDP gains. However, the overall study showed the importance of 

considering the indirect effects via the general equilibrium analysis effects as substitution 

effects and the international trade work as multiplier effects.  

For regional modelling studies, Horridge et al. (2005) estimated the subnational 

economic impacts of the 2002-03 droughts in Australia using the TERM regional CGE 

model. Overall, drought was found to reduce Australian GDP by 1.6%, whereas the 

agricultural output was reduced by less than 30%. Though the agricultural sector faced 

contraction due to the widespread drought effects, it also created spill-over impacts on 

non-agriculture sectors by reducing employment in non-agricultural sectors.  

Pham et al. (2010) further examined the regional economic spill-over effects of 

climate change by adding the tourism dimension in the Australian-TERM model. This 

study clearly indicated the importance of considering the flow-on economic effect of 

climate change, without which the total impacts of climate change would be 

underestimated.  

Barbieri et al. (2010) developed the multiregional integrated IMAGEM-B model 

for Brazil to project the impacts of climate change on internal migration by 2050. The 

overall results showed strong linkages between agricultural production and migration 

across different regions in Brazil.  

Overall, these studies found that climate change, including sea level rise, has current 

and future negative impacts on agriculture productivity, implying overall agricultural 

production loss. Empirical studies based on the partial equilibrium model projected the 

short- and long-term impacts on agricultural impacts due to climate change across crop 

types, agro-ecological zones, and land use techniques. Empirical studies based on CGE 
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modelling studies projected the impacts of overall climate change on national GDP, real 

household consumptions, and sectoral outcomes across countries. As a result, in the long-

term subnational sphere, agricultural productivity loss due to climate change will have 

significant impacts, not only on a country’s overall economic growth, but also subnational 

diversity and poverty situations.   

3.3 REVIEW OF EMPIRICAL BANGLADESHI STUDIES 

This section examines the economic effects of climate change and sea level rise on 

crop productivity loss. The overall discussion is divided into two broad subsections. 

Subsection 3.3.1 reviews the empirical partial equilibrium studies focusing on crop 

productivity loss due to climate change indicators, such as changes in temperature, 

precipitation, and sea levels. The impacts of sea level rise also indicate land inundation 

and salinity intrusion. The key features and the results of selected partial equilibrium 

studies are summarised in Table 3.1. Subsection 3.3.2 then reviews the Bangladeshi CGE 

studies, particularly regarding climate change impacts.  

3.3.1 Comprehensive Literature Survey on Impacts of Climate Change on 

Agriculture in Bangladesh  

3.3.1.1 Impacts of Sea Level Rise on Bangladeshi Agriculture  

A study by Huq, Ali, and Rahman (1995) used topographical maps and data to 

project that 1m of sea level rise had the potential to inundate around 17.5% (25,000 km2) 

of existing coastal land area. This total land area included roads and railways of around  

800 km and 28 km, respectively. Moreover, the Khulna district was found to face the 

highest potential inundation at 38.69%, followed by 26.19% in Barisal, 16.26% in 

Patuakhali, 10.91% in Noakhali, and 3.96% in both the Comilla and Faridpur districts. A 

16% rice crop loss out of the total national rice production was also projected, with more 

than 1.2 million ha of wheat producing land likely to be inundated due to a one-metre sea 

level rise for Bangladesh. 



49 

 

Milliman, Broadus, and Gable (1989) estimated the impact of sea level rise on the 

Bengal delta for different sea level rise scenarios by the years 2050 and 2100. The results 

indicated that the maximum amount of habitable land loss would temporarily be 18% and 

34%, with a corresponding 13% and 31% loss of GDP due to 2m and 4m of sea level rise 

by the end of the 21st century (Milliman, Broadus, & Gable, 1989). Sarwar and Khan 

(2007) reviewed the impact of sea level rise for Bangladesh using secondary sources and 

found that a sea level rise of around 1m would have a significant impact on the coastal 

economic livelihood structure, as well as ecological conditions.  

Using the GIS model, Dasgupta et al. (2011) estimated that the potential amount of 

cropland inundation for the whole of South Asia was likely to be 10.7% out of 17.7% of 

the total available land due to a one-metre sea level rise. The study specified Bangladesh’s 

position within the list of the top ten most vulnerable developing countries in terms of 

GDP loss and agriculture loss. The country’s vulnerability indexes for GDP and 

agriculture would increase by 193.6% and 209.5% with one metre of sea level rise 

compared to the existing climatic conditions. 

Another study by Mohal & Hossain (2007) used the MIKE estuary, scientific 

model, to estimate the potential amount of coastal land loss due to coastal mean sea level 

rise and tidal flooding. According to the study results, the total temporarily inundated 

areas are likely to increase by 18,007, 18,659, and 20,356 square kilometres with 15cm, 

27cm, and 62cm of sea level rise according to the A2 SRES scenarios by 2030, 2050 and 

2080 respectively.  

 Yu et al. (2010) considered the amount of future potential crop loss to be a fraction 

of the total loss of land and estimated the changes of total crop production to be in between 

-35 to -40% for the Khulna region (district) from the baseline period of 1970-1999 with 

maximum of 62cm of potential sea level rise. The Patuakhali and Khulna regions were 
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likely to experience a great amount of crop loss by 2050 due to the additional vulnerability 

of sea level rise (Yu et al., 2010). Furthermore, Chen et al. (2012) projected the percentage 

loss of rice cropland are likely to be approximately 0.54%, 1.25%, 2.77%, 5.33%, and 

8.34%, respectively by 2030 corresponds to different one to five meters of rising sea 

levels. 

Another study by A. Haque and Jahan (2013) used field survey data to determine 

the potential amount of Aman rice crop loss in the Barisal district (see Table 3.1). It was 

predicted that the amount of Aman rice yield loss was likely to be 93,864, 1,607,176, and 

9,155,326 kg as the proportion of irrigable land loss due to sea level rise at below one 

metre, in between one metre to 3m, and greater than 3m by 2050, respectively. Therefore, 

given the current level of technology, a production loss of 10,856 tons of Aman rice 

production would be lost in future (A. Haque & Jahan, 2013). A similar survey conducted 

by Rabbani, Rahman, and Mainuddin (2013), along with focus group discussions and in-

depth interviews with 360 farming households in four villages analysed the impacts of 

salinity on rice production as a results of cyclone Ayla in 2009 in the Satkhira district, 

and determined that farmers in the Satkhira district would completely lose Aman rice 

production, even with adaptation strategies in that year.  

A report by Ahmed, M., & Suphachalasai, S, (2014) used a physical impact 

assessment model to estimate the potential amount of land inundation due to a one-metre 

sea level rise. According to the study results, the potential amount of permanent and 

temporary inundated area was likely to be 808km2 (0.58%) and 20,089km2 (14%) in 

Khulna and the greater Dhaka divisions in Bangladesh. Moreover, a one-metre sea level 

rise was likely to pose a significant potential threat of land inundation for Bangladesh and 

other developing countries. 

 Furthermore, a very recent study by Payo et al. (2017) developed a regional soil 

salinity model to assess the long-term changes to agricultural lowlands in coastal 
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Bangladesh. Using their proposed simulation model, the researchers were able to project 

regional soil salinity in addition to reasonable comparisons being made to salinity 

projections from other studies of Bangladesh to efficiently observe even daily variations 

of soil salinity under different climate scenarios.  

Habibullah, Ahmed, and Karim (1999) estimated the total loss of rice production 

due to various levels of soil salinity by using the model based on time series data for 

coastal Bangladesh. The total loss of rice production was determined to be 271,940.8 and 

658,344.4 tonnes under moderate and high soil salinity levels, respectively. However, 

even under the full adaptation scenario, the total loss would be 112,895.4 tonnes and 

331,767.4 tonnes, respectively. A report by the World Bank (2000) also suggested that 

the increased level of salinity due to sea level rise would decrease rice production by 0.5 

metric tonnes.  

A review study by Faisal and Parveen (2004) focused on agricultural losses due to 

different indicators of climate change, including both land inundation and salinity due to 

sea level rise. It was projected that the total losses of total rice production due to moderate 

impacts of inundation and salinity intrusion were likely to be 1,340,000 tonnes and 

272,000 tonnes by 2030. However, the losses would increase by 1,633,000 tonnes and 

443,000 tonnes due to the severe impacts of land inundation and salinity intrusion. Both 

Aus and Aman rice productions were also found to be affected due to salinity intrusions, 

while zero paddy production would be experienced with salinity higher than 2ds m.-1, 

even in the Aus and Aman seasons. 

 Ali (2006) estimated that around -22.5% and  -35.0%  of Aman and Boro rice yields 

had already declined between 1985 and 2003 due to extreme saline and acidic soils in the 

Damarpota village. One of the key reasons was the transformation of 79% of the rice 
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fields to shrimp ponds between 1985 and 2003 and the continuation of the practice of 

brackish shrimp farming. 

M. H. Rahman et al. (2011) investigated salinity effects, particularly on overall 

agro-biodiversity, in three coastal rural villages using the participatory rural appraisal 

methods including transect walks, group discussion, key informant interviews, and 121 

personal interviews of Bangladesh. According to the results, increased salinity had a 

significant negative impact on the overall agro-biodiversity of Bangladesh. Furthermore, 

the traditional good quality varieties of rice had already decreased from 17 to zero, 12 to 

nine, and 15 to two between 1975 and 2006, along with their respective quantities around 

the coastal villages.  

Dasgupta et al. (2017) used the econometric model to estimate the economic 

impacts on soil salinity for the Barisal and Chittagong regions for the salinity level of 

4decisiemens per meter before 2050. Overall, the study projected output declines of 

15.6% in nine subdistricts that crossed the 4 ds/m salinity threshold before 2050. 

Moreover, 7.7% and 5.6% losses of a high yielding variety of rice production were also 

projected in the Barisal and Chittagong regions, respectively without any adaptation 

actions. 
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Table 3.1: Comprehensive Literature Survey on Climate Change and Sea Level Rise (SLR) Impacts on Bangladeshi 

Agriculture* 

Source Temperature 

and 

Precipitation 

Changes 

SLR Methods for 

Preparing 

the Crop 

Productivity 

Loss 

Region 

Within 

Bangladesh 

Crops Crop Loss  

Ahmed, M., & 

Suphachalasai, S. 

(2014) 

2030: 1.90 C  

2050: 2.50 C  

2080: 4.20 C  

 

1m DSSAT 

crop model. 

Khulna 

division(1), 

 

Barisal 

divion (2), 

 

Chittagong 

division (3) 

Rice 

Aus (a) 

 

 

Aman(b) 

 

 

Boro(c ) 

2030(%): 

1(a,b,c)= -2.8,-2.6,-2.2 

2(a,b,c)= -3.3,-3.0,-2.6 

3(a,b,c)=-5.3,-4.9,-4.6 

2050(%): 

1(a,b,c)=-6.2,-5.6,-4.9 

2(a,b,c)=-7.1,-6.8,-6.4 

3(a,b,c)=-16.5,-15.2,-13.9 

2080(%): 

1(a,b,c)=-14.0,-13.2,-12.3 

2(a,b,c)=-16.5,-15.2,-13.9 

3(a,b,c)=-21.2,-19.9,-18.6 

Chen et al. (2012) 2040: 10 C: 

(base year:  

1980-2000) 

1m to 5m Spatial 

equilibrium 

models 

National  Rice 10 C  : 2% 

SLR: 1m: -0.50% 

SLR: 5m: -7% 
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Source Temperature 

and 

Precipitation 

Changes 

SLR Methods for 

Preparing 

the Crop 

Productivity 

Loss 

Region 

Within 

Bangladesh 

Crops Crop Loss  

Yu et al. (2010) 2030: 1.10 C  

2050: 1.60 C  

2080: 2.60 C 

(base line 

priod 1970-

1999): 

 

15cm, 

27cm, 

and 62cm 

CERES 

crop model 

16 regions 

including 

coastal 

regions 

Rice 

 

Aus 

Aman 

Boro 

Wheat 

2030-2050 

 

-0.27% to -1.52% 

-0.37% to -0.62% 

-3.06 % to -4.74% 

+2.05 %  to +3.44% 

 

2080 (SLR): 

62cm: 40% (Maximum total crop loss) 

 

IFPRI (2013) 2050: 

0.3 C to 2.6 

C daily(base 

year: 2000) 

NA DSSAT 

crop model 

National Rice 

Wheat 

Maize 

Sugarcane 

-6.6% --7.5% 

-18.7%--20.4% 

-1.4%--2.8% 

-10.6% 

 

 

Knox, Hess, 

Daccache, and 

Ortola (2011) 

2020 

2050 

2080 

NA Review National Rice 

 

Wheat 

 

-5% to -10% 

(2020- 2080) 

35% (2050) 
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Source Temperature 

and 

Precipitation 

Changes 

SLR Methods for 

Preparing 

the Crop 

Productivity 

Loss 

Region 

Within 

Bangladesh 

Crops Crop Loss   

A. Haque and 

Jahan (2013) 

2030: 1.90 C  

2050: 2.50 C  

2080: 4.20 C  

2030:<1m 

2050:1m-

3m 

2080:>3m 

Farm level 

survey 

Barisal 

district 

 

 

Aman Rice 

2050(SLR) 

 

<1m: 93,864kg 

1m-3m: 

1,607,176kg 

>3m: 

9,155,326kg 

 

        

Hertel et al. 

(2010) 

2030 NA Prepared 

the crop 

productivity 

loss based 

on literature 

National Rice 

Wheat 

Oilseeds 

Grains 

Sugar 

Cotton 

Other 

crops 

 

  Low 

10 

-10 

-10 

-17 

0 

-10 

-10 

Medium 

-3 

-3 

-3 

-10 

0 

-3 

-3 

High

4 

4 

4 

-3 

0 

4 

4 

Faisal and Parveen 

(2004) 

330ppm C02 

+ 40 C at 

base year 

1990 

 

2050: 

50cm -2m 

 

Review National Rice 

Wheat 

 

                                              

 

 8% 

32% 
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3.3.1.2 Impacts of temperature, precipitation changes on Bangladeshi 

Agriculture 

A number of empirical studies have also assessed the impacts of temperature, 

precipitation, and carbon fertilisation on crop productivity (for example, Ahmed, M., & 

Suphachalasai, S., 2014; Cline, 2007; Kabir, 2015; Knox et al., 2011). 

Cline (2007) provided an overall estimation of potential losses of agricultural 

production across different countries, including Bangladesh. According to the study 

results, the overall range of potential crop loss was likely to be between -10% and -25% 

by the end of the 21st century (impacts are highlighted in Table 3.2). The percentage of 

the changing outcomes of overall crop production change corresponding to different 

bases of estimation as the percentage of the changing potential losses of crop output 

according to different model estimations were likely to be 14.3%, 25.3%, 21.7%, and 

9.9% respectively.   
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Table 3.2: Estimates of the Impact of the Baseline Global Warming by the 2080s on Bangladeshi Agriculture 

Farm Area 

(1000 

hectares) 

Output Per 

Hectare Dollars 

(2003) 

Output in 

Millions of 

Dollars 

(2003) 

Impact Without Carbon 

Fertilisation 

Preferred Estimates  Change in Output (Millions of 

2003 dollars) 

Ricardian 

(%)/basisa 

Crop Models 

(%)/grouping 

Without 

Carbon 

Fertilisation 

(%)/basisc 

With Carbon 

Fertilisation (%) 

Without 

Carbon 

Fertilisation 

With Carbon 

Fertilisation 

8,429 1,355 11,421 -14.3/1 -25.3/15 -21.7/2 -9.9 -2,475 -1,133 

Source: (Cline, 2007, p. 67), Note: Basisa 1= on the basis of Mendelsohn-Schlesinger, Groupings 15 = number refers to grouping in the table, Basisc 2= 1/3 weight Ricardian 
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Chen et al. (2012) used the rice trade spatial equilibrium model to investigate the 

impact of climate change on the global rice market scenario, and found that; overall, the 

world’s total rice production was likely to reduce by 3.29% to 4.17%, with average price 

increases of 17.06% to 21.9% respectively by 2030. The average global market price of 

rice would increase by 21.91%. For Bangladesh, the total crops were likely to be reduced 

by 2% at the median level of temperature and precipitation changes by the year 2030 (see 

Table 3.1).  

Knox et al. (2011) reviewed the impact of climate change on the productivity of 

eight major crops in developing countries within Africa and Asia. The overall mean 

reduction of crop yields was likely to be 8% due to climate change; however, the impacts 

might vary across varieties of crops and across different countries. Among South Asian 

countries, the possible rice yield loss in Bangladesh was likely to be 5%, 6.5%, and 10% 

by the years 2020, 2050, and 2080 respectively. However, in the case of wheat production, 

the potential crop productivity loss was likely to vary up to 35% by the 2050s.  

As mentioned in Subsection 3.3.1.1, Faisal and Parveen (2004) also investigated 

the potential impacts on total rice and wheat production according to the potential changes 

in temperature, as well as carbon emission scenarios. For example, total rice productions 

were projected to increase by 32% if the combination was 660 ppm CO2 + 2°C from the 

base year 1990. However, if the combination were 330ppm CO2 + 4°C, then the loss 

would be 28%. The maximum losses of wheat production were projected to be up to 68% 

with the combination of 330ppm CO2 + 4°C. Overall, the results imply that wheat 

production is likely to be more vulnerable to temperature increase than rice, and higher 

carbon fertilisation could possibly help to reduce the negative impact of high temperatures 

on crop production.  
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Angus et al. (2009) developed an agent-based model using heterogeneous agents to 

show the impact of climate change on the interaction of economic, social, environmental, 

and political concepts. The comparatively newly developed model was heavily based on 

computer programming and by making precise interactions among the agents within the 

economy (Angus et al., 2009). Furthermore, Kobayashi and Furuya (2011) employed the 

“supply-demand economic model” for rice to measure the impact of climate change on 

the food security of Bangladesh and found a negative relationship between temperature 

and rice production. However, this model was a partial equilibrium model and did not 

consider the market interactions within the economy. 

Yu et al. (2010) estimated the impact of climate change on rice and wheat 

production for 16 sub agro-ecological zones in Bangladesh using crop models. Both 

national and regional level rice and wheat crop production changes were estimated in this 

study. Though the production of wheat at its median level increased for both A2 and B1 

emission scenarios nationally, all types of rice were shown to decline by 2030 and 2050.  

Ruane et al. (2013) extended the previous study and estimated the impacts on rice 

and wheat yields for 16 subregions within Bangladesh using an extension of the 

biophysical crop models for the year 2050.  According to the study results, the national 

level crop production losses are likely to be an average of 2% for rice and 0.2% for wheat 

while averaging the A2 and B1scenarios. However, the Khulna region was likely to face 

a large amount of year-round crop production with median changes to all climate 

variables, including sea level rise. The production losses were 10.5% for Aus rice, 10.8 

for Aman rice, 20.8% for Boro rice, and 12.6% for wheat production.   

IFPRI (2013) used crop modelling to estimate the impact of climate change on rice 

production for 2050 up to the divisional level. The results of potential crop loss varied 

according to the projection from different climate models. The overall range of potential 
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changes of temperature for 2050 was found to be 0.3° C to 2.6° C daily for the warmest 

month of the year from the year 2000.  

A recent study by Kabir (2015) utilised a CERES rice model and a DSSAT 

modelling system to identify the impacts of climate change on different rice varieties. The 

results predicted a significant reduction in rice yields from 20% to 50% by the years 2050 

and 2070, respectively. Moreover, the south-western zones were found to be more 

vulnerable due to different climatic impacts compared to the other parts of the country. 

The key responsible factors for climate change were increases in maximum and minimum 

daily temperature (primary reason), and variations in rainfall. However, increases in the 

incoming solar radiation and atmospheric carbon-dioxide concentration increased the rice 

yields to some extent; however, their negative effects were not as significant compared 

to the negative effects on temperature.  

In summary, all of the above studies determined that climate change has current and 

future negative impacts on agriculture. Moreover, water and soil salinity intrusion due to 

sea level rise has already reduced the overall crop production greatly in coastal regions 

of Bangladesh. Though many recent studies projected the regional level economic 

impacts of climate change and soil salinity for the coastal Barisal, Chittagong, Dhaka, 

and Khulna regions, the most important spill-over economic impacts across the regions 

expected to be caused by climate change were not captured by these studies.   

3.3.2 CGE Literature in Bangladesh 

CGE models have been used to analyse a wide range of policy issues in Bangladesh 

since the late 1980s (for example, Keyzer, 1986), and there are a large number of such 

CGE studies in the literature. Among these studies, a limited number of studies have also 

attempted to examine the impacts of climate change using CGE models. Although a 

number of studies have concentrated on the direct impacts of sea level rise on paddy rice 
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and wheat production, only a few have focused on the indirect economy-wide impacts of 

sea level rise. Table 3.3 summarised the models and model results.   

Table 3.3: Empirical CGE Modelling Climate Change Studies in Bangladesh 

Authors 

CGE 

Models 

Agricultural 

Productivity Loss  

Key Results Limitations 

(Yu et al., 

2010) 

 

 

Dynamic 

closed 

economy 

model. 

Rice and wheat 

production loss 

were projected 

using crop 

models due to 

temperature and 

precipitation 

changes, carbon 

fertilisation, 

floods changes, 

and sea level rise. 

 

Agricultural GDP 

loss was likely to be 

US$ 26 billion 

during the period 

2005-2050. 

 

Per capita 

consumption 

decreased across all 

regions. 

Interregional trade was 

not considered. 

Therefore, spill-over 

effects from coastal to 

non-coastal regions 

were not estimated. 

Salinity intrusion 

induced crop 

productivity loss was 

not included. 

 

(Thurlow, 

Paul, et al., 

2012) 

Dynamic 

recursive 

model. 

1. Different rice 

types, such as 

Aus, Aman, and 

Boro) and wheat 

crop productivity 

loss was utilised 

in national crop 

production under 

A2, B1, and A2 

and B1 SRES 

scenarios.  

 

Did not 

separately 

calculate the sea 

level rise induced 

land inundation 

shocks. 

 

The loss of annual 

growth rate of 

agricultural GDP 

was expected to be 

approximately 0.1 

percentage points 

due to climate 

change. 

 

Total GDP was 

expected to be 

lowered by 1% due 

to climate change 

scenario by 2040. 

No bottom-up 

typeregional model. 

Therefore, 

interregional trade was 

not considered across 

districts.  

 

Salinity intrusion 

induced crop loss was 

not included.  

 

 

 

(Ahmed, M., 

& 

Suphachalasai, 

S., 2014) 

Dynamic 

national 

model, 

namely 

BGDDYN 

model 

Rice yields loss 

and land supply 

loss were utilised 

due to 1m sea 

level rise.  

Real GDP of 

Bangladesh 

predicted to fall by 

0.73% and 0.93% by 

2030 and 2100.  

Only sectoral level 

results were presented, 

not the regional results 

within Bangladesh. 

 

S. Paul (2017) 

 

National 

Comparative 

Static Model  

1.  

2. High, medium 

and low crop 

productivity loss 

for paddy, wheat, 

oilseeds, grains, 

cotton, others. 

National real GDP 

losses were likely to 

be by 1.36% to -

3.50% due to low to 

high scenarios.   

 

Only national 

economic impacts were 

projected.  

Source: Based on literature survey/author’s own compilation 
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A recent study by Yu et al. (2010) estimated the indirect economic impacts of rice 

crop loss by employing a recursive dynamic country level CGE model. The predicted 

economic impact of the crop loss was the total annual loss in GDP, which was determined 

to be US$570 million over the years 2005-2050. In addition, the study employed a 

multiregional regional model to estimate the regional level results by disaggregating the 

national level results. However, interregional trade within the regions was not included 

in this study within Bangladesh. The study also assumed only one national price for all 

of the regions, ignoring the regional price effects of climate change and sea level rise (Yu 

et al., 2010). 

Subsequently, Thurlow, Paul, et al. (2012) used a recursive dynamic CGE model 

by including both within and between period equations to estimate the climate impact 

assessments. The result depicted that the average growth rate of Boro rice would fall by 

0.2 percentage points by 2050 compared to the base year of 2005. Moreover, the total 

GDP would be 1% smaller under the climate change scenario by 2040 and the discounted 

cumulative value-added loss would be US$25.7 billion for 2005-2050. However, the key 

limitations of that study are: first, all of the results were at a national, not regional level. 

Second: it only focused on agricultural loss due to sea level rise and did not consider any 

coastal infrastructure loss. Finally, it was difficult to differentiate how much climate 

impact was due to the baseline choice scenario and how much was due to climate change 

projections, as it used the stochastic baseline scenario.  

A recent report by Ahmed, M., & Suphachalasai, S., (2014) applied the dynamic 

CGE model for Bangladesh and the static model for all South Asian countries to project 

the impact of climate change for 2100 under the IPCC A1F1 and A2 scenario. The results 

show that the percentage loss in real GDP would be 0.73 and 0.93 by 2030 and 2100 due 

to the land inundation by one metre of sea level rise. Moreover, the mean economic cost 

of climate change would be 2% of total GDP by 2100. However, this study only 
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considered the sectoral level, not the regional level CGE model within Bangladesh. It also 

only considered the national level land loss and not location specific land loss while 

projecting the economic impacts of sea level rise. 

A recent study by S. Paul (2017) analysed the economic impacts of climate change 

by applying a national CGE model for Bangladesh. The study conducted three 

simulations based on three scenarios: high, medium, and low, with zero to -17%, 0 to -

10%, and -3% to +4% national level crop productivity loss for the year 2030, respectively. 

Overall, the real GDP for Bangladesh was likely to decrease by -1.04% to -3.50% in the 

case of medium to high scenarios in the long run. However, real GDP might increase by 

1.36% for low productivity loss scenarios. Moreover, the key contribution towards the 

national real GDP loss was through household consumption, followed by real investment 

in the long run. At the sectoral level, both the manufacturing and service sectors were 

found to be likely to reduce output due to the spill-over impacts of agricultural loss in the 

long run.  

The above literature survey (see Table 3.3) of CGE models used to analyse the 

impacts of climate change in Bangladesh shows a minimal focus on regional level studies. 

In this realm of specifying CGE models with policy shocks, most projects relied on the 

national input-output model of Bangladesh. The national input-output table (1993-1994) 

has also recently been updated, based on the database, developed by Noman and Jong-

Hwan (2002). However, none of the studies was based on a set of regional input-output 

tables for different regions in Bangladesh. In addition to the above studies, only two other 

general equilibrium models have been used, as discussed below.  

D. Paul and Thurlow (2008) developed and reformatted the 2005 social accounting 

matrix of Bangladesh. The social accounting matrix is a database that includes data on 

national income, input-output (IO), and the monetary inflows between institutions. This 
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study extended the existing database by disaggregating: 1) the agriculture sectors, 

including more crops; 2) agricultural production and land markets for 64 districts, and 3) 

labour and capital markets across six divisions in Bangladesh. However, no simulations 

were undertaken.  

A report by the Bangladesh University of Engineering and Technology (2013) 

applied an IO model to analyse the national and divisional level impacts due to climate-

extreme events in Bangladesh. However, one of the key limitations of this model 

compared to the CGE model is that it is based on some unrealistic and limiting constraints 

(QLD Treasury, 2012). This model assumes that the industrial structure remains 

unchanged after an economic event, which is quite unrealistic. This model also does not 

support the supply side constraints and only the quantity variables are estimated, not the 

price variables.  

Several conclusions can be drawn from the existing Bangladeshi studies. First, 

some studies projected the impacts of climate change on Bangladesh national economy, 

as well as other trading partners of Bangladesh. Second, few studies focused on the 

regional impacts of temperature, precipitation, sea level rise inundation related crop 

productivity loss, as well as its economic impacts for agro-ecological regions of 

Bangladesh. Moreover, none of the existing studies developed a multiregional 

disaggregated model to particularly analyse the regional specific problems of climate 

change. Therefore, a detailed disaggregated regional level model is required to explore 

the region-specific shocks due to climate change and sea level rise within Bangladesh.  

Considering all of these limitations, this research aims to develop a detailed district-

level bottom-up CGE model to explore the spill-over economic impacts of climate change 

and sea level rise within Bangladesh. This study advances in other studies by measuring 

the impacts of salinity intrusion on agriculture up to the district level in Bangladesh. In 
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addition, a top-down model is also utilised to analyse the disparities across regions, in 

particular, those due to climate change induced crop productivity loss. 

3.4 EMPIRICAL STUDIES ON CLIMATE CHANGE ADAPTATION 

3.4.1 Comprehensive Literature Survey on Coastal Adaptation Strategies 

Existing adaptation strategies outside Bangladesh include using new crop varieties, 

choosing suitable crops, changing the cropping system, changing production time, better 

irrigation management or changing fertilisers, land management, adopting mixed crops, 

and income diversification through switching from on-farming to non-farming related 

activities (Abid, Scheffran, Schneider, & Ashfaq, 2015; Antwi-agyei, Stringer, & 

Dougill, 2014; Dumenu & Obeng, 2016; Esham & Garforth, 2013; Hisali, Birungi, & 

Buyinza, 2011; Landicho et al., 2016; Waha et al., 2013).  

According to Below, Artner, Siebert, and Sieber (2010), 104 different adaptation 

strategies are relevant to climate change adaptation, and these can be organised into seven 

categories: “farm management and technology”, “diversification on and beyond the 

farm”, “government interventions in infrastructure”, “health and risk reduction”, 

“knowledge management”, “networks”, and “governance”. Among the strategies, 

diversification of occupation includes either farm-related activities or non-farming related 

activities for improving livelihood conditions or for coping with climatic hazards. 

Shifting or diversifying occupation constitutes an important livelihood maintenance 

strategy for many developing countries.  

For example, people in different parts of Africa have been undertaking livelihood 

diversification strategies; transforming occupations from farming to on-farming or non-

farming activities is one of the common adaptation strategies for developing sub-Saharan 

African countries, such as Ghana and Nigeria (Antwi-agyei et al., 2014; Dumenu & 

Obeng, 2016) and Asian countries, such as Bangladesh and India (Deichmann et al., 
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2009). Rural farming households in Nepal have started engaging in other non-farming 

self-employment activities during periods of uncertain rainfall (Menon, 2009). Moreover, 

Skoufias et al. (2017) investigated the selection of occupations as an adaptation strategy 

for rural Indian households against rainfall variability. The results found that high rainfall 

variability pushes household members toward non-agricultural sectoral employment.  

3.4.2 Bangladeshi Studies on Coastal Adaptation Strategies 

A large body of literature has examined different adaptation strategies adopted by 

coastal farming households and explained them based on the type and purpose of the 

adaptation (Abedin & Shaw, 2013; Adri & Islam, 2012; Collins, 2014; Dev, 2013; Habiba 

et al., 2014; Pouliotte et al., 2009; Rashid et al., 2014; Rawlani & Sovacool, 2011; Uddin, 

Bokelmann, & Entsminger, 2014).   

According to Habiba et al. (2014), the available adaptation options for farmers can 

be explained through either institutional or self-motivational driven strategies. For 

institutional adaptation, the government of Bangladesh has undertaken action plans, as 

well as policy agendas as part of an institutional adaptation to reduce the effects of climate 

change on Bangladesh. In 2005, the central authority of Bangladesh launched the National 

Adaptation Programme of Action under the authorisation of UNFCCC (MOEF, 2005) to 

reduce the different climatic risks associated with different institutions.  

In regards to the community level, self-motivated or individual and community-

based adaptation strategies include changing cropping patterns, harvesting new crops, 

sowing season-specific seeds, and trying different fertilisers and pesticides (Collins, 

2014; M. A. Islam, Shitangsu, & Hassan, 2015; Pouliotte et al., 2009; Rashid et al., 2014). 

For example, farmers in two coastal villages of the Khulna district have altered their 

traditional rice farming practice by introducing salt-tolerant rice varieties, other 

vegetables, fish, and farming integration (Rashid et al., 2014). One of the common forms 

of adaptation strategies by resource-rich coastal farmers is to become involved in shrimp 
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cultivation as part of an autonomous adaptation strategy (Amoako Johnson, Hutton, 

Hornby, Lázár, & Mukhopadhyay, 2016). Though the majority of the rich farmers are 

already involved in profitable shrimp cultivation, poor farmers are unable to adapt to this 

profitable option due to constraints in resources, such as financial resources, the amount 

of agricultural land, and institutional access facilities (Amoako Johnson et al., 2016; 

Brockhaus, Djoudi, & Locatelli, 2013).  

Based on livelihood diversification, Collins (2014) classified micro-level livelihood 

adaptation options as “reactive” or “proactive” strategies10. Although the livelihoods of 

the villagers in Pan-Patti union villages in the Patuakhali district primarily depend on 

agriculture and fishing, rural households try to undertake different income-generating 

activities in addition to agriculture, as these initiatives help them to diversify their income 

portfolio. For example, resource-poor farmers in flood-prone coastal and other districts 

are practising soil-less “floating garden” techniques as an employment option (Dev, 

2013). In line with this, Rashid et al. (2014) found that farmers in the Khulna district had 

already increased their involvement in other secondary non-farm activities after being 

affected by cyclone Ayla in 2009.  

3.4.2.1  Determinants of Coastal Bangladeshi Adaptation Strategies  

In past years, a trend in literature has developed related to changes of occupation 

from farm-related to non-farm related activities, along with determining factors and their 

impacts on reducing poverty and improving the development of Bangladesh 

(Bandyopadhyay & Skoufias, 2015; Deichmann et al., 2009; Sen, 2003).  

                                                 

10 According to Collins (2014), for reactive strategies, extra costs are often spent by farmers in order to 

adjust to the livelihood conditions against onset climatic disasters; whereas proactive strategies imply 

innovative ways of livelihood adaptation in order to maintain the long-term protection from climatic events 

despite using limited resources. 
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According to Sen (2003), a group of rural households had diversified their 

occupation using multiple strategies, such as crop intensification, agricultural 

diversification, off-farm activities, and migration during the period 1987-2000. It was 

found that from a total of 379 rural households, the proportion of the labour force 

primarily employed in agriculture in Bangladesh had decreased from 69% to 51% during 

1987-2000. Similarly, the proportion of the workforce employed in the non-agricultural 

sector had increased from 36% to 61% for ascending or resource-rich households, from 

23% to 38% in the case of the chronically poor, and from 26% to 35% for descending 

households.  

Furthermore, Deichmann et al. (2009) found that the key determinants behind 

shifting occupation from farming to non-farm activities were the household head’s 

characteristics, such as age, education, the household size, gender, and institutional 

access, such as credit and loan facilities. Moreover, access to major urban centres was 

significant for involvement in high return non-farm activities.  

A recent study by Bandyopadhyay and Skoufias (2015) focused on the occupation 

selection between farm and non-farm activities in rural subdistrict level households in 

Bangladesh. By employing the household level survey, this study showed that occupation 

diversification comes at a cost in regards to lower household level welfare. The overall 

analysis suggested that poor people were pushed to maintain a diverse employment 

portfolio against the local rainfall variability risks.  

In recent years, there has also been a growing tendency among young farmers to 

either shift occupation from farming to non-farming activities or migrate to other parts of 

Bangladesh in order to combat the problem of salinity and to improve livelihood 

(Khanom, 2016). In line with this, occupations undertaken by coastal households vary 

greatly depending on household types, salinity impacts, and connection with a regional 

centre (Williams et al., 2016). Landless farmers are either migrating daily or looking for 
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non-farm work opportunities depending on the extent of salinity impacts and connections 

with the regional centre. Though the determinants behind choosing different adaptation 

strategies vary from one strategy to another (S. K. Paul & Routray, 2011), the 

determinants behind choosing different adaptation strategies generally include occupation 

diversification options, and can be broadly categorised as follows: 

 Household and farm characteristics, such as household head’s age, gender, 

education level, farm holding size (Abdur Rashid Sarker, Alam, & Gow, 2013; 

Alam, Alam, & Mushtaq, 2016; S. K. Paul & Routray, 2011; Uddin et al., 

2014); 

 The extent of climatic hazards, including salinity problems or the extent of 

drought (Alauddin & Sarker, 2014; Saroar & Routray, 2012); and 

 Institutional variables, comprising access to credit facilities, local government 

help, and local non-governmental organisation assistance (Alam et al., 2016; 

Uddin et al., 2014). 

Saroar and Routray (2010) mentioned that climate awareness, education level, 

nature of employment, and past event experiences were the significant determining 

factors behind choosing adaptation strategies; whereas age, gender, and distance from 

home to coasts were insignificant factors. Furthermore, Saroar and Routray (2012) 

extended the findings of their previous (2010) study by adding the dimension of sea level 

rise as a factor other than crop loss and evidenced that all socioeconomic, demographic, 

and socio-cognitive factors could affect the ability of an individual to adapt to a situation. 

However, many studies have emphasised sociodemographic factors as part of determinant 

factors (e.g., Abdur Rashid Sarker et al., 2013; Alam et al., 2016; S. K. Paul & Routray, 

2011; Uddin et al., 2014). Similarly, traditionally practised adaptation options designed 
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to cope with cyclone or storm surge not only depend on the extremity of those events, 

along with any pre-warning systems, but also on the age, gender, social class, external 

assistance, and location of the affected communities (S. K. Paul & Routray, 2011). 

3.4.2.2  Impacts of Occupation Change on a Household’s Socio-Economic 

Conditions 

 Though one of the key purposes of adopting different adaptation strategies is to 

cope with climate variability and hazards, adaptation strategies can also be part of the 

development process by improving people’s livelihood and socio-economic conditions. 

A group of international and Bangladeshi researchers have commonly suggested, and 

argued about, mainstreaming adaptation along with the nation’s development (Ayers, 

Huq, Faisal, & Hussain, 2014; Bose, 2016; Khan, Ramachandran, Usha, Punitha, & 

Selvam, 2012; Lemos, Lo, Nelson, Eakin, & Bedran-Martins, 2016; Webber, 2016). As 

an adaptation to climatic hazards is an urgent priority for every developing country, the 

objectives of mainstreaming should also focus on both national and sub-national priorities 

(Ayers et al., 2014). Moreover, it is also important to mainstream adaptation by improving 

people’s livelihood (Khan et al., 2012) and considering adaptation as part of other 

developmental preoccupations (Bose, 2016). However, the extent of the success of an 

adaptation strategy varies across a country, as well as the social structure within a country 

(Osbahr et al., 2010).  

While diversifying occupation from farming to non-farming activities during 1987-

1988 to 2000, the average income per person increased from US$156 to $216 in 

aggregate, which implies the country’s growth rate is 2.4% per year. Moreover, the annual 

growth of per capita income was approximately 0.4% of the poor households during the 

period (Arfanuzzaman, Mamnun, Islam, Dilshad, & Abu Syed, 2016). Although farmers 

in Bangladesh have been participating in different levels of adaptation options for many 

years, the profitability, effectiveness, and sustainability have not been well investigated 
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(Arfanuzzaman et al. 2016). According to Dev (2013), floating gardens, or soil-less 

agriculture adaptation options have become an increasingly popular and profitable 

employment option for farmers, particularly women farmers, in all districts facing 

waterlogged flood-prone areas such as the Jessore, Khulna, and Satkhira districts in 

Bangladesh. The monthly income of some farmers in the Sunamganj district has increased 

from US$12.02 to US$48.08 using such gardens (Pavel et al., 2014). In line with this, 

Pouliotte et al. (2009) found that the poor landless villagers of Subarnabad had improved 

their livelihoods by choosing diversified occupations as part of adaptation under the 

supervision of the NGO, ‘CARE’. According to Arfanuzzaman et al. (2016), the net 

profitability of adopting rice-prawn farming by Bagerhat coastal farmers was USD$22 as 

the return for investing $10, whereas the net return was only USD$2 for harvesting saline-

tolerant rice varieties. It seems that rice-prawn farming is one of the more profitable 

adaptations or employment options for resource-rich coastal farmers in Bangladesh.  

Several conclusions can be made by reviewing the adaptation studies for 

Bangladesh. First, ongoing and future locally led adaptation strategies are necessary, 

particularly for coastal farmers. Second, diversification of occupation seems a recent 

trend, particularly among non-migrant coastal resource-poor farmers in Bangladesh. Most 

importantly, diversifying occupation is also crucial to coping with the ongoing and 

potential impacts of salinity intrusion, but also to maintain or even improve household 

income. However, few studies have analysed occupation diversification as an important 

adaptation strategy for resource-poor farmers. Therefore, to broaden the horizon of 

adaptation related studies and to fulfil the research gaps in Bangladesh, this study 

particularly focusses on the determinant factors behind occupation diversification and the 

impacts of diversification on farming households’ income in Bangladesh. 
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3.5 SUMMARY 

This chapter demonstrated that assessing the impacts of climate change and the 

benefits of occupational adaptation have played an important part in the current literature 

on climate change. Although there is a growing body of literature on the topic in general, 

and related to Bangladesh in particular, little attention has been paid to examining the 

impact of climate change at a regional level within national economies. Assessing the 

impacts of climate change and salinity intrusion on agriculture at the regional level by 

using the regional economic modelling approach is a challenging task due to the lack of 

a required database for different regions in economies such as Bangladesh. As shown in 

the above review, a number of previous studies used a partial equilibrium modelling 

framework (e.g., Dasgupta et al., 2017; Huq et al., 1995; Ruane et al., 2013; Sarker, Alam, 

& Gow, 2012) or the general equilibrium model (e.g., Ahmed, M., & Suphachalasai, S, 

2014; D. Paul & Thurlow, 2008; Thurlow, Paul, et al., 2012; Yu et al., 2010) to attempt 

to project the economic impacts of climate change and sea level rise for Bangladesh. 

However, the lack of required district level databases and information on interregional 

trade made it difficult for modellers to develop multiregional models in order to capture 

the regional spill-over economy impacts allied with climate change impacts on 

agriculture. Moreover, none of the CGE modelling studies captured the disparities among 

Bangladesh regions due to climate change. As outlined in Chapter 1, the purpose of this 

study is to fill this literature gap and contribute to the literature by undertaking the 

challenging task of developing top-down and bottom-up regional CGE models for the 

Bangladeshi economy. The top-down model is well known for its ability to analyse 

regional impacts through national level climate change impacts; whereas the bottom-up 

model is well known for use in analysing regional level climate change impacts.   

Operating at the adaptation level, the overall literature about Bangladesh notably 

shows the importance of local adaptation strategies in order to adapt to the short- and 
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long-term impacts of climate change. Though a number of studies have analysed a 

number of different coastal adaptation strategies along with their determinants (e.g., 

Abedin & Shaw, 2013; Habiba et al., 2014; Shaw, Mallick, Islam, SpringerLink, & 

Springer, 2013), fewer studies have been based on livelihood related adaptations (e.g., 

Bandyopadhyay & Skoufias, 2015; Collins, 2014; Pouliotte et al., 2009). Therefore, the 

approach presented in this study aims to capture the importance of occupation adaptation 

amongst coastal farmers in Bangladesh.  
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Chapter 4: The Theoretical Structure of the 

Bangladesh Top-Down and 

Bottom-Up (BD-TERM) Models 

4.1 BACKGROUND 

As identified in the literature survey presented in the previous chapter, evaluating 

the impact of climate change at a regional level within a national economy is a challenging 

task, although it is important for a country like Bangladesh, which is highly vulnerable to 

climate change. In order to answer the research questions outlined in Chapter 1 and to fill 

the literature gaps identified in the previous chapter, both top-down and bottom-up 

models were developed for Bangladesh and applied in this study. This chapter provides a 

brief overview of the theoretical structure, along with the database construction of the 

regional top-down and bottom-up (hereafter referred as BD-TERM) general equilibrium 

models of Bangladesh. The top-down and the BD-TERM models are both single country 

regional comparative static computable 64 regions general equilibrium models for the 

Bangladeshi economy. The theoretical structure of the national Bangladesh model was 

based on the well-known Australian ORANI model, developed by Dixon, Parmenter, 

Sutton, and Vincent (1982) and Horridge, Parmenter, and Pearson (2000) and the BD-

TERM model was prepared based on the TERM (the Enormous Regional Model for 

Australia), developed by Horridge et al. (2005). Both the top-down and BD-TERM 

models illuminate the regional dimensions of the national model. Like the national 

ORANI and regional TERM models, both the top-down and BD-TERM models were 

formulated as a system of linear equations and solved using the GEMPACK software 

(Horridge & Pearson, 2011).  
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The following components were added to the top-down model to extend the 

Bangladesh national model: 

1. Adding regional data to disaggregate the national results across regions. 

2. Tracking the winning and losing regions by identifying the local and 

national industries of Bangladesh in the long run.  

The following components were provided by the BD-TERM model to add the 

regional dimension to the Bangladesh national model: 

3.  Preparing the input-output (I-O) tables for 64 regions of Bangladesh based 

on the national (I-O) table and regional database. This allowed for reducing the crop 

production for only coastal regions due to salinity intrusion on the basis of the different 

degree of sea levels. 

 4. Preparing the interregional trade matrix across different regions, which 

allowed the model to provide the economic impacts, not only for the affected regions but 

also other regions through spill-over impacts. 

This chapter is divided into two key parts. In Part 1, Sections 4.2 to 4.5 describe the 

theoretical descriptions of the top-down and the BD-TERM models for Bangladesh. 

Section 4.2 outlines the general background of the model. Section 4.3 presents the 

theoretical descriptions of the top-down regional model and its equations, while Section 

4.4 describes the theoretical aspect of the BD-TERM model along with the percentage 

form of equations. Section 4.5 briefly discusses the GEMPACK software. For Part 2, 

Section 4.6 describes the base year database construction for both top-down and BD-

TERM models. Subsection 4.6.1 outlines the basic structure of a typical computable 

general equilibrium (CGE) modelling. Subsections 4.6.2 and 4.6.3 describe the 

Bangladesh national database for the year 2011 extracted from the GTAP database, 
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followed by a description of preparing the regional district level database for the top-

down model. Subsection 4.6.4 discusses different stages of preparing the BD-TERM 

model database. Finally, Section 4.7 provides a summary of this chapter. 

4.2. GENERAL BACKGROUND OF THE MODEL   

Two comparative static regional CGE models were developed for this study, 

following the tradition of applied general equilibrium (Dixon et al., 1982), although the 

bottom-up model is precisely based on the Australian multiregional TERM model, 

developed by Horridge et al. (2005). As in any generic CGE model, producers are 

assumed to maximise profits subject to resource constraints and consumers are assumed 

to maximise utility subject to budget constraints. Other than any regional specific model 

assumptions, the overall regional model also follows neoclassical assumptions: 

consumers, producers, and other agents in the market are price takers; all markets are 

assumed to be in equilibrium at all times, export demand is negatively related to export 

prices, and household numbers are exogenously determined in the model.  

The database preparation of both the Bangladesh top-down and the BD-TERM 

models began with 57 commodities, 57 industries, and 64 regions, three factors (land, 

labour, and capital), one household, and two occupations (skilled and unskilled labour) 

groups. However, for simulation purposes, the top-down model database was aggregated 

for 64 regions and 17 commodities and 17 industries11. The BD-TERM was aggregated 

into two versions. An aggregated model for 64 regions, 25 commodities, and 25 industries 

was used in order to prepare the crop productivity shocks. For final simulation purposes 

and to analyse the simulation results around the coastal and non-coastal regions, the 

model database was further aggregated into 12 regions, 25 commodities, and 25 

industries. The national model comprised of the nested constant elasticity of substitution 

                                                 

11 To simplify, the manufacturing, mining, and service sectors were aggregated in this model. 
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(CES) functions for both specifying the production technologies and also specifying the 

consumer demand for final goods and services. National households, investors, 

government, and the rest of the world were the final demander users in the model. Total 

production was based on intermediate inputs and the primary factors of production. 

Primary factors of production consisted of land, labour, and capital, and were aggregated 

through CES functions in the model. Labour in the model was also categorised into skilled 

and unskilled types. For the BD-TERM model, each region acted as an independent 

economy, where the CES specifications were applicable for both regional production and 

consumption. In addition, the regions were also interconnected through interregional 

trade. Thus, the demand for a single commodity was sourced from other regions of the 

country through the combination of CES and Leontief functions.  

 A top-down model was used to answer the first research question. The following 

are the key advantages of using the top-down model while analysing national to regional 

results: 

1. In general, the top-down model is able to produce regional level disaggregated 

results from the national level results by using a very reasonable amount of regional data 

and few technical details compared to the bottom-up model. Thus, even without the 

detailed regional data, the model will be able to analyse the regional level results. 

2. The top-down model is also well known for analysing the impacts of national level 

shocks on the regional economy.  

 This method has been widely used by other authors worldwide (for other 

applications see Butt and Bandara (2009); Dixon, Rimmer, and Tsigas (2007); and 

Naranpanawa and Arora (2014)).  
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According to Dixon et al. (2007), “[The] Top-down model is most suitable for 

analysis of national policy changes (such as the removal of tariffs and quotas) that could 

be expected to have little effect on the relative costs of sourcing commodities from 

different regions” (p. 53).   

Therefore, a top-down model was used to analyse the impacts of climate change on 

the regional economies of Bangladesh to determine whether national agricultural 

production will be affected due to climate change.  

4.3 TOP-DOWN REGIONAL MODEL FOR BANGLADESH 

The regional disaggregation of the top-down model was based on the ORANI 

Regional Equation System12 (Dixon et al., 1982). The ORANI Regional Equation System 

is based on a technique developed by Leontief, Morgan, Polenske, Simpson and Tower 

(LMPST, 1965) to disaggregate the results of the national input-output model into 

regions. The LMPST approach is based on the following technical assumptions. First, 

there is no technological difference amongst the industries in each region. Secondly, each 

region contains two types of commodities; “local” and “national”. The local commodities 

are produced and sold within the local region. In any region, the output of local 

commodities can be adjusted to satisfy the intermediate and investment demand by other 

industries along with household demand within that region. The national commodities are 

those for which the regional output expands in accordance with the national output. 

Finally, the regional pattern of production is independent of the regional pattern of 

demand for national commodities (Dixon et al., 1982). The top-down model is the 

regional disaggregation from the national Bangladesh model, based on the ORANI 

model. Therefore, the linear form of the model description is also organised around the 

                                                 

12 ORES model techniques are based on the well-known model developed by Leontief et al. (1965) in order 

to disaggregate the national results to regions. 
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TABLO language (Dixon et al., 1982). The TABLO language is able to convert the 

conventional algebraic form of equations to the suitable naming systems for the 

GEMPACK software. TABLO codes consist of a number of excerpts, tables, and figures. 

Though this study only elaborates on the detailed TABLO codes for the models, the codes 

are provided as required to demonstrate the equation systems throughout this chapter.   

4.3.1 Dimensions of the Top-down Model 

The Bangladesh top-down model consists of 17 industries, which produce 17 

commodities. The following excerpt, 4.1, represents the set names, as well as the 

dimensions of the Bangladesh top-down model. For instance, ‘𝑐’ refers to commodities. 

These are listed under ‘𝐶𝑂𝑀17’ and ‘𝐼𝑁𝐷17’ statements respectively under the ‘𝑆𝐸𝑇’ 

statement given in Excerpt 4.3 of the TABLO code of the model. As this model is regional, 

the set ‘𝑅𝐸𝐺’ refers to the regions name (can also be mentioned as ‘𝑟’). According to the 

model, all commodities can be sourced through two sources, such as locally produced 

commodities from local industries and nationally produced commodities produced from 

national industries listed under ‘LOCCOM’ and ‘𝑁𝐴𝑇𝐶𝑂𝑀’. Two occupation groups are 

listed under the ′𝑂𝐶𝐶′ statement (can also be mentioned as  ′𝑜′), i) unskilled labour and 

ii) skilled labour. In addition, ′𝑇𝑅𝐴𝐷𝐸𝑋𝑃′ denotes a set of traditional export commodities 

(refer to Excerpt 4.1). Furthermore, the ‘𝑀𝐴𝑅′ set refers to the margin industries (also 

denoted as ′𝑚′). 
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Excerpt 4.1: Top-down Model Sets and Subsets  

Set                                                                  

 REG # Regions # 

(Bagerhat, Chuadanga, Jessore, Jhenaidah, Khulna, Kushtia, Magura, Meherpur, 

Narail, Satkhira, Bogra, Joypurhat, Naogaon, Natore, Chapainababganj, Pabna 

Rajshahi, Sirajganj, Dinajpur, Gaibandha, Kurigram, Lalmonirhat, Nilphamari,, 

Panchagarh, Rangpur, Thakurgaon, Habiganj, Maulvibazar, Sunamganj, Sylhet, 

Barguna, Barisal, Bhola, Jhalokati, Patuakhali, Pirojpur, Bandarban, Brahmanbaria, 

Chandpur, Chittagong, Comilla, Cox's Bazar, Feni, Khagrachhari, Lakshmipur, 

Noakhali, Rangamati, Dhaka, Faridpur, Gazipur, Gopalganj, Kishoregonj, Madaripur, 

Manikganj, Munshiganj, Narayanganj, Narsingdi, Rajbari, Shariatpur, Tangail, 

Jamalpur, Mymensingh, Netrakona, Sherpur);    

 

Set                                                                  

COM(17) # Commodities #  

(Paddy rice, wheat, other cereal grains, vegetables, fruits, nuts, oilseeds, sugar cane, 

plant-based fibres, other crops, cattle, sheep, goats, other animal products, raw milk, 

wool, silk-worm cocoons, forestry, fishing, mining, manufacturing, services); 

 

Set  

IND(17) # Industries #  

 (Paddy rice, wheat, other cereal grains, vegetables, fruits, nuts, oilseeds, sugar cane, 

plant-based fibres, other crops, cattle, sheep, goats, other animal products, raw milk, 

wool, silk-worm cocoons, forestry, fishing, mining, manufacturing, services); 

 

Set  

LOCCOM # Local Commodities # 

(Paddy rice, wheat, other cereal grains, vegetables, fruits, nuts, oilseeds, sugar cane, 

plant-based fibres, other crops, cattle, sheep, goats, other animal products, raw milk, 

wool, silk-worm cocoons, forestry, fishing, mining); 

 

Set  
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NATCOM = COM - LOCCOM # National Commodities # 

(Manufacturing, services); 

Mapping MCOM from COM(57) to COM(17); 

 

Set  

LOCIND = LOCCOM intersect IND # Local Industries # 

(Paddy rice, wheat, other cereal grains, vegetables, fruits, nuts, oilseeds, sugar cane, 

plant-based fibres, other crops, cattle, sheep, goats, other animal products, raw milk, 

wool, silk-worm cocoons, forestry, fishing, mining); 

Mapping MIND from IND(57) to IND(17); 

Mapping MCOM from COM(57) to COM(17) 

 

Set  

NATIND = IND - LOCIND; # National Industries # 

(Manufacturing, services); 

 

Set  

MARLOCCOM = MAR intersect LOCCOM #Local margin commodities# 

(Services); 

 

Set  

NONMARLOCCOM = LOCCOM - MARLOCCOM # Non margin commodities# 

 

Set  

OCC; # Occupations #  

(Unskilled, skilled); 

 

Set TRADEXP # Traditional Export Commodities # 

(Manufacturing); 

Subset TRADEXP is a subset of NATCOM; 
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4.3.2 Top-down Model Variables Descriptions 

The variables contained in the top-down model are presented in Excerpt 4.4. Except 

for a few variables, such as the balance of trade/GDP and stocks/GDP, which are reported 

as changes in the level forms, all other variables are reported as percentage form 

deviations from their base year values.  

According to the ORANI G naming system, the variables follow a naming 

convention that maintains a particular order. For instance, those variables that start with 

the first letter ‘𝑥’ refer to a percentage change in the quantity, while ‘𝑝’ refers to a 

percentage change in price variables. Similarly, ‘𝑣’ refers to the levels values, ‘a’ refers 

to the productivity or state changes, and ‘𝑓’ refers to the shift expressions. Further, ‘𝑑𝑒𝑙’ 

refers to the any ordinal changes of the variable, while “𝑟𝑔𝑠ℎ𝑟” refers to the percentage 

change in regional share variables, and “𝑓𝑟𝑒𝑔” represents the regional share shifter. 

Moreover, a variable that includes a number refers to the type of sale. Excerpt 4.2 states 

the regional level variable names, while the parenthesis letters refer to the dimension of 

that variable. Furthermore, numbers connected to any variable refer to the type of sale. 

For instance, number 1 refers to intermediate inputs to the production; number 2 refers to 

the investment purchases, number 3 refers to household purchases, number 4 refers to 

exports, number 5 refers to the government, number 6 refers to the inventories, and 0 

refers to all users. 

Excerpt 4.2: Top-down Model Regional Level Variables  

Variable 

 regx0(c,r) # Regional usage of local commodities #; 

(all,i,IND)(all,r,REG)  

regx1tot(i,r) # Output of regional industries #; 

(all,r,REG)  

regw1lab_io(r) # Wage bills by region #;     

(all,c,COM)(all,s,SRC)(all,i,IND)(all,r,REG) 
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regx1(c,s,i,r) # Regional demands for intermediate inputs #; 

(all,c,COM)(all,s,SRC)(all,i,IND)(all,r,REG)  

regx2(c,s,i,r) # Regional demands for inputs for investment #; 

(all,c,COM)(all,s,SRC)(all,r,REG)  

regx3(c,s,r) # Household demand for goods#; 

(all,c,COM)(all,r,REG)  

regx4(c,r) # Exports by region #; 

(all,c,COM)(all,s,SRC)(all,r,REG)  

regx5(c,s,r) # Demands for inputs for "Other" demands #; 

(change) 

delregx6(c,s,r)   # Inventories demand #; 

(all,c,COM)(all,s,SRC)(all,r,REG)  

regx1mar(c,s,i,m,r) # Margins - production #; 

(all,c,COM)(all,s,SRC)(all,i,IND)(all,m,MAR)(all,r,REG)   

regx2mar(c,s,i,m,r) # Margins - capital creation #; 

(all,c,COM)(all,s,SRC)(all,i,IND)(all,m,MAR)(all,r,REG)   

regx3mar(c,s,m,r)# Margins - households #; 

(all,c,COM)(all,s,SRC)(all,m,MAR)(all,r,REG) 

regx4mar(c,m,r) # Margins - exports #; 

(all,c,COM)(all,m,MAR)(all,r,REG)   

regx5mar(c,s,m,r) # Margins - "Other" #; 

(all,c,COM)(all,s,SRC)(all,m,MAR)(all,r,REG)   

rgshr1(i,r) # Region share in national output # (all,i,IND)(all,r,REG) 

rgshr2(i,r) # Region share in national investment # (all,i,IND)(all,r,REG) 

rgshr3(c,r) # Region share in national consumption #; 

(all,c,COM)(all,r,REG)  

rgshr4(c,r) # Region share in national exports #; (all,c,COM)(all,r,REG)  

rgshr5(c,r) # Region share in national gov.usage #; (all,c,COM)(all,r,REG)  

rgshr6(c,r) # Region share in national stocks #; 

 (all,c,COM)(all,r,REG)  

(all,i,IND)(all,r,REG) freg1(i,r) # Regional share shifter #; 

(all,i,IND)(all,r,REG) freg2(i,r) # Regional share shifter #; 

(all,c,COM)(all,r,REG) freg3(c,r) # Regional share shifter #; 



84 

(all,c,COM)(all,r,REG) freg4(c,r) # Regional share shifter #; 

(all,c,COM)(all,r,REG) freg5(c,r) # Regional share shifter #; 

(all,c,COM)(all,r,REG) freg6(c,r) # Regional share shifter #; 

 

4.3.3 Overview of the Top-down Model Equations 

Like other CGE models, top-down model equations are also derived using 

behavioural rules, such as the utility maximising consumers, and profit-maximising 

producers, based on neoclassical assumptions. The top-down regional equation system 

translates national simulation results into estimates of regional economic impacts, such 

as impacts on income and employment, which are helpful for regional policy-making. It 

can also be used to estimate regional impacts of national level shocks. However, the 

model is unable to capture regional price effects as the model does not contain any 

theories on price equations. 

Though the LMPST model mentioned earlier has been heavily drawn upon (see 

Dixon et al., 1982, Ch 6), the following are the descriptions of the LMPST model that 

was modified for use with the national level ORANI model13.  

Required set names and its components14 for the model used in this study: 

U = all commodities (1 … 17) 

K = all industries (1 … 17) 

N = industries producing national commodities (national industries) ( 1,2)  

M =industries producing local commodities (local industries) (1, … 15) 

H = national commodities ( 1,2) 

                                                 

13 Technical model descriptions are heavily drawn from Dixon et al. (1982 Chapter-6).  

1 N.T: industry and commodity classifications in ORANI are such that no industry can produce both local 

and national commodities together, which implies N∩M is empty. 
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L = local commodities (1, … . 15) 

R = number of regions ( 1 … 64) 

S = sourcing of commodities, domestic (s=1), imports (s=2) 

First, the activity levels for the national industries can be defined by  

𝑍𝑛
𝑟=  𝑍𝑛𝐺𝑛

𝑟    for all n ϵ N and 𝑟ϵ R = 1 … 64     (E 4.1) 

Where,  𝑍𝑛
𝑟   is the output of industry n in region 𝑟  and  𝐺𝑛

𝑟  is the base-period 

proportion of the aggregate output of industry n, which is produced in region 𝑟. Since 𝐺𝑛
𝑟 

is constant, the equation becomes (after transforming equation 𝐸4.1  as a percentage 

change form): 

𝑧𝑛
𝑟 =  𝑧𝑛 (Since, 𝑑𝐺𝑛

𝑟 =0) for all n ϵ N and 𝑟 = 1 … 64   (E 4.2) 

If there is an increase in the aggregate output of any national industry by 1%, then 

the output of that industry will increase by 1% for each region. It can also be assumed 

that the commodity composition of the output in national industries is constant across all 

regions.   

In the case of local commodities, the aggregate output of any local commodity in a 

region must be equivalent to the aggregate demand for the commodity in that region, that 

is: 
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(4)𝑟

𝑢∈𝑈

,          

 𝑖 ∈ 𝐿 = 1,2 &  𝑟 = 1, … , 64       (E 4.3) 

      

Where, 𝑋(𝑖1)
(0)𝑟

 = the aggregate output of local commodity 𝑖 in region 𝑟; 

𝐴(𝑖𝑘)𝑘
(ℎ)

 = the direct input of domestically produced commodity 𝑖 required per unit 

output (ℎ = 1) or capital information (ℎ = 2) in industry 𝑘; 

𝐴(𝑖1)
(𝑢𝑠)𝑘ℎ

= the input of domestically produced commodity 𝑖 required as a margin 

service per unit direct flow of commodity 𝑢 from source 𝑠 to industry k for purpose ℎ; 

𝑌𝑛
𝑟 = the total investment demand by national industries in region 𝑟; 

𝑌𝑚
𝑟  = the total investment demand by local industries in region 𝑟; 

 𝐴(𝑖1)
(𝑢𝑠)ℎ

 = the input of domestically produced commodity 𝑖 required as a margin 

service per unit direct flow of commodity 𝑢 from source 𝑠 to final demand category ℎ; A 

represents the technology. However, in this model the technology in each industry is 

independent of its regional location. 

𝑋(𝑖1)
(3)𝑟

  = the household demand for domestically produced commodity 𝑖 in region 𝑟; 

𝑋(𝑖1)
(5)𝑟

  = the other final demand for domestically produced commodity 𝑖 in region 𝑟; 
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𝑋(𝑢1)
(4)𝑟

 = the export volumes demand of domestic commodity  𝑢  from region  𝑟 ; 

assuming that fixed regional sourcing can be assumed in the case of international trade; 

𝑋(𝑢𝑠)𝑛
(ℎ)𝑟

 = the regional input demand from national industries for commodity u from 

source s for per unit output ℎ; 

𝑋(𝑢𝑠)𝑚
(ℎ)𝑟

= the regional input demand from local industries for commodity u from 

source s for per unit output ℎ; 

𝑋(𝑢𝑠)
(ℎ)𝑟

 = the regional household (ℎ = 3)  and other (ℎ = 5)  final demand for 

commodity 𝑢; 

The percentage change form of the equation is: 

𝑥(𝑖1)
(0)𝑟 = ∑(𝑎(𝑖1)𝑛

(1)
+ 𝑧𝑛

𝑟)𝐵(𝑖1)𝑛
(1)𝑟 +

𝑛∈𝑁

∑ (𝑎(𝑖1)𝑚
(1)

+ 𝑧𝑚
𝑟 )𝐵(𝑖1)𝑚

(1)𝑟

𝑚∈𝑀

+ ∑(𝑎(𝑖1)𝑛
(2)

+ 𝑦𝑛
𝑟)𝐵(𝑖1)𝑛

(2)𝑟

𝑛∈𝑁

+ ∑ (𝑎(𝑖1)𝑚
(2)

+ 𝑦𝑚
𝑟 )𝐵(𝑖1)𝑚

(2)𝑟 + 𝑥(𝑖1)
(3)𝑟𝐵(𝑖1)

(3)𝑟 + 𝑥(𝑖1)
(5)𝑟𝐵(𝑖1)

(5)𝑟

𝑚∈𝑀

+ ∑ ∑ ∑ ∑(

2

ℎ=1

𝑎(𝑖1)
(𝑢𝑠)𝑛ℎ + 𝑥(𝑢𝑠)𝑛

(ℎ)𝑟 )

𝑛∈𝑁

2

𝑠=1𝑢∈𝑈

𝐵(𝑖1)
(𝑢𝑠)𝑛ℎ𝑟

+ ∑ ∑ ∑ ∑(

2

ℎ=1

𝑎(𝑖1)
(𝑢𝑠)𝑚ℎ + 𝑥(𝑢𝑠)𝑚

(ℎ)𝑟 )

𝑚∈𝑀

2

𝑠=1𝑢∈𝑈

𝐵(𝑖1)
(𝑢𝑠)𝑚ℎ𝑟

+ ∑ ∑ ∑ (𝑎(𝑖1)
(𝑢𝑠)ℎ + 𝑥(𝑢𝑠)

(ℎ)𝑟)𝐵(𝑖1)
(𝑢𝑠)ℎ𝑟

ℎ=3,5

2

𝑠=1𝑢∈𝑈

+ ∑(𝑎(𝑖1)
(𝑢1)4 + 𝑥(𝑢1)

(4)𝑟)𝐵(𝑖1)
(𝑢1)4𝑟

𝑢∈𝑈

,                    

   𝑖 ∈ 𝐿, 𝑟 = 1, … , 64             (E 4.4) 
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Where   𝐵 represents the sales shares of domestically produced commodity 𝑖 

towards region 𝑟 for different purposes and 𝑎′𝑠 represent technical changes. According 

to the I-O table, the sale shares represent the proportion of sales of total output to 

industries, households, investments, exports, and others out of total sales. 

Furthermore, the relationship between base period costs and sales shares can be 

established. Assuming that in the base period, the relative quantities of goods (𝑖1) used 

for facilitating the domestic (𝑠 = 1) and import (𝑠 = 2) components of each commodity 

flow to each industry in each region reflecting the relative values of these components, 

𝐵(𝑖1)
(𝑢𝑠)𝑘ℎ𝑟 =   𝐵(𝑖1)

(𝑢∙)𝑘ℎ𝑟𝑆(𝑢𝑠)𝑘
(ℎ)𝑟  ,   𝑖 𝜖 𝐿, 𝑢 𝜖 𝑈,   𝑠 = 1,2 𝑘 𝜖 𝐾, ℎ = 1, 2  𝑟 = 1, 2 … 64  

          (E 4.5) 

Where,  𝐵(𝑖1)
(𝑢𝑠)𝑘ℎ𝑟 =  the regional sale shares of facilitating the domestic commodity 

𝑖  required as a margin service per unit direct flow of commodity 𝑢  from source 𝑠 to 

industry 𝑘 for purpose ℎ;  

Where 𝑆 represents the cost shares; 

𝑆(𝑢𝑠)𝑘
(ℎ)𝑟

 = the share of commodity 𝑢 from source 𝑠 in the total cost of commodity 

𝑢 used for the purpose of ℎ in region 𝑟. 

With equation E 4.5, it can be stated that if two-thirds of the cost of commodity 𝑢 

used as an input to industry 𝑘 in region 𝑟 are accounted for by the domestically produced 

commodity 𝑢 and one-third by the imported 𝑢, then under the equation E 4.5, two-thirds 

of the wholesale margins are involved in delivering 𝑢 commodity to industry 𝑘 in region 

𝑟 are associated with the delivery of domestic commodity 𝑢 and one-third is associated 

with the delivery of imported 𝑢.  
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Further, the two following assumptions, along with no technical changes, lead to 

equation E 4.6 and equation E 4.715 

If there are no changes in the relative prices of domestically produced commodity 

𝑖 from alternative sources, then a 1% increase in activity levels by industry 𝑘 (𝑧𝑘
𝑟) leads 

to a 1% increase in each of the 𝑥(𝑢𝑠)𝑘
(1)𝑟

 . Therefore, the constant return to scales exists in 

equation E 4.6.  

And  

∑ 𝑥(𝑢𝑠)𝑘
(1)𝑟2

𝑠=1 𝐵(𝑖1)
(𝑢𝑠)𝑘1𝑟 = 𝑧𝑘

𝑟𝐵(𝑖1)
(𝑢∙)𝑘1𝑟 ,       𝑖 ∈ 𝐿, 𝑢 ∈ 𝑈, 𝑘 ∈ 𝐾, 𝑟 = 1, … ,64   (E 4.6) 

And  

If the model assumes the Leontief production function and CES combination of 

inputs from domestic and foreign sources while constructing the fixed capital for an 

industry:   

∑ 𝑥(𝑢𝑠)𝑘
(2)𝑟2

𝑠=1 𝐵(𝑖1)
(𝑢𝑠)𝑘2𝑟 = 𝑦𝑘

𝑟𝐵(𝑖1)
(𝑢∙)𝑘2𝑟 ,       𝑖 ∈ 𝐿, 𝑢 ∈ 𝑈, 𝑘 ∈ 𝐾, 𝑟 = 1, … ,64 (E 4.7)  

Assuming that 𝑎′𝑠 = 0, combined with equation E 4.6 and equation E 4.7, equation 

E 4.4 simplifies to: 

𝑥(𝑖1)
(0)𝑟

= ∑ (𝐵(𝑖1)𝑛
(1)𝑟 + ∑ 𝐵(𝑖1)

(𝑢∙)𝑛1𝑟
𝑢∈𝑈 ) 𝑧𝑛

𝑟
𝑛∈𝑁 + ∑ (𝐵(𝑖1)𝑚

(1)𝑟 + ∑ 𝐵(𝑖1)
(𝑢∙)𝑚1𝑟

𝑢∈𝑈 ) 𝑧𝑚
𝑟

𝑚∈𝑀 +

∑ (𝐵(𝑖1)𝑛
(2)𝑟 + ∑ 𝐵(𝑖1)

(𝑢∙)𝑛2𝑟
𝑢∈𝑈 ) 𝑦𝑛

𝑟 + ∑ (𝐵(𝑖1)𝑚
(2)𝑟 + ∑ 𝐵(𝑖1)

(𝑢∙)𝑚2𝑟
𝑢∈𝑈 ) 𝑦𝑚

𝑟 +𝑚∈𝑀𝑛∈𝑁

𝐵(𝑖1)
(3)𝑟𝑥(𝑖1)

(3)𝑟 + 𝐵(𝑖1)
(5)𝑟𝑥(𝑖1)

(5)𝑟 + ∑ ∑ ∑ 𝐵(𝑖1)
(𝑢𝑠)ℎ𝑟𝑥(𝑢𝑠)

(ℎ)𝑟
ℎ=3,5

2
𝑠=1𝑢∈𝑈 + ∑ 𝐵(𝑖1)

(𝑢1)4𝑟𝑥(𝑢1),
(4)𝑟

𝑢∈𝑈        𝑖 ∈

𝐿, 𝑟 = 1, … ,64     (E 4.8) 

                                                 

15 By assuming that the national model assumptions also hold for regional levels (for more detail, please 

see Dixon et al., 1982, p 263 for regional modelling equations, p 81 for the assumption behind equation E 

4.6, and p 96 for the assumptions behind equation E 4.7). 
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The above equations can be solved by providing the values of the right-hand side 

variables. Moreover, the model will also be able to solve equation E 4.8 for percentage 

changes in the regional outputs of local commodities. Furthermore, each of these 

equation’s variables needs to be expressed as a function of (𝑖) to make those variables 

exogenous at the regional level.   

While solving the equations related to regional investments, this model assumes 

that the proportion of investment by each industry will be similar to the current output 

proportion.  

4.3.3.1 Regional Investment Demand Equations  

According to the model structure, the investment in any industry is allocated to the 

regions in the same proportions as the current output. This assumption can be written as 

follows: 

𝑌𝑛
𝑟 = 𝑌𝑛 𝐺𝑛

𝑟 ,       𝑛 ∈ 𝑁, 𝑟 = 1, … ,64     (E 4.9) 

and  

𝑌𝑚
𝑟 = 𝑌𝑚 𝑍𝑚

𝑟 /𝑍𝑚,       𝑚 ∈ 𝑀, 𝑟 = 1, … ,64    (E 4.10) 

𝐺𝑛
𝑟 , 𝑛 ∈ 𝑁 , are treated as constants (according to equation 4.9), so that the 

percentage change forms of the equation are:  

𝑦𝑛
𝑟 = 𝑦𝑛 ,       𝑛 ∈ 𝑁, 𝑟 = 1, … ,64     (E 4.11) 

and 

𝑦𝑚
𝑟 = 𝑦𝑚 + 𝑍𝑚

𝑟 − 𝑍𝑚  ,       𝑚 ∈ 𝑁, 𝑟 = 1, … ,64   (E 4.12) 

4.3.3.2 Regional Household Consumption Equations 

For household consumption, the model assumes that each region contains a link 

between regional consumption and regional labour income. That is: 

𝑋(𝑢𝑠)
(3)𝑟 = 𝑓(𝑢𝑠)

𝑟 (𝑋(𝑢𝑠)
(3)

,
𝑉𝑟

𝑉
) ,          𝑢 ∈ 𝑈, 𝑠 = 1,2, 𝑟 = 1, … ,64  (E 4.13) 
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Therefore, the household consumption in each region is a function of [𝑋(𝑢𝑠)
(3)

=

𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑐𝑜𝑚𝑚𝑜𝑑𝑖𝑡𝑦 (𝑢𝑠), 𝑐𝑜𝑚𝑚𝑜𝑑𝑖𝑡𝑦 𝑢 𝑓𝑟𝑜𝑚 𝑠𝑜𝑢𝑟𝑐𝑒 𝑠]  

𝑎𝑛𝑑 

  
𝑉𝑟

𝑉
=  

𝑇𝑜𝑡𝑎𝑙 𝑤𝑎𝑔𝑒 𝑏𝑖𝑙𝑙 𝑖𝑛 𝑟𝑒𝑔𝑖𝑜𝑛 𝑟

𝐸𝑐𝑜𝑛𝑜𝑚𝑦 𝑤𝑖𝑑𝑒 𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒 𝑤𝑎𝑔𝑒 𝑏𝑖𝑙𝑙𝑠
.  

The percentage change equations for equation E 4.13 will be: 

𝑥(𝑢𝑠)
(3)𝑟 = 𝛼(𝑢𝑠)

𝑟 𝑥(𝑢𝑠)
(3)

+ 𝛾(𝑢𝑠)
𝑟 (𝜗𝑟 − 𝜗),          𝑢 ∈ 𝑈, 𝑠 = 1,2, 𝑟 = 1, … ,64 (E4.14)

    

Where, 𝛼(𝑢𝑠)
𝑟 = the elasticity in region 𝑟 of consumption of good (𝑢𝑠) with respect 

to the aggregate consumption of good(𝑢𝑠). 

𝛾(𝑢𝑠)
𝑟  = the elasticity in region 𝑟 to the consumption of good (𝑢𝑠) with respect to 

the share of region 𝑟 in the economy’s aggregate wage bill.  

(𝜗𝑟 − 𝜗) = the difference between the regional wage bill and the economy wide 

aggregate wage bill;  

meanwhile: 

𝛼(𝑢𝑠)
𝑟 = 1            (E 4.15) 

And 

𝛾(𝑢𝑠)
𝑟 =   𝜖(𝑢𝑠) 𝛾 ,𝑜 ≤ 𝛾 ≤ 1,  𝑢 𝜖 𝑈, 𝑠 = 1,2, 𝑟 = 1, 2 … 64     (E4.16)

   [𝑁. 𝑇: γ =  parameter that signifies the relation between  

regional income with aggregate regional consumption] 

And 𝜖(𝑢𝑠) =

economy wide household expenditure elasticity of demand for good 𝑢 from source 𝑠 
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However, for our long-run simulation, the suitable assumption is,  

𝛾(𝑢𝑠)
𝑟 = 1                 (E 4.17) 

Therefore, substituting long run assumption into equation (E 4.10) it becomes, 

𝑥(𝑢𝑠)
(3)𝑟 = 𝑥(𝑢𝑠)

(3)
+ (𝜗𝑟 − 𝜗)      𝑢 𝜖 𝑈, 𝑠 = 1,2, 𝑟 = 1, 2 … 64     (E4.18)

   

Thus, the changes in regional consumption levels fully reflect the changes in the 

regional allocation of labour income. 

Furthermore, the regional wage bill variable can also be expressed in terms of wage 

rates and industry-specific employment levels: 

𝑉𝑟 = ∑ (𝑃(𝑔+1,1)𝑘
(1)

𝑋(𝑔+1,1)𝑘
(1)𝑟 )𝑘∈𝐾 ,       𝑟 = 1, … ,64      (E 4.19) 

Where, 

𝑃(𝑔+1,1)𝑘
(1)

 = the wage rate variable for industry 𝑘 without regional subscript; 

And  

𝑉𝑘
𝑟 = the share of industry k in the aggregate wage bill of region 𝑟; 

𝑋(𝑔+1,1)𝑘
(1)𝑟   = the employment levels in industry 𝑘 in region 𝑟 ;    

Furthermore, the percentage forms of equation (E 4.15), which includes the 

employment by regions, as well as industry: 

𝜗𝑟 = ∑ (𝑝(𝑔+1,1)𝑘
(1)

+ 𝑥(𝑔+1,1)𝑘
(1)𝑟 )𝑊𝑘𝑘∈𝐾        𝑟 = 1,2, , , ,64    (E 4.20) 

Where the weights 𝑊𝑘 represent the shares by industries in the aggregate wage bill 

for the economy.  

Secondly, the economy-wide wage bill is:  
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 𝑉 = ∑ (𝑃(𝑔+1,1)𝑘
(1)

𝑋(𝑔+1,1)𝑘
(1)

)𝑘∈𝐾 ,             (E 4.21) 

Furthermore, the economy-wide wage bill can be expressed as a percentage form 

equation: 

𝜗 = ∑ (𝑝(𝑔+1,1)𝑘
(1)

+ 𝑥(𝑔+1,1)𝑘
(1)

)𝑊𝑘𝑘∈𝐾       (E 4.22) 

To determine the regional employment  𝑥(𝑔+1,1)𝑘 
(1)𝑟

, the model assumes that the 

percentage change in employment per unit of output in industry 𝑘 in each region 𝑟 is 

similar due to the percentage change in employment per unit of output in industry k for 

the country. That is: 

𝑥(𝑔+1,1)𝑘
(1)𝑟 − 𝑧𝑘

𝑟 = 𝑥(𝑔+1,1)𝑘
(1)

− 𝑧𝑘,        𝑘 ∈ 𝐾, 𝑟 = 1, … , 64    (E4.23)  

Equation E 4.23 seems to be a satisfactory assumption for the long run simulation 

model because it is reasonable to assume that the labour-capital ratio moves uniformly 

across regions. This assumption is possible because it has already been specified that the 

wage rates and capital can move across regions. Therefore, while solving other equations, 

this model assumes the changes to be exogenous in the regional allocation for government 

current expenditure and fixed regional sourcing for international exports from regions.  

Finally, regional consumption demand can be achieved by substituting equation E 

4.23 into equation E 4.14, from equation E 4.23 into equation E 4.24 and then into E 4.14, 

and by using E 4.2, E 4.15, and E 4.16: 

  𝑥(𝑢𝑠)
(3)𝑟 = 𝑥(𝑢𝑠)

(3)
+ 휀(𝑢𝑠)𝛾[∑ (𝑊𝑘

𝑟 − 𝑊𝑘) (𝑝(𝑔+1,1)𝑘
(1)

+ 𝑥(𝑔+1,1)𝑘
(1)

) + ∑ 𝑊𝑚
𝑟(𝑚∈𝑀𝑘∈𝐾 𝑧𝑚

𝑟 −

𝑧𝑚)]     𝑢 𝜖 𝑈, 𝑠 = 1,2,  𝑟 = 1, 2 … 64                (E 4.24) 

Though the top-down model is able to provide the regional level impacts from the 

national level results, the model provides little opportunity to calculate the regional 

behaviour of supply functions due to the structure of the top-down model. Therefore, to 
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avoid the above-mentioned limitations and to analyse the Bangladeshi region-specific 

problems and their impacts on the Bangladeshi economy, the next part of this thesis 

describes the development of a 64-district level multiregional bottom-up BD-TERM 

model used to analyse the economic impacts, focussing on the coastal and non-coastal 

economies of Bangladesh. The key advantages of any regional bottom-up model 

compared to the top-down model are as follows: 

1. The bottom-up model considers every region as a separate economy and is 

interlinked through inter-regional trade. Therefore, the bottom-up model can 

project the economic impact of a region-specific shock, along with the price 

effects. Thus, bottom-up models are suitable for analysing the economic 

impacts at the subnational level. 

2. The bottom-up model is able to consider regional supply functions because it 

begins from a regional level database. Moreover, the bottom-up model also 

allows for imperfect factor mobility across regions within a country. Therefore, 

factors can be mobile across regions in the long run, even if the model assumes 

full employment at the national level. 

4.4 BD-TERM MODEL STRUCTURE  

This section demonstrates an overview of the TERM model and also the core 

theoretical framework for the BD-TERM model. The BD-TERM model and its equation 

system closely follow the structure of the Australian TERM model, developed by 

Horridge et al. (2005). The key features of the BD-TERM model are its data structure and 

its ability to consider greater numbers of regions and sectors and produce regional level 

efficient results.  

As mentioned in previous sections, the overall model assumptions of the BD-

TERM model are based on conventional neoclassical patterns. Each industry in each 
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province minimises production costs by choosing the cost minimising the optimal number 

of primary factors (land, labour, and capital) and the specific amount of other intermediate 

inputs from other provinces (Dixon, Rimmer, & Wittwer, 2012). In this way, the price of 

that output is matched with the marginal costs of production. Consumers also maximise 

their utility subject to budget constraint.  On the demand side, each region consists of four 

final users: households, investors, government, and exporters. Every market in each 

region faces competitive zero profit conditions, where markets will always be in the 

equilibrium. Though all of the regions act independently, they are all connected through 

interregional trade. The model also assumes that the levels of output should satisfy the 

total demand by its final users: households, investors, governments, and exporters. The 

following subsections briefly present the percentage forms of the equations used by the 

TABLO input files. 

4.4.1 Production Structure 

Figure 4.1 depicts the nested production structure of the economy. This production 

structure is used by producers in each industry in each region. A producer in a region 

chooses factors of production to produce the maximum amount of output by minimising 

the costs of production using a constant elasticity of substitution function. Producers use 

two broad categories of inputs: intermediate and primary factors. However, all of the 

intermediate inputs come from either that particular region or other regions. Both the 

intermediate and primary factors of production were also chosen in different proportions 

using the CES function.  
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Figure 4.1: The Production structure of the BD-TERM model 

Source: (Horridge, 2012)  

 

 

4.4.2 Demand and Prices for the Intermediate Inputs by Industries 

According to Figure 4.1, the bottom part in the intermediate input branch of the 

production nest shows that sector 𝑖  in region 𝑑 chooses input types 𝑐 to minimise 

production costs.  
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At the second level of the nest (level 2, in Figure 4.1), a firm also decides on its 

demand for the domestic-composite goods and foreign imported goods by using the CES 

function to minimise the production costs.  

Equation 

E_xint # Domestic and Imported Intermediate demands for all-region composite #; 

(all,c,COM)(all,s,SRC)(all,i,IND)(all,d,DST) 

xint(c,s,i,d) = xint_s(c,i,d) - SIGMADOMIMP(c)*[ppur(c,s,i,d)-ppur_s(c,i,d)]; (E 4.25)                          

   

 

Where, 𝑥𝑖𝑛𝑡(𝑐, 𝑠, 𝑖, 𝑑)  is the demand by industry 𝑖  in region 𝑑  for intermediate 

goods 𝑐 from domestic or imported sources; 

𝑥𝑖𝑛𝑡_𝑠(𝑐, 𝑖, 𝑑)  is the demand by industry 𝑖  in region 𝑑  for overall composite 

intermediate goods 𝑐; 

𝑝𝑝𝑢𝑟(𝑐, 𝑠, 𝑖, 𝑑) is the purchaser’s prices of specific source goods 𝑐 by industry 𝑖 in 

region 𝑑; 

𝑝𝑝𝑢𝑟_𝑠(𝑐, 𝑖, 𝑑) is a purchaser’s prices over the source for intermediate goods 𝑐 by 

industry 𝑖 in region 𝑑 

𝑠𝑖𝑔𝑚𝑎𝑑𝑜𝑚𝑖𝑚𝑝(𝑐) is the substitution elasticities between domestic and imported 

goods. 

Equation E 4.25 represents the demand for intermediate inputs by producers in each 

of the Bangladeshi districts. The total demands for intermediate goods in every region 

consist of composite demands for domestic and imported commodities. Meanwhile, these 

commodity input demands for domestic current production are determined using the 

Armington-CES substitution function (Armington, 1969). According to the Armington-
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specification, the imperfect substitution is possible between domestic and imported 

commodities, where it depends on the relative prices [ppur(c,s,i,d)-ppur_s(c,i,d)], 

multiplied by the substitution elasticities between domestic and imported goods, 

[SIGMADOMIMP(c)]. This implies that producers in each region will substitute between 

relatively cheap domestic or imported intermediate inputs to minimise the total cost of 

production.  

4.4.3 Demand for Primary Factors 

The following equations, E 4.26 to E 4.30, show the conditional demand for each 

effective unit of primary factors, such as land, labour, and capital for production. Each 

regional industry production combines the effective labour (
𝑥𝑙𝑎𝑏_𝑜(𝑖,𝑑)

𝑎𝑙𝑎𝑏_𝑜(𝑖,𝑑)
), effective capital 

(
𝑥𝑐𝑎𝑝(𝑖,𝑑)

𝑎𝑐𝑎𝑝(𝑖,𝑑)
) , and effective land (

𝑥𝑙𝑛𝑑(𝑖,𝑑)

𝑎𝑙𝑛𝑑(𝑖,𝑑)
) inputs based on the CES aggregation constraint 

to minimise the total factor costs of production. Equation E 4.27 reflects the labour 

demand by industry 𝑖 in employing different occupations 𝑜, 𝑥𝑙𝑎𝑏(𝑖, 𝑜, 𝑑). The demand for 

labour input is based on the imperfect substitution between skilled labour and unskilled 

labour based on the cheapening wages, as represented by [plab_o(i,d) + alab_o(i,d) - 

pprim(i,d)].  

 

Equation 

PRIM(i,d) # Total factor input to industry i# ; 

(all,i,IND)(all,d,DST)  

PRIM(i,d) = LAB_O(i,d)+ CAP(i,d) + LND(i,d);                                               (E 

4.26) 

E_xlab_o  # Industry demands for effective labour # 

(all,i,IND)(all,d,DST) xlab_o(i,d) - alab_o(i,d) = 

 xprim(i,d) - SIGMAPRIM(i)*[plab_o(i,d) + alab_o(i,d) - pprim(i,d)];              (E 

4.27)                                                                              
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Where, 𝑥𝑙𝑎𝑏(𝑖, 𝑜, 𝑑)  is the quantity demand in industry 𝑖  while employing 

occupation 𝑜 in region 𝑑; 

𝑥𝑙𝑎𝑏_𝑜(𝑖, 𝑑)  is the % changes of occupational-composite labour demand in 

industry 𝑖 in region 𝑑; 

𝑎𝑙𝑎𝑏_𝑜(𝑖, 𝑑) is the % changes of labour augmenting technical change in industry 𝑖, 

in region 𝑑; 

𝑝𝑙𝑎𝑏(𝑖, 𝑜, 𝑑) is the wages by industry, occupation, and regions; 

𝑝𝑙𝑎𝑏_𝑜(𝑖, 𝑑) is % changes of the occupational composite wage by industry and 

regions; 

𝑥𝑝𝑟𝑖𝑚(𝑖, 𝑑) is the % changes of the primary factor composite by industry and 

region; 

𝑠𝑖𝑔𝑚𝑎𝑝𝑟𝑖𝑚(𝑖) is the CES substitution among primary factors in each industry; 

𝑝𝑝𝑟𝑖𝑚(𝑖, 𝑑) is the % changes of the effective price of primary factor composite by 

industry 𝑖 in region 𝑑. 

Equation (E 4.28) reflects the industry demands for effective capital input by 

industry 𝑖, 𝑥𝑐𝑎𝑝(𝑖, 𝑑). A further equation, E 4.29, represents the industry demand for 

effective land inputs by industry 𝑖, 𝑥𝑙𝑛𝑑(𝑖, 𝑑). This overall factor demand consists of both 

the expansion effect and the substitution effects, respectively. The expansion effects 

indicate that the individual factor demand must move according to the overall factor 

demand  𝑥𝑝𝑟𝑖𝑚(𝑖, 𝑑) . However, the substitution effects indicate the substitution 

possibilities towards choosing the factor inputs based on their relative prices, multiplied 

by the elasticity of substitution SIGMAPRIM(i).  
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Equation E 4.30 specifies the price terms for the composite factors for each 

industry 𝑖 in region𝑑, 𝑝𝑝𝑟𝑖𝑚(𝑖, 𝑑), via the cost weighted Divisia index of the effective 

factor prices. 

 

 

Where, 𝑥𝑐𝑎𝑝(𝑖, 𝑑) is the capital usage or demand by industry 𝑖  and region 𝑑; 

𝑎𝑐𝑎𝑝(𝑖, 𝑑)  is the % changes of the capital augmenting technical changes by 

industry 𝑖 in region 𝑑; 

𝑝𝑐𝑎𝑝(𝑖, 𝑑) is the % changes of the price of capital by industry 𝑖 in region 𝑑; 

𝑥𝑙𝑛𝑑(𝑖, 𝑑) is the % changes of the demand for land by industry 𝑖  in region 𝑑; 

𝑎𝑙𝑛𝑑(𝑖, 𝑑) is the % changes of the land augmenting technical change;   

𝑝𝑙𝑛𝑑(𝑖, 𝑑) is the % changes of the land rental price.  

Equations 

 

E_pcap  # Industry demands capital  

(all,i,IND)(all,d,DST)  xcap(i,d) - acap(i,d) = 

xprim(i,d) - SIGMAPRIM(i)*[pcap(i,d) + acap(i,d) - pprim(i,d)]                     (E 4.28)   

                                                                                   

E_plnd  # Industry demands for land # 

(all,i,IND)(all,d,DST)  xlnd(i,d) - alnd(i,d) = 

 xprim(i,d) - SIGMAPRIM(i)*[plnd(i,d) + alnd(i,d) - pprim(i,d)];                    (E 4.29) 

 

E_pprim  # Effective price term for factor demand equations # 

(all,i,IND)(all,d,DST) 

ID01(PRIM(i,d))*pprim(i,d) = 

LAB_O(i,d)*[plab_o(i,d) + alab_o(i,d)] 

+ CAP(i,d)*[pcap(i,d) + acap(i,d)] + LND(i,d)*[plnd(i,d) + alnd(i,d)];          (E 4.30)                                           
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4.4.4 Demand for Composite Goods and Aggregate Primary Factors 

The top level of Figure 4.1 demonstrates how an industry in each region will choose 

a combination of both source composite intermediate commodities  𝑥𝑖𝑛𝑡_𝑠(𝑖, 𝑑)  and 

primary factors 𝑥𝑝𝑟𝑖𝑚(𝑖, 𝑑), subject to the Leontief production function. Equation E 4.31 

relates the demand for a primary factor as a combination of total output, technological 

terms, and the technological change in primary factors. Equation E 4.32 represents the 

industry demands for the domestic or imports composite, which also combines the 

changes in technological terms and the total output.  

The Leontief production function indicates that an industry must choose a 

proportion of both intermediate and primary factors, represented by the percentage form 

of [xtot(i,d)+atot(i,d)+aprim(i,d)] while producing output. The demands for composite 

intermediate commodities, 𝑥𝑖𝑛𝑡_𝑠(𝑖, 𝑑) , represented by the equation E 4.32 are also 

determined by choosing the combination of technological changes 𝑎𝑡𝑜𝑡(𝑖, 𝑑), changes of 

the output of industry 𝑖 in region 𝑑, 𝑥𝑡𝑜𝑡(𝑖, 𝑑), and the technological changes in input-

specific efficiency, 𝑎𝑖𝑛𝑡_𝑠(𝑐, 𝑖, 𝑑). 

 

Equations 

E_xprim (all,i,IND)(all,d,DST) xprim(i,d) # Use of composite primary factor # 

 xprim(i,d)= xtot(i,d)+atot(i,d)+aprim(i,d);                                                      (E 4.31) 

 

E_xint_s(all,c,COM)(all,i,IND)(all,d,DST) # Industry demand for domestic or imports 

composite # 

 xint_s(c,i,d) = atot(i,d) + aint_s(c,i,d) + xtot(i,d);                                   (E 4.32)  

 

Where, 𝑥𝑡𝑜𝑡(𝑖, 𝑑) is the % changes of the output of industry 𝑖 in region 𝑑; 
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𝑎𝑡𝑜𝑡(𝑖, 𝑑) is the % changes of the all inputs augmenting technical changes; 

𝑎𝑝𝑟𝑖𝑚(𝑖, 𝑑) is the % changes of the technological changes in primary factors by 

industries and regions; 

𝑎𝑖𝑛𝑡_𝑠(𝑐, 𝑖, 𝑑) is the technological changes in input-specific efficiency. 

4.4.5 Total Production Cost and Production Taxes 

The total production taxes and variable costs of production by industry 𝑖  are 

calculated in equation E 4.33 and equation E 4.34, respectively. This production tax 

revenue is calculated by considering the production tax on the total production and the 

production tax rate on the variable costs of industry 𝑖. The variable cost of industry 𝑖 is 

the combination of the total labour costs and the the expenditure on other goods.  

 

Where, 𝑑𝑒𝑙𝑃𝑇𝑋(𝑖, 𝑑) is the ordinary change of production tax revenue; 

𝑃𝑅𝑂𝐷𝑇𝐴𝑋(𝑖, 𝑑) is the taxes on production; 

𝑝𝑐𝑠𝑡(𝑖, 𝑑) is the % changes of the tax exclusive cost of production; 

𝑑𝑒𝑙𝑃𝑇𝑋𝑅𝐴𝑇𝐸(𝑖, 𝑑) is the ordinary change in the rate of production tax; 

Equation  

E_delPTX  (all,i,IND) (all,d,DST) # Production tax #  

delPTX(i,d) = 0.01*PRODTAX(i,d)*[xtot(i,d)+pcst(i,d)] + 

VCST(i,d)*delPTXRATE(i,d);                                                                              (E 

4.33)  

                                                                          

Equation 

E_pvar (all,i,IND)(all,d,DST)  # Variable cost of production #     

ID01(VARCST(i,d))*[pvar(i,d)-atot(i,d)] = 

 LAB_O(i,d)*[plab_o(i,d) + alab_o(i,d)] +  PUR_CS(i,d)*pint(i,d);                   (E 

4.34)                                                           
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𝑉𝐶𝑆𝑇(𝑖, 𝑑) is the total cost of industry 𝑖; 

𝑉𝐴𝑅𝐶𝑆𝑇(𝑖, 𝑑) is the short run variable cost of industry 𝑖; 

𝑝𝑣𝑎𝑟(𝑖, 𝑑) is the % changes of the short run variable cost of production; 

𝑃𝑈𝑅_𝐶𝑆(𝑖, 𝑑) is the expenditure on goods; 

𝑝𝑖𝑛𝑡(𝑖, 𝑑) is the intermediate effective price indices. 

4.4.6 Supply of Outputs by Industries 

BD-TERM allows each industry to produce a mixture of all of the commodities. 

The mixture of commodities production varies according to the relative price of the 

commodities. The MAKE matrix turns the industry output to the supply of commodities 

from each industry in each region. For BD-TERM model, the MAKE matrix shows the 

details of the production of all commodities across industries and regions.  

Equation 

E_xmake  # Supplies of commodities by industries # 

 (all,c,COM)(all,i,IND)(all,d,REG) 

  xmake(c,i,d) = xtot(i,d) + SIGMAOUT(i)*[pmake(c,i,d)- ptot(i,d)];                  (E 

4.35)                                                                                     

 

𝑥𝑚𝑎𝑘𝑒(𝑐, 𝑖, 𝑑) is the % changes of the supply of commodity 𝑐 by industry 𝑖 in 

region 𝑑; 

𝑆𝐼𝐺𝑀𝐴𝑂𝑈𝑇(𝑖) is the transformation elasticities; 

𝑝𝑚𝑎𝑘𝑒(𝑐, 𝑖, 𝑑) is the % changes of the price received by the industries; 

𝑝𝑡𝑜𝑡(𝑖, 𝑑) is the % changes of the price of industry output; 
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The supplies of all commodities by industry 𝑖 in region 𝑑 are described by equation 

E 4.35 by using the CET transformation elasticities. The equation describes that the 

percentage changes in the supply of the commodity  𝑐  by industry  𝑖  in region  𝑑,  

 𝑥𝑚𝑎𝑘𝑒(𝑐, 𝑖, 𝑑) moves with the overall production of that industry𝑖, 𝑥𝑡𝑜𝑡(𝑖, 𝑑) and the 

relative prices received by industry 𝑖 in region 𝑑 and the cost of producing commodity 𝑐 

by industry 𝑖  in region  𝑑 , as represented by the percentage form of [pmake(c,i,d)- 

ptot(i,d)] multiplied with the transformation elasticity, SIGMAOUT(i). Therefore, all 

industries in the BD-TERM model are produced under the zero profit conditions and 

within the competitive market frameworks.  

4.4.7 Household Demand for Commodities 

The BD-TERM model has one representative household in each region. Each 

household in each region buys a bundle of commodities to maximise their households’ 

utility subject to budget constraints. Household demand commodities are the demand for 

imported or domestic types of composite commodities. The overall structure of household 

demand follows three levels of nested structure.  
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Source: (Horridge et al., 2000) and (Horridge, 2012) 

 

As can be seen from Figure 4.2, the bottom level and the second last bottom level 

of the of the nested utility function represent the household’s consumption choices from 

either domestic or imported sources to minimise the total cost of consumption subject to 

the CES function. BD-TERM allows households to choose consumption from other 

domestic regions or districts within Bangladesh. At the bottom level, the household will 

choose domestic commodities from different sources or from different districts (District 

Figure 4.2: Household demand mechanism in the BD-TERM model  
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1 to District 64). Similarly, the second bottom level of the nest demonstrates the total cost 

of the domestic or imported composite goods, which are minimised by using the CES 

function. The top level of the nest demonstrates the demand for commodities to maximise 

the utility by households, which is derived following a linear expenditure system, which 

is also called a Stone-Geary or Klein-Rubin function. The household demand function 

also represents the non-homothetic linear expenditure system of household demand.  

Equation 

E_xhou # Household demands for dom/imp composite # 

(all,c,COM)(all,s,SRC)(all,d,DST) 

xhou(c,s,d) = xhou_s(c,d) -SIGMADOMIMP(c)*[ppur(c,s,"hou",d)-phou(c,d)];  

                                                                                                                             (E 

4.36)                                                                                                                

Equation 

E_xsub # Subsistence demand for composite commodities # 

(all,c,COM)(all,d,DST)   

xsub(c,d) = nhou(d) + asub(c,d);                                                                         (E 

4.37) 

 

Equation 

E_xlux # Supernumerary or Luxury demand for composite commodities # 

(all,c,COM)(all,d,DST) 

 xlux(c,d) + phou(c,d) = wlux(d) + alux(c,d);                                                    (E 4.38) 

  

Equation  

E_xhou_s  # Total household demand for composite commodities # 

(all,c,COM)(all,d,DST) 

xhou_s(c,d) = BLUX(c,d)*xlux(c,d) + [1-BLUX(c,d)]*xsub(c,d);                   (E 4.39)                             

 

Equation 

E_phou # Household prices for commodities # 

  (all,c,COM)(all,d,DST) phou(c,d) = ppur_s(c,"hou",d);                                 (E 4.40) 
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Equation  

E_phoutot # CPI # 

(all,d,DST) phoutot(d)= sum{c,COM,BUDGSHR(c,d)*phou(c,d)};                 (E 4.41)                                                                                                  

 

Where, 𝑥𝑠𝑢𝑏(𝑐, 𝑑) is the subsistence demand by household in region 𝑑; 

𝑛ℎ𝑜𝑢(𝑑) is the % changes of the number of household in region 𝑑; 

𝑎𝑠𝑢𝑏(𝑐, 𝑑) is the taste change indicator for the subsistence demands by households;  

𝑥𝑙𝑢𝑥(𝑐, 𝑑) is the supernumerary or luxury demands by household in region 𝑑; 

𝑝ℎ𝑜𝑢(𝑐, 𝑑) is the % changes of the household prices by commodity 𝑐 in region 𝑑 

𝑤𝑙𝑢𝑥(𝑑) is the % changes of the household expenditure for supernumerary or 

luxury commodities; 

𝑎𝑙𝑢𝑥(𝑐, 𝑑) is the taste change indicator for the supernumerary or luxury demands 

by households; 

𝑥ℎ𝑜𝑢_𝑠(𝑐, 𝑑) is the % changes of the household demand for the composite goods 

in region 𝑑; 

𝐵𝐿𝑈𝑋(𝑐, 𝑑) is the share of supernumerary or luxury goods expenditure out of total 

expenditure. 

Equations E 4.36 to E 4.39 represent the demand functions for all composite 

commodities by household in region  𝑑 . Equation E 4.36 represents the demand for 

domestic and imported goods for households in region 𝑑, which are related to the overall 

household composite goods demand and the price difference, as represented by 

[ppur(c,s,"hou",d)-phou(c,d)] multiplied by the substitution elasticities, 

SIGMADOMIMP(c). Equations E 4.37 and E 4.38 represent the demand for subsistence 
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and the luxury demand for composite commodities by households. Finally, equation E 

4.39 represents the total regional household consumption demand as the sum of both 

subsistence and luxury consumption subject to the budget constraints of the household.  

Household prices by commodity in a region are represented by the source composite 

household purchasing prices, as shown in equation E 4.40. Finally, the consumer price 

index is determined by the sum of the consumer prices multiplied by the budget shares 

represented by sum{c,COM,BUDGSHR(c,d)*phou(c,d)} in equation E 4.41.  

4.4.8 Investment Demands  

The BD-TERM model allows each region to use a mixture of commodities to form 

new capital in order to maximise their rate of return. Figure 4.3 shows the nested structure 

for the production of one unit of fixed capital by industry 𝑖 in region 𝑑. It can be seen that 

any of the primary factors cannot be used directly towards new capital creation; however, 

these can be recognised as investments, and finally, towards capital creation.  
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Figure 4.3: Investment demand mechanism for BD-TERM model 

Source: (Horridge et al., 2000) and (Horridge, 2012) 
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Equation 

E_xinv # Investment demands for dom/imp composite # 

(all,c,COM)(all,s,SRC)(all,d,DST) 

xinv(c,s,d) = xinv_s(c,d) -SIGMADOMIMP(c)*[ppur(c,s,"inv",d)-pinvest(c,d)];   

                                                                                                                               (E 

4.40) 

Equation 

E_pinvest # Alias # (all,c,COM)(all,d,DST) 

pinvest(c,d) = ppur_s(c,"Inv",d);                                                                           (E 

4.41)                                                            

                                                               

Equation 

E_xinvi # Leontief technology for new capital creation # 

(all,c,COM)(all,i,IND)(all,d,DST)  

xinvi(c,i,d) = xinvitot(i,d);                                                                                   (E 

4.42)                                                                   

  

Equation 

E_xinv_s # Add up industry demands for investment goods # 

  (all,c,COM)(all,d,DST) 

ID01(INVEST_I(c,d))*xinv_s(c,d)= sum{i,IND,INVEST(c,i,d)*xinvi(c,i,d)};   (E 

4.43) 

                                                                                                                     

 

Where, 𝑥𝑖𝑛𝑣(𝑐, 𝑠, 𝑑)  is the investment demand for source specific goods for 

investors in region 𝑑; 

𝑥𝑖𝑛𝑣_𝑠(𝑐, 𝑑) is the demand for composite goods for investors in region 𝑑;  

𝑝𝑝𝑢𝑟(𝑐, 𝑠, "inv", 𝑑) is the investor’s purchasing price by sources; 

𝑝𝑖𝑛𝑣𝑒𝑠𝑡(𝑐, 𝑑) is the purchaser’s price of good 𝑐 for investment in region 𝑑; 

𝑥𝑖𝑛𝑣𝑖(𝑐, 𝑖, 𝑑) is the amount of good 𝑐 for investment in industry 𝑖 in region 𝑑; 
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𝑥𝑖𝑛𝑣𝑖𝑡𝑜𝑡(𝑖, 𝑑) is the % change industry investment; 

𝑝𝑝𝑢𝑟_𝑠(𝑐, "Inv", 𝑑) is the investor’s purchasing price for source composite good. 

The demand for the source-specific inputs for investment in region 𝑑 is shown in 

equation E 4.40. It indicates that the demand for each source specific investment 

commodity is proportional to the composite investment demand and the percentage 

changes in the price ratio [ ppur(c, s, "𝑖𝑛𝑣", d) − pinvest(c, d)]  representing the 

investors’ purchasing price to its nested investment price, which is multiplied by the 

substitution elasticities between domestic and imported goods, SIGMADOMIMP(c). The 

equality of the two investment prices, as shown in equation E 4.41, also represents the 

zero profit condition.  

At the top level nest in Figure 4.3, equation E 4.42 shows the Leontief technology 

for new capital creation. Finally, total investment demand (in percentage change form) 

for investment goods, 𝑥𝑖𝑛𝑣_𝑠(𝑐, 𝑑) equals the percentage change sums over industries of 

industry-specific demands for investment goods  𝐬𝐮𝐦{i, IND, INVEST(c, i, d) ∗

xinvi(c, i, d). 

4.4.9 Government Demands 

BD-TERM has one provincial or municipal government in each district of 

Bangladesh; however, there is no formal theory of government demand in the BD-TERM 

model. Equation E 4.44 demonstrates the percentage changes in regional government 

demand, 𝑥𝑔𝑜𝑣(𝑐, 𝑠, 𝑑) as the summation of three government demand 

shifters,  𝑓𝑔𝑜𝑣(𝑐, 𝑠, 𝑑),  𝑓𝑔𝑜𝑣𝑠(𝑐,𝑑),  and 𝑓𝑔𝑜𝑣𝑡𝑜𝑡(𝑑)  with different dimensions, 

respectively. These three shifters change the government demand function in different 

directions. For example, the 𝑓𝑔𝑜𝑣𝑡𝑜𝑡(𝑑) shifter varies according to the regions; the 

𝑓𝑔𝑜𝑣_𝑠(𝑐, 𝑑)  shifter varies along with the commodities and regions, and the 
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𝑓𝑔𝑜𝑣(𝑐, 𝑠, 𝑑) varies according to the commodities, sources, and regions, respectively. 

These shift variables allow for flexibility while estimating the government demands 

within a region. Moreover, they also provide flexibility so that government expenditure 

can move along with household consumption, which also ensures that greater household 

consumption requires more government expenditure for that region. 

Equation  

E_xgov (all,c,COM)(all,s,SRC)(all,d,DST) # Government Demand # 

xgov(c,s,d) =  fgovtot(d) + fgov(c,s,d) + fgov_s(c,d);                                  (E 4.44)                                                                                            

 

Where, 𝑥𝑔𝑜𝑣(𝑐, 𝑠, 𝑑) is the % change of regional government demand; 

𝑓𝑔𝑜𝑣𝑡𝑜𝑡(𝑑) is the % change government demand shifter; 

𝑓𝑔𝑜𝑣(𝑐, 𝑠, 𝑑) is the government demand shifter; 

𝑓𝑔𝑜𝑣_𝑠(𝑐, 𝑑)is the % change government demand shifter. 

4.4.10 Inventory and Export Demands 

Equation E 4.45 shows the exports demand for regional commodities. The 

percentage change in export demand for any commodities, 𝑥𝑒𝑥𝑝(𝑐, 𝑠, 𝑑) is related to an 

export quantity shift variable,𝑓𝑞𝑒𝑥𝑝(𝑐, 𝑠), and the absolute levels of the export price shift 

variable 𝑓𝑝𝑒𝑥𝑝(𝑐, 𝑠) , export price in local currency, 𝑝𝑝𝑢𝑟(𝑐, 𝑠, Exp, 𝑑) , and the 

exchange rate 𝑃𝐻𝐼 , subject to the own price elasticity of foreign export demand 

𝐸𝑋𝑃_𝐸𝐿𝐴𝑆𝑇(𝑐), respectively.  
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Equation 

E_xexp (all,c,COM)(all,s,SRC)(all,d,DST) # Exports Demand # 

xexp(c,s,d) = fqexp(c,s) - ABS[EXP_ELAST(c)] 

               * [ppur(c,s,"Exp",d) -fpexp(c,s) -phi];                                             (E 4.45) 

 

Equation 

E_xstocks (all,i,IND)(all,d,DST)# Inventory Demand # 

xstocks(i,d) = xtot(i,d);                                                                                   (E 4.46) 

 

Equation E 4.46 represents the inventory demand for region 𝑑. The percentage 

change in inventory demand for industry 𝑖, in region 𝑑,  𝑥𝑠𝑡𝑜𝑐𝑘𝑠(𝑖, 𝑑) is proportional to 

any changes in the 𝑖 industry output in region 𝑑, 𝑥𝑡𝑜𝑡 (𝑖, 𝑑).   

4.4.11 Delivering Commodities to Regions 

Figure 4.4 illustrates the details of demand sourcing for the BD-TERM model for 

Bangladesh. The figure shows the demand for a single commodity (e.g., vegetables) by a 

single user (households) in a single district (e.g., the Khulna district); a similar diagram 

would apply for other commodities and other regions of Bangladesh. The diagram 

consists of several nests that indicate different substitution possibilities while sourcing a 

commodity. All of the dotted boxes represent the value flows associated with each level 

of the nesting system.  

The bottom level of the nesting structure of the margins, where the margins on 

vegetables passing from north to the destination 𝑑 region, for example, Khulna, could 

also be produced in different regions. The figure also shows the sourcing mechanism by 

using the road margins. The CES function shows some scope for substitution for road 

margins from the origin region (north) to any destination region in the south (e.g., the 

Khulna district) and the middle region (middle). 
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The next upper level shows a “delivered” commodity 𝑐, for example, vegetables 

from the north region is a Leontief combination of vegetables along with the various 

margin goods. The share of each of the margins in the delivered price is specific to a 

particular combination of origin, destination, commodity, and sources. 

Moving up, the next level shows the sourcing of USE_U between the various 

domestic regions. The CES substitution possibilities imply that the regions, which have 

lower production costs for producing commodity 𝑐 or vegetables will tend to increase the 

market share compared to other regions. Thus, regional market shares can differ across 

different production regions within Bangladesh.  

Finally, the top nest of the structure shows that the regional user specific demand 

from domestic or imported vegetables in the Khulna region is determined by a CES 

function on the basis of the user-specific purchaser’s prices.  
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Figure 4.4: Sourcing mechanisms of the BD-TERM model 

 Source: (Horridge, 2012) 

 

Equations E 4.47 to E 4.53 explain how the regional sourcing of goods is 

determined in the BD-TERM model. Equation E 4.47 represents the percentage changes 
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in total demand for source-specific commodity 𝑐 in region 𝑑, 𝑥𝑡𝑟𝑎𝑑_𝑟(𝑐, 𝑠, 𝑑).  The total 

demand can be determined by considering any changes in the total intermediate 

demand  𝑥𝑖𝑛𝑡(𝑐, 𝑠, 𝑖, 𝑑) , total household consumption demand  𝑥ℎ𝑜𝑢(𝑐, 𝑠, 𝑑) , total 

investment demand 𝑥𝑖𝑛𝑣(𝑐, 𝑠, 𝑑), total government expenditure 𝑥𝑔𝑜𝑣(𝑐, 𝑠, 𝑑), and total 

exports demand, 𝑥𝑒𝑥𝑝(𝑐, 𝑠, 𝑑) from region 𝑑. 

Where, 𝑥𝑡𝑟𝑎𝑑_𝑟(𝑐, 𝑠, 𝑑) is the % change of total regional demand for delivered 

composite commodity 𝑐. 

 

 

Equation E 4.48 represents the Leontief demand for margins. The demand for 

margin good 𝑚 is used to facilitate the flow of source specific commodity 𝑐 from origin 

region 𝑟 to the destination region 𝑑. The 𝑥𝑡𝑟𝑎𝑑𝑚𝑎𝑟(𝑐, 𝑠, 𝑚, 𝑟, 𝑑) is defined as a product 

of the percentage change form of the quantity of good 𝑐, 𝑠 from orgin 𝑟 to the destination 

region 𝑑, 𝑥𝑡𝑟𝑎𝑑_𝑟(𝑐, 𝑠, 𝑑) and the margin technological term, 𝑎𝑡𝑟𝑎𝑑𝑚𝑎𝑟(𝑐, 𝑠, 𝑚, 𝑟, 𝑑), 

represented by the term [(xtrad(c,s,r,d) + atradmar(c,s,m,r,d)]. 

 

 

Equation 

Extra d_r # Total demand for regional composite c,s in d # 

(all,c,COM)(all,s,SRC)(all,d,DST) 

 ID01(USE_U(c,s,d))*xtrad_r(c,s,d) = sum{i,IND, USE(c,s,i,d)*xint(c,s,i,d)} 

             + USE(c,s,"hou",d)*xhou(c,s,d) 

             + USE(c,s,"inv",d)*xinv(c,s,d) 

             + USE(c,s,"gov",d)*xgov(c,s,d) 

             + USE(c,s,"exp",d)*xexp(c,s,d);                                                          (E 4.47) 
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Where, 𝑥𝑡𝑟𝑎𝑑𝑚𝑎𝑟(𝑐, 𝑠, 𝑚, 𝑟, 𝑑) is the demad for margin commodity 𝑚 to deliver 

source-specific commodity 𝑐 from origin 𝑟 to region 𝑑; 

𝑥𝑡𝑟𝑎𝑑_𝑟(𝑐, 𝑠, 𝑑)  is the % change of the total demand for regional composite 

commodity 𝑐, 𝑠 in region  𝑑; 

𝑎𝑡𝑟𝑎𝑑𝑚𝑎𝑟(𝑐, 𝑠, 𝑚, 𝑟, 𝑑)  is the technological change of the margin. 

Equation (E 4.49) shows the all-user delivered price of good 𝑐, 𝑠  from 𝑟  to𝑑 , 

𝑝𝑑𝑒𝑙𝑖𝑣𝑟𝑑(𝑐, 𝑠, 𝑟, 𝑑),  which is determined by the combination of both basic prices and the 

margins used to deliver that good.  

 

Where, 𝑝𝑑𝑒𝑙𝑖𝑣𝑟𝑑(𝑐, 𝑠, 𝑟, 𝑑) is the delivered price of origin-specific good 𝑐, 𝑠; 

𝑝𝑏𝑎𝑠𝑖𝑐(𝑐, 𝑠, 𝑟) is the % change of basic price of origin specific good 𝑐, 𝑠; 

𝑝𝑠𝑢𝑝𝑝𝑚𝑎𝑟_𝑝(𝑚, 𝑟, 𝑑) is the price of composite margin 𝑚 on goods from 𝑟 to 𝑑. 

Equation  

E_xtradmar # Leontief demand for margins # 

(all,c,COM)(all,s,SRC)(all,m,MAR)(all,r,ORG)(all,d,DST) 

xtradmar(c,s,m,r,d) =  xtrad(c,s,r,d) + atradmar(c,s,m,r,d);                                (E 4.48)                       

Equation  

E_pdelivrd # Delivered price of good c,s from r to d # 

(all,c,COM)(all,s,SRC)(all,r,ORG)(all,d,DST)  

pdelivrd(c,s,r,d) = BASSHR(c,s,r,d)*pbasic(c,s,r) + sum{m,MAR, 

MARSHR(c,s,m,r,d)*[psuppmar_p(m,r,d)+atradmar(c,s,m,r,d)]};                              (E 4.49)    
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Equation (E 4.50) shows the percentage change equation for determining the 

delivered price of regional composite good 𝑐, 𝑠 to 𝑑, 𝑝𝑢𝑠𝑒(𝑐, 𝑠, 𝑑), where the BD-TERM 

model assumes that the total delivered value of a regional composite good equals the sum 

of the delivered values of goods across origins.   

 

Where, 𝑝𝑢𝑠𝑒(𝑐, 𝑠, 𝑑) is the % change of delivered price of regional composite good 

𝑐, 𝑠 to region 𝑑. 

Equation E 4.51 shows the CES function based demand for the source-specific good 

𝑐 from origin 𝑟 to destination 𝑑, 𝑥𝑡𝑟𝑎𝑑(𝑐, 𝑠, 𝑟, 𝑑), which depends on the total demand for 

regional composite good 𝑐, 𝑠 in destination 𝑑 and price ratios, represented by percentage 

change form of [pdelivrd(c,s,r,d)-puse(c,s,d)] multiplied by the elasticity of substitution 

term  SIGMADOMDOM(c). 

 

Where 𝑆𝐼𝐺𝑀𝐴𝐷𝑂𝑀𝐷𝑂𝑀(𝑐) is the substitution elasticity between domestic good 

𝑐 from different regions. 

Equation  

E_puse # Delivered price of regional composite good c,s to d # 

(all,c,COM)(all,s,SRC)(all,d,DST) 

ID01(DELIVRD_R(c,s,d))*puse(c,s,d)  

                     = sum{r,ORG,DELIVRD(c,s,r,d)*pdelivrd(c,s,r,d)};                                   (E 4.50) 

Equation  

E_xtrad # CES between goods from different regions # 

(all,c,COM)(all,s,SRC)(all,r,ORG)(all,d,DST)  

xtrad(c,s,r,d) = xtrad_r(c,s,d)- SIGMADOMDOM(c)*[pdelivrd(c,s,r,d)-puse(c,s,d)];        (E 4.51)                                                                                                                   
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The equations related to margin demands, which are required to deliver the 

commodities from origins to destinations, and finally, to the end users, are described by 

equations E 4.52 and E 4.53, respectively.  

The quantity supply of the margin commodity 𝑚  produced in region 𝑝 for 

supplying goods from origin 𝑟 to region 𝑑, 𝑥𝑠𝑢𝑝𝑝𝑚𝑎𝑟(𝑚, 𝑟, 𝑑, 𝑝), presented in Equation 

E 4.52 is based on the CES functional form where the margin supply moves with the 

overall quantity of composite margins, 𝑥𝑠𝑢𝑝𝑝𝑚𝑎𝑟_𝑝(𝑚, 𝑟, 𝑑)  and the relative prices 

[pdom(m,p)-psuppmar_p(m,r,d)] subject to the substitution elasticity SIGMAMAR(m).      

Furthermore, Equation E 4.53 describes the supply of the composite margins on 

margin commodity 𝑚 from origin 𝑟 to destination𝑑, 𝑥𝑠𝑢𝑝𝑝𝑚𝑎𝑟_𝑝(𝑚, 𝑟, 𝑑), which is the 

sum over the total demand for margins 𝑚   on goods  𝑐, 𝑠  passing from orgin 𝑟  to 

destination  𝑑 ,as described by sum{c,COM, sum{s,SRC, 

TRADMAR(c,s,m,r,d)*xtradmar(c,s,m,r,d)}}.  

 

Equation  

E_xsuppmar # Margin m supplied by p on goods passing from r to d # 

 (all,m,MAR)(all,r,ORG)(all,d,DST)(all,p,PRD) 

  xsuppmar(m,r,d,p) = xsuppmar_p(m,r,d) 

           - SIGMAMAR(m)*[pdom(m,p)-psuppmar_p(m,r,d)];                                            (E 4.52) 

Equation  

E_xsuppmar_p # Composite margin m on goods passing from r to d # 

 (all,m,MAR)(all,r,ORG)(all,d,DST)  

  ID01(TRADMAR_CS(m,r,d))*xsuppmar_p(m,r,d) = 

   sum{c,COM, sum{s,SRC, TRADMAR(c,s,m,r,d)*xtradmar(c,s,m,r,d)}};                      (E 4.53)                                                              
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Where, 𝑥𝑠𝑢𝑝𝑝𝑚𝑎𝑟_𝑝(𝑚, 𝑟, 𝑑) is the quantity of composite margin good 𝑚 from 

origin 𝑟 to region 𝑑; 

𝑥𝑠𝑢𝑝𝑝𝑚𝑎𝑟(𝑚, 𝑟, 𝑑, 𝑝) is the supply of regional composite margin good 𝑚 from 

origin 𝑟 to region 𝑑; 

𝑆𝐼𝐺𝑀𝐴𝑀𝐴𝑅(𝑚) is the substitution elasticity between margin origins; 

𝑝𝑑𝑜𝑚(𝑚, 𝑝) is the % change of basic prices of margin good 𝑚 produced in region 

𝑑; 

𝑇𝑅𝐴𝐷𝑀𝐴𝑅_𝐶𝑆(𝑚, 𝑟, 𝑑) is the demand for margin commodity to deliver source 

specific commodity 𝑚 from origin 𝑟 to region 𝑑. 

4.4.12 Basic Prices 

Equations E 4.54, E 4.55, and E 4.56 show the prices for domestic and imported 

commodities. The overall price system in the BD-TERM model is based on two 

assumptions. First, there are zero profit conditions for production, importing, exporting 

and distribution. Secondly, the prices received by the producer are uniform across all the 

customers.  

Equation  

E_pbasicA (all,c,COM)(all,r,ORG) # Basic prices of Domestic Goods# 

pbasic(c,"dom",r) = pdom(c,r);                                                                          (E 4.54)                 

E_pbasicB (all,c,COM)(all,r,ORG) # Basic prices of Imported Goods # 

pbasic(c,"imp",r) = pimp(c,r);                                                                                              

(E 4.55) 

E_pimp (all,c,COM)(all,r,ORG) # price of imports # 

pimp(c,r) = pfimp(c,r) + phi;                                                                            (E 4.56)                                                                  

 

Equation E 4.54 for the BD-TERM model shows the domestic 

goods  𝑝𝑏𝑎𝑠𝑖𝑐(𝑐, "dom", 𝑟)  are similar to domestic prices 𝑝𝑑𝑜𝑚(𝑐, 𝑟). Basic prices of 
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imported goods 𝑝𝑏𝑎𝑠𝑖𝑐(𝑐, "imp", 𝑟)  are similar to the import prices  𝑝𝑖𝑚𝑝(𝑐, 𝑟) , 

represented by equation E 4.56. However, the price of the import includes both the foreign 

currency import prices 𝑝𝑓𝑖𝑚𝑝(𝑐, 𝑟) and the nominal exchange rate 𝑝ℎ𝑖.  

4.4.13 Purchasers Prices  

The purchasers’ price 𝑝𝑝𝑢𝑟(𝑐, 𝑠, 𝑢, 𝑑) is computed by including both margins and 

taxes. The zero profit conditions on the distribution of commodities can be established by 

setting the prices by including the basic price of the commodity 𝑐, 𝑝𝑢𝑠𝑒(𝑐, 𝑠, 𝑑) including 

the cost of margins and commodity taxes.   

Equation  

E_ppur # Purchasers prices # 

(all,c,COM)(all,s,SRC)(all,u,USR)(all,d,DST) 

 ppur(c,s,u,d) = puse(c,s,d) + tuser(c,s,u,d);                                                        (E 

4.57) 

 

Where, 𝑡𝑢𝑠𝑒(𝑐, 𝑠, 𝑢, 𝑑) is the power of commodity taxes on source specific good 𝑐 

in 𝑑. 

4.4.14 Market Clearing for Domestic and Imported Commodities 

The market clearing conditions state that total demand equals total supply for 

domestically produced margin and non-margin commodities and for imported 

commodities.  

 Equation E 4.58 states that the percentage change in total real demand in 

region  𝑟, 𝑡𝑜𝑡𝑑𝑒𝑚(𝑐, 𝑠, 𝑟)  is the sum across region d of quantity of source specific 

commodity 𝑐 from  𝑟 to region 𝑑, 𝑥𝑡𝑟𝑎𝑑(𝑐, 𝑠, 𝑟, 𝑑). 
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Equation  

E_totdem # Total direct demands for domestic and imported goods in r # 

(all,c,COM)(all,s,SRC)(all,r,ORG) ID01(TRADE_D(c,s,r))*totdem(c,s,r) = 

                              sum{d,DST,TRADE(c,s,r,d)*xtrad(c,s,r,d)};                         (E 

4.58)                                                                         

 

Where, 𝑡𝑜𝑡𝑑𝑒𝑚(𝑐, 𝑠, 𝑟) is the % changes of total direct demand for domestic or 

imported goods in region 𝑟. 

Equation E 4.59 shows the market clearing equation for non-margins commodities. 

The percentage change form of total supply of domestic non-margins commodities 𝑐 in 

region𝑟, 𝑥𝑐𝑜𝑚(𝑐, 𝑟) is equal to the percentage change of the total direct demands for 

domestically produced commodity 𝑐 in region  𝑟, 𝑡𝑜𝑡𝑑𝑒𝑚(𝑐, 𝑑𝑜𝑚, 𝑟). Equation E 4.60 

presents the market clearing equations for margins commodity 𝑚 (the model assumes that 

margin commodities can only be produced domestically in the BD-TERM model). 

According to the equation, the percentage change form of the total supply of domestic 

margin commodities 𝑐 in region 𝑝 𝑥𝑐𝑜𝑚(𝑚, 𝑝) must be equal to the 𝑡𝑜𝑡𝑑𝑒𝑚(𝑚, 𝑑𝑜𝑚, 𝑝) 

and the percentage changes in the total demands for the commodity as a margin produced 

in region 𝑝, 𝑥𝑠𝑢𝑝𝑝𝑚𝑎𝑟_𝑟𝑑(𝑚, 𝑝). 
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Equation  

E_pdomA # Demand = supply for non-margins # 

(all,c,NONMAR)(all,r,REG) 

 xcom(c,r) = totdem(c,"dom",r);                                                                   (E 4.59)                                                                         

 

Equation  

E_pdomB # Demand = supply for margins # 

(all,m,MAR)(all,p,REG) 

MAKE_I(m,p)*xcom(m,p) = TRADE_D(m,"dom",p)*totdem(m,"dom",p) 

                          + SUPPMAR_RD(m,p)*xsuppmar_rd(m,p);                              (E 

4.60)            

 

4.4.15 Income and Expenditure Side GDP 

Equation E 4.61 and E 4.62 represent the income and expenditure side gross 

domestic products (GDP). The income side GDP in region  𝑑 ,  𝐺𝐷𝑃𝐼𝑁𝐶(𝑑)  can be 

calculated for the BD-TERM model by including the factors such as land, labour, capital, 

production taxes and commodity taxes. The expenditure side GDP in region  𝑑 , 

𝐺𝐷𝑃𝐸𝑋𝑃(𝑑), can be calcualted by summing the total consumption by “household”, 

“investors”, “government”, “stocks”, “exports”, “imports”, and “net-margins”. The 

national level macro variables, including the national GDP, are the aggregation of the 

regional macro results.  

Equation  

E_wgdpinc (all,d,DST) # Income side GDP # 

GDPINC(d)*wgdpinc(d) = 100*sum{i,GDPINCCAT, delGDPINC(d,i)};                      (E 4.61) 

 

Equation 

 E_contxgdpexp (all,i,GDPEXPCAT)(all,d,REG) # Expenditure Side GDP # 

 GDPEXP(d)*contxgdpexp(i,d) = 100*RATIOGDPEXP(d)*delXGDPEXP(d,i);           (E 4.62)                                                                              
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Where, 𝑤𝑔𝑑𝑝𝑖𝑛𝑐( 𝑑) is the % change of the nominal income side GDP in region 

𝑑;  

𝑑𝑒𝑙𝐺𝐷𝑃𝐼𝑁𝐶(𝑑, 𝑖) is the ordinary change in the nominal income GDP components; 

𝑐𝑜𝑛𝑡𝑥𝑔𝑑𝑝𝑒𝑥𝑝(𝑑, 𝑖) is the contribution to the % change of real GDP expenditure;  

𝑅𝐴𝑇𝐼𝑂𝐺𝐷𝑃𝐸𝑋𝑃(𝑑) is the ratio of current to initial real expenditure GDP; 

𝑑𝑒𝑙𝑥𝐺𝐷𝑃𝐸𝑋𝑃(𝑑, 𝑖)  is the ordinary change in nominal expenditure GDP 

components. 

4.5 GEMPACK SOFTWARE 

The General Equilibrium Modelling Package (GEMPACK) computing software 

was used to construct the Bangladesh input-output database for top-down and bottom-up 

models and also to conduct the long run climate change and sea level rise experiments for 

Bangladesh. While solving CGE models, early modellers used special-purpose programs, 

usually written in Fortran, where a computer programmer was required to convert the 

theory into the computing programming language (for more details, see Horridge & 

Pearson, 2011). General purpose software was later developed in the 1970s at the World 

Bank16, namely the General Algebraic Modelling System to handle the solution for large 

scales, non-linear optimisation problems. GEMPACK software was firstly developed in 

1984 for teaching, and all the subsequent versions of this software have been utilised by 

other countries, particularly Australian CGE modellers, to solve ORANI and other related 

CGE models17. This software is especially suitable for CGE modelling; however, it can 

                                                 

16 An early history of General Algebraic Modelling System was published by Kallarath (2004, pp. 20-21). 

17 More details about every section of this software can be found in the GEMPACK Manual (Harrison, 

Horridge, Jerie, & Pearson, 2014).  

 

 



125 

 

also handle other possible economic behaviours. GEMPACK software is well known, not 

only among Australian CGE modellers but also amongst international CGE modellers 

while solving a model based on the Australian CGE model. GEMPACK is also 

particularly known for its ability to calculate the accurate solution of the model and to 

identify any possible errors while running different parts of the program. Moreover, this 

program helps the modeller to visualise model codes, data, and the results clearly in order 

to provide a greater understanding of the results, not only by the modellers but also 

policymakers.  

4.6 THE MODEL DATABASE 

This section explains the construction of the base year top-down and the BD-TERM 

model's database preparation mechanisms. In order to implement top-down and bottom-

up models, a disaggregated 57 sectors and 64 regions database needed to be prepared for 

both models. 2011 was chosen as the base year for this research. The starting point of 

preparing the database was the national I-O table of Bangladesh for the year 2011, 

published by the GTAP database (Noman & Jong-Hwan, 2002). For the regional level, 

the key data sources were the district level statistical reports (BBS, 2013), distance matrix 

reports from the Department of Roads and Highways (Roads and Highways Department 

[RHD], 2007), Bangladesh household income and expenditure survey data (BBS, 2010), 

vital statistical reports of Bangladesh (BBS, 2016a) and World Bank reports (World 

Bank, 2013a).  

4.6.1 Basic Structure of CGE Model Database 

The key source of the database of a typical CGE model is the input-output (I-O) 

table. The I-O table demonstrates the cost structure of the economy for the intermediate 

and primary factor inputs, plus the taxes on production, less any subsidies received. The 

overall I-O table represents the valuation of the total sales of the output of commodities 
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in each industry to different users in the economy. The table also shows the equilibrium 

within the economy by showing that the total value of all outputs must be equal to the 

values of all inputs and that the total demand of goods and services must be equal to the 

total supply of goods and services.  

The basic data structure of the national economy is closely followed by the ORANI 

structure (Dixon et al., 1982). This data structure, as shown in Figure 4.5, demonstrates 

the schematic representation of the model’s I-O tables. It also reveals the model’s basic 

structure, which is also called an absorption matrix. The absorption matrix demonstrates 

the commodity flows in the base year, for example, a 𝑡 year in one economy to producers, 

consumers, government, exporters, and inventory accumulation. The column headings 

identify the following demanders: 

1. Domestic producers; 

2.  Investors; 

3.  A single representative household; 

4. An aggregated foreign purchaser of exports; 

5. Government demands; 

6. Changes in inventories. 
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Figure 4.5: Input-Output Table (schematic representation) 

Source: (Dixon et al., 1982; Horridge et al., 1995) 

 

Each of the commodity types, 𝑐, described in the model are sourced as domestic or 

imported from overseas. The source specific commodities are consumed by all of the final 

users within the economy. The objects mentioned in each of the seven rows are demanded 
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by the final demanders, specified in each of the six columns of the absorption matrix. This 

implies that each entry in each row under every column represents the sales composition 

of that particular object towards the final demanders in the economy. For example, the 

first row of the first part of Figure 4.5 contains the matrices that show the sale of each 

commodity at basic prices from a domestic or foreign source to the six user groups, such 

as producers, investors, household, exporters, government, and inventories.  

Each cell in the absorption matrix mentions the name of the corresponding data 

matrix. The first row, V1BAS to V6BAS, in the absorption matrix consists of the 

valuations of commodities at basic prices used by different users excluding margin costs 

and sales taxes. These commodities can be used as intermediate inputs to the current 

production (V1BAS); used by the industry for capital formation (V2BAS); consumed by 

the households (V3BAS); exported (V4BAS); used by the government (V5BAS), and 

added to or subtracted from the stocks (V6BAS). Similar descriptions are applicable for 

other rows. The matrices V1MAR to V5MAR in row 2 illustrate the relationship between 

the total margins used by different users. Each entry of row 2 represents the values of 

domestically produced margin commodities used in facilitating the flows identified in the 

row 1 matrix. Similar to row 1, all of the margin valuations are at basic prices. The 

matrices V1TAX to V5TAX in row 3 show the sale taxes paid in the delivery of domestic 

and imported goods to different users. Any number of the sale tax rows will represent the 

subsidy paid on a domestic or imported commodity used by different users. The matrices 

in rows 4 to 6 describe the inputs of primary factors, such as occupation-specific labour 

(V1LAB), fixed capital (V1CAP), and land (V1LND) required by industries in current 

production. While considering the description of the column, the first column of the 

matrix represents the relationship with domestic industries: purchasers of the source-

specific commodities at basic prices as inputs to current production (V1BAS), valuations 
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of margins (V1MAR)18; commodity taxes payable on the purchases (V1TAX), usage of 

labour (V1LAB), usage of capital (V1CAP), usage of land (V1LND), production taxes 

(V1PTX), and the user-specific subsidies (V1OCT). Similar descriptions are applicable 

for other columns of Figure 4.5.  

The rest of the table, including the MAKE matrix, is presented in the second part 

of Figure 4.5 In principle, the MAKE matrix at the bottom of Figure 4.5 shows that the 

value of the output of each of commodity by each industry is capable of producing any 

of the 𝐶 commodity types.  

Finally, the absorption matrix and the MAKE matrix should satisfy two conditions. 

First, the industry costs, (the column sum across all inputs of the absorption matrix) 

should be equal to the basic values of industry output (the column sum of the MAKE 

matrix). Second, for each commodity, the total basic values of domestic commodity 

inputs (the row sum of the MAKE matrix) should be equal to the total basic values for 

the total demand for the domestic commodity. These two conditions imply the key 

balancing conditions for an input-output database of any CGE modelling. They also 

satisfy the national income identity that the income side of the GDP is equal to the 

expenditure side of the GDP. Hence, the market equilibrium conditions are also satisfied 

in the economy.   

4.6.2 Bangladesh National Database  

The regional database for the top-down and the BD-TERM models started from the 

Bangladesh national I-O table and the national database. The Bangladesh national 2011 

I-O table, extracted from the GTAP database, prepared by Noman and Jong-Hwan (2002). 

                                                 

18 Note that in the Bangladesh national model databases, V1MAR to V5MAR are all zero due to the features 

of original Bangladesh I-O table.   
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According to Noman and Jong-Hwan (2002), the latest Bangladesh I-O table was 

constructed for the GTAP database 5 using the Bangladesh I-O table (1993-94) and other 

database sources. The Bangladesh national I-O table uses 57 numbers of industries, where 

the sectors are grouped as a commodity by commodity and include 79 sectors. The 

Bangladesh I-O table provides only the transactions table at the producer’s prices. In order 

to calculate the transactions table for the imported goods and services, the share matrix 

of imported goods and services was first calculated and the share matrix was then 

multiplied by the column of imports to finally obtain the matrix of intermediate goods 

and services for imports. Finally, the transaction table for domestic goods and services 

was calculated by Noman and Jong-Hwan (2002) by subtracting the imports from the 

total uses. A similar procedure was applied in generating the final demand matrix for the 

imported and domestic goods and services in this study. Final demand included the 

consumption expenditure, government consumption, gross fixed capital formation, 

changes in stocks and changes in exports. For any of the unavailable data, zero values 

were assigned in the database.  

4.6.3 Top-down Regional Model Database 

Both a top-down regional extension database and a bottom-up database for regions 

based on the Bangladesh national database were developed for this study. According to 

the top-down model construction assumption, there is no technological difference in each 

industry in each region. Moreover, the top-down model also does not require the full trade 

matrices across regions like the BD-TERM model. Therefore, the core requirement of the 

database preparation is the base year sectoral proportions for 57 sectors and 64 regions of 

Bangladesh. The following points describe the regional data required to demonstrate the 

distribution of the industry outputs across regions; 

 R001 represents the industry output shares for each region. This data can be 

based on the value data or on physical units (for example, tonnes of wheat) or 
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the number employed. R001 is a matrix size IND × REG where, for example, 

R001 ( 𝑖, r) shows the proportion of national industry 𝑖, which is located in 

region 𝑟. 

 R002 indices the investment shares across 64 regions for each of the sector.  

 R003 represents the household spending shares across 64 regions. R003 is a 

matrix of size COM × REG. 

 R004 indices the regional export shares by commodity. For example, R004(c,r) 

shows the proportion of national exports of good 𝑐 that leave from region 𝑟. 

 R005 represents the government spending shares across regions. The matrix 

size is COM × REG. 

 R006 represents the inventory shares across regions. The matrix size is 

COM*REG. 

The sum of the proportions across the regions would then be 1; that is, ∑r R001 (i, 

r) = 1.  

Both the top-down and TERM models require similar industry regional proportions 

of industries for each region in the base year. Thus, similar output proportions were 

utilised for both the BD-TERM and top-down models. The following procedure was 

therefore applied to construct the regional proportions for preparing the base year 

database across 57 sectors (producing 57 commodities) and 64 districts of Bangladesh: 

Step 1: the district level secondary data for sectoral production were collected from 

various sources in Bangladesh. The key sources of constructing the regional database 

were: 
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1. The I-O table 2011 for Bangladesh; prepared as part of the GTAP 

modelling system (Noman & Jong-Hwan, 2002); 

2. Bangladesh household income and expenditure survey data, conducted by 

the Bangladesh Bureau of Statistics, (BBS, 2010); 

3. Bangladesh District Level statistical reports, prepared by the Bangladesh 

Bureau of Statistics (BBS, 2013); 

4. Statistical Yearbook of Bangladesh, prepared by the Bangladesh Bureau 

of Statistics, (BBS, 2013). 

Step 2:  the sectoral proportion of sectoral production was prepared for every district 

towards the nation’s total production. While preparing the proportions, either the land 

area used for production or total employment was used depending on data availability. In 

the case of crop sectors, land area for production (in acres) was considered rather than 

only focusing on the output in order to minimise the variation among proportions through 

output changes. In the case of livestock industries, such as production, the total number 

of farm holdings was considered. For mining and manufacturing and services, the total 

number of employees was considered for 64 districts. In the case of any missing data, 

either average estimations were completed based on other available sources or zero values 

was chosen. The following is the formula used to prepare the 57 sectoral proportions for 

64 regions.  
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After preparing the disaggregated database for 57 sectors and 64 districts, the final 

database aggregation was compiled for 17 sectors and 64 regions for the top-down model 

(see Appendix 4A for the aggregation of sectors for the top-down model. Appendix 4B 

presents the base year proportions across 64 districts19).  

4.6.4 BD-TERM Regional Model Database 

The TERM model database preparation mechanism contains two features.  

Firstly, the common sourcing assumption to assign flows of commodities to users. 

This assumption implies that each user of a commodity in a given region source that 

commodity from all other regions in common proportions.  

                                                 

19 Note: the base year proportions presented in Appendix 4B are in percentage change form, where the sum 

of proportions across 64 regions would be: 

∑
Xr

∑ Xr
64
r=1

64

r=1

∗ 100 = 100 

 

 

In the base year, for example, 𝑡 year, for any region 𝑟,  if the total area of the paddy 

sector for a single region 𝑟 = 𝑋𝑟(𝑀𝑒𝑡𝑟𝑖𝑐 𝑡𝑜𝑛) 

and  

if the country’s total production of paddy (𝑌) = ∑ 𝑋𝑟
64
𝑟=1 (𝑀𝑒𝑡𝑟𝑖𝑐 𝑡𝑜𝑛)  

Then, the paddy sector output shares in the region were 𝑟 (𝑍) =  
𝑋𝑟

∑ 𝑋𝑟
64
𝑟=1

 

Therefore, the sum of proportions across 64 regions in 𝑡 year would be 1; that is: 

∑
Xr

∑ Xr
64
r=1

64

r=1

= 1 
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Secondly, the supplied margins can originate in a region other than the origin or 

destination regions of the delivered good or service.  

The BD-TERM model database preparation closely follows the database 

preparation procedure of Australian TERM model database developed by Horridge 

(2012). According to Horridge (2012), bottom-up regional database construction follows 

a number of steps, along with a combination of multiple data files. In every stage, the 

model needs some specific form of data files as part of the input data file to prepare the 

output data file for the next step. In every step of the database construction, the model 

either needs the output files from the previous steps as the input files for the next step or 

it requires additional data as part of the inputs for the next step. Therefore, the overall 

data construction processes for the bottom-up database preparation consists of three 

central stages:  

Stage 1: This stage includes first checking the single country database. Moreover, 

additional data, required for preparing the next stage of the database preparation is also 

checked. 

Stage 2:  This stage requires the preparation of the regional production and final 

demand shares towards its final demanders within the national database. This process also 

involves the preparation of the regional supply and demand for both domestic and 

imported goods. The regional trade matrix is also prepared at this stage. Finally, the 

required data needs to be formatted to prepare the final TERM model database. After 

compiling the national database, a combined regional database for the BD-TERM model 

should be available. Figure 4.7 represents the schematic representation of the TERM flow 

database.  
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Stage 3: After preparing the TERM model disaggregated model database, the final 

model aggregation of regions and sectors is prepared in order for the model to run 

efficiently and perform the simulations quickly.  

STAGE 1: 

4.6.4.1 Simplified Bangladesh National Database 

The key purpose of Stage 1 of the bottom-up database preparation was to simplify 

the national database from the original national database. The overall process began with 

the national database as an input while preparing the first stage of the simplified national 

database. Therefore, one of the key purposes of the national database simplification was 

to discard some of the detail in the database that was not required by the TERM model. 

The following are the key changes in the original national Bangladesh database according 

to Figure 4.6. The domestic absorption matrix shows the valuations of commodities at the 

basic prices used by different users including the industries and the final demanders. 

According to Figure 4.5, all of the matrices V1BAS, V2BAS, V3BAS, V4BAS, V5BAS 

and V6BAS are consolidated into one matrix in the simplified absorption matrix. The first 

row in Figure 4.6 represents the single BASIC matrix across commodities, sources, and 

users, including the industries and final demanders (COM*SRC*USR). Similar 

consolidations were completed for the TAX and the MARGINS matrices. The UTAX and 

UMAR matrices were generated with the dimension COM*SRC*USR and 

COM*SRC*USR*MAR for the TAX and MARGIN matrices by consolidating the 

original valuation matrices V1TAX to V5TAX in row 3 and V1MAR to V5MAR in row 

2, respectively. In addition to the above-mentioned changes, some other adjustments were 

also made to the model to make the national database suitable for preparing the bottom-

up regional database. As mentioned earlier, to prepare the bottom-up database, the 2011 

Bangladesh I-O table was extracted from the GTAP database, prepared by Noman and 
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Jong-Hwan (2002). However, minimal modifications were made in this study, as per the 

study requirements.  

 

Figure 4.6: Simplified national database for Bangladesh 

Source: Horridge (2012) 

STAGE II: 

The regional database proportions for the bottom-up model were created in the 

second stage. Figure 4.7 represents the schematic representation of the BD-TERM flow 

database.  
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4.6.4.2 Input-output (I-O) Table for Regions  

In order to compile the I-O table for each region, the BD-TERM model required the 

district level shares for industry outputs and final demand. As the top-down model and 

its database were first developed for this study, similar top-down regional database 

proportions, as mentioned in Section 4.6.3, were utilised to prepare the BD-TERM model 

database for 57 sectors and 64 regions. The BD-TERM model also required the district 

level shares, similar to the top-down model, such as R001, R002, R003, R004, R005, and 

R006 matrices as the required regional data. Further details relating to the aggregated 

database for the BD-TERM model are discussed in Stage III. Meanwhile, by using the 

regional shares, it was possible for the BD-TERM model to split the user columns of 

Figure 4.6 according to the destination regions.  

4.6.4.3 Inter-Regional Trade Matrix 

The next stage of the TERM model database preparation was to construct the 

TRADE matrix for the right side of Figure 4.7. For each of the domestic or imported 

commodities, TRADE matrix consisted of a 64 × 64 submatrix, where the rows 

corresponded to the regions of origin and columns correspond to the regions of use. 

Moreover, the diagonal elements of the TRADE matrix represented the production 

consumed locally.  

It was also assumed in this study that regional excess supply and excess demand 

were trade values across regions. In order to distribute the excess supply and to satisfy 

the excess demand at the regional level, the gravity formulae were applied. Traditional 

gravity formulae show that the trade volumes follow an inverse power of the distance. 

The BD-TERM model also required the TRADE matrix to be prepared based on the 

number of the equations based on distance matrix and gravity formulae (see Equations E 

4.63 to E 4.71 for the conventional gravity formulae). 
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The two important control totals of trade are: 

ALLSUPPLY(c,s,r)=  ∑ 𝑇𝑅𝐴𝐷𝐸(𝑐, 𝑠, 𝑟, 𝑑)𝑑    (E 4.63) 

Where, ALLSUPPLY(c,s,r) = amount of c, s sourced from r; 

𝑇𝑅𝐴𝐷𝐸(𝑐, 𝑠, 𝑟, 𝑑)= basic value of good c, s used in d and sourced from r; 

And  

ALLDEMAND(c,s,d) = ∑ 𝑇𝑅𝐴𝐷𝐸(𝑐, 𝑠, 𝑟, 𝑑)𝑟    (E 4.64) 

Where, ALLDEMAND(c, s, d) = amount of c, s used in d; 

Another matrix assumed is: 

SOURCESHR(c, s, r, d) = Share, of c to d, which comes from r 

A conventional gravity formula would have the form: 

SOURCESHR(c, s, r, d) =  

LAMBDA(c, s, d)*ALLSUPPLY(c, s, r)/[𝐷𝐼𝑆𝑇𝐴𝑁𝐶𝐸(𝑟, 𝑑)2] (E 4.65) 

Where, LAMBDA(c, s, d) is chosen to satisfy ∑ 𝑆𝑂𝑈𝑅𝐶𝐸𝑆𝐻𝑅(𝑐, 𝑠, 𝑟, 𝑑) = 1𝑟 ; 

𝐷𝐼𝑆𝑇𝐴𝑁𝐶𝐸(𝑟, 𝑑)𝑖𝑠 𝑡ℎ𝑒 𝑑𝑖𝑢𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑜𝑟 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑖𝑛𝑔 𝑔𝑜𝑜𝑑 𝑐 𝑓𝑟𝑜𝑚 𝑟 𝑡𝑜 𝑑. The 

value of the variable can be read from the distance matrix, which is estimated in terms of 

the distance between each region.  

The estimation begins by calculating; 

OWNSHARE(c, s, d) = MIN[1, SUPPRATIO(c,s,d)]*[1 - (0.2DISTFAC(c,s))]         

(E4.66) 

Where, OWNSHARE(c, s, d) = Proportion of demand sourced locally; 

SUPPRATIO(c, s, d) = ALLSUPPLY(c, s, d)/ALLDEMAND(c, s, d)

 (E4.67) 



139 

 

and 

DISTFAC(c, s) = distance factor for gravity formula, normally 1, that is, where the 

local supply is sufficient to satisfy local demand, it is assumed that the majority of 

the products are sourced from locally.  

For other elements of the SOURCESHR(c, s, r, d), the model assumes: 

𝑆𝑂𝑈𝑅𝐶𝐸𝑆𝐻𝑅(𝑐, 𝑠, 𝑟, 𝑑) =

[𝐴𝐿𝐿𝑆𝑈𝑃𝑃𝐿𝑌(𝑐, 𝑠, 𝑟)0.5] /  𝐷𝐼𝑆𝑇𝐴𝑁𝐶𝐸(𝑟, 𝑑)𝐷𝐼𝑆𝑇𝐹𝐴𝐶(𝑐.𝑠) ]*  𝐷𝐸𝐹𝑅𝐸𝐺(𝑐, 𝑠, 𝑟) ∗

𝐿𝐴𝑀𝐵𝐷𝐴(𝑐, 𝑠, 𝑑)       (E 4.68) 

Where, 𝐿𝐴𝑀𝐵𝐷𝐴(c, s, d) is chosen to satisfy ∑ 𝑆𝑂𝑈𝑅𝐶𝐸𝑆𝐻𝑅(𝑐, 𝑠, 𝑟, 𝑑) = 1𝑟  and 

𝐷𝐸𝐹𝑅𝐸𝐺(𝑐, 𝑠, 𝑟) = 0.1 for regions where SUPPRATIO(c,s,r) <1, and is otherwise 

1. 

By applying a share (SOURCESHR) the TRADE values can be inferred as: 

∑ 𝑇𝑅𝐴𝐷𝐸(𝑐, 𝑠, 𝑟, 𝑑) = 𝐴𝐿𝐿𝐷𝐸𝑀𝐴𝑁𝐷 (𝑐, 𝑠, 𝑑)𝑟    (E 4.69) 

but not sure about,  

∑ 𝑇𝑅𝐴𝐷𝐸(𝑐, 𝑠, 𝑟, 𝑑) = 𝐴𝐿𝐿𝐷𝑆𝑈𝑃𝑃𝐿𝑌 (𝑐, 𝑠, 𝑟)𝑑    (E 4.70) 

Similarly, 𝑇𝑅𝐴𝐷𝑀𝐴𝑅(𝑐, 𝑠, 𝑚, 𝑟, 𝑑) ∝ 𝐷𝐼𝑆𝑇𝐴𝑁𝐶𝐸(𝑟, 𝑑)
1

2 ×  𝑇𝑅𝐴𝐷𝐸(𝑐, 𝑠, 𝑟, 𝑑)

          (E 4.71) 

Where, 𝑇𝑅𝐴𝐷𝑀𝐴𝑅(𝑐, 𝑠, 𝑚, 𝑟, 𝑑)  is the transport costs of commodity c from 

producing region r to destination region d. 

The initial computations of TRADE and TRADMAR should then be adjusted by 

using the RAS procedure. In the TRADE matrix, rows in the matrix correspond to the 

region of origin and the columns correspond to the region of destination. Therefore, the 

total supply of commodities from destinations regions should equal the total demand of 
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commodities by the use regions (row totals should be same as the column totals). For the 

BD-TERM model, the relative distance numbers were utilised to prepare the TRADE 

matrix based on the kilometre distances between the districts, taken from the distance 

matrix data from Bangladesh Department of Roads and Highways (RHD, 2007).  
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USER  x  DST

IND

USE

(c,s,u,d)

Delivered value of demands:

basic + margins (ex_tax)

quantity: xint(c,s,i,d)

price: puse(c,s,d)

COM 

x

 SRC

INVEST(c,i,d)

purchasers value of good c used

for investment in industry i in d

price: pinvest (c,d)

quantity: xinvi(c,i,d)

TAX

(c,s,u,d)

Commodity taxes
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CAP(i,d) capital rental

LND(i,d) land rentals
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+

+

+

=

=

MAKE
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= =
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+ sum{m,MAR, TRADMAR(c,s,m,r,d)}
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quantity: xtrad(c,s,r,d)

=

TRADE

(c,s,r,d)

goods c, s, from r to d at basic prices

price: pbasic(c,s,r)

quantity: xtrad(c,s,r,d)

TRADMAR

(c,s,m,r,d)

margin  m on good c, s from r to d  

price: psuppmar_p(m,r,d)

quantity: xtradmar(c,s,m,r,d)

SUPPMAR

(m,r,d,p)

Margins supplied by p on goods passing 

from r to d

update: 

xsuppmar(m,r,d,p) * pdom(m,p)

MAKE_I(m,p)=SUPPMAR_RD(m,p) + 

TRADE_D(m,"dom",p):

TRADMAR_CS(m,r,d)

SUPPMAR_P(m,r,d)

CES sum over p in REGPRD

sum over COM and SRC

MAKE_I

(c,d)

domestic

commodity
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(c,s,d)

=
sum over
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Figure 4.7: The BD-TERM flow database  

Source: adopted from Horridge (2012, p.18) 
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STAGE III 

4.6.4.4 Aggregation Versions of BD-TERM Model  

In the third stage, two versions of the BD-TERM model were used for this study, 

one without regional aggregation and one with regional aggregation. The former is 

referred to as the “disaggregated” model, whereas the latter is the “aggregated model”.  

As mentioned earlier, this study began with the disaggregated model with 57 GTAP 

database sectors. In order to solve the model efficiently, the 57 GTAP database sectors 

were mapped to 25 sectors, including 10 agriculture, one mining, five manufacturing, and 

eight service sectors. To analyse the economic impacts of crop productivity loss due to 

sea level rise, the sectoral aggregation that retained all 10 agricultural sectors along with 

an aggregate mining sector was chosen. For manufacturing, a total of five key individual 

industries were chosen: food manufacturing, textile, wearing apparel, wood/leather, with 

the rest of the manufacturing sectors were aggregated as the “other manufacturing” sector. 

For utility industries, a total of eight industries were chosen, where few sectors were 

aggregated based on the similar service proving structures (see Appendix 4C and 

Appendix 4D for the sectoral mapping and base year proportions for the disaggregated 

BD-TERM model). This disaggregated version of the model was used in this study to 

prepare the crop productivity shocks based on crop production loss for coastal regions. 

Further details are provided in Chapter 5. 

For the aggregated model, other than sectoral aggregation, regional aggregation 

from 64 regions to 12 regions was used in order to interpret the results more efficiently 

between coastal and non-coastal industries. The 12 regions included four coastal regions 

and eight non-coastal regions. Finally, this version of the BD-TERM model was used to 

interpret the simulation results (see Appendix 4E for 64 regions to eight regions mapping 
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for the aggregated BD-TERM Model. Appendix 4F also shows the elasticity parameters 

for the BD-TERM model and Appendix 4G presents the coefficients and variables for 

BD-TERM model). 

4.7 SUMMARY 

This chapter briefly described the theoretical structure and the regional database 

construction methods for both the top-down and bottom-up regional models of the 

Bangladeshi economy. Both the top-down and bottom-up models were comparative-static 

CGE models of the ORANI tradition. The top-down aggregated model consisted of 64 

regions and 17 sectors. The bottom-up disaggregated and aggregated models consisted of 

64 regions and 25 sectors, and 12 regions and 25 sectors, respectively. The top-down 

model was utilised to simulate the long-run impacts of climate-induced crop productivity 

loss and the regional disparities across regions of Bangladesh. Moreover, the model also 

showed the income loss situation for high poverty districts. The bottom-up model was 

utilised to simulate the long-run effects of sea level rise and salinity intrusion induced 

changes in the agricultural systems of Bangladesh, across all regions.  

The construction of a database for both the top-down and bottom-up models began 

by using the Bangladesh national I-O database. The BD-TERM model also prepared the 

regional I-O table for Bangladesh based on the regional shares information across 

industries. Moreover, the interregional trade matrix was also prepared based on the 

gravity formulae and the relevant relative distances between districts of Bangladesh. 

Thus, the bottom-up model has the capacity to provide powerful information about the 

economic impacts of salinity intrusion, not only for the economy of the coastal regions 

but also for the economy of non-coastal regions in Bangladesh. Chapter 5 and Chapter 6 

present the simulation results from the implementation of both the top-down and BD-

TERM models developed in this chapter. As both the top-down and BD-TERM models 
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are comprarative-static in nature, the overall results are also presented as the average 

impacts for the projected years compared to the base year. 
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Chapter 5: Climate Change, Crop 

Productivity and Regional 

Growth Dispartiy in Bangladesh: 

An Analysis Using the Top-Down 

Version of the Regional CGE 

Model 

5.1 INTRODUCTION 

This chapter explores the relationship between climate change, crop productivity 

loss, and regional growth disparity by utilising the top-down regional model developed 

for Bangladesh, as described in Chapter 4. As described in Chapter 2 and Chapter 3, 

climate change has been portrayed as an important factor that could potentially affect the 

agriculture sector in Bangladesh, resulting in significant negative impacts on the national 

economy. However, while the existing literature refers to estimating the impacts of 

climate change on the economy, it presents little-detailed evidence of its impacts on 

regional disparities. Therefore, the top-down model was utilised in this study to analyse 

the effects of climate change on regional growth disparity and income loss of Bangladesh. 

The top-down version of the regional model was utilised in this study, using 17 

sectors and 64 regions to examine the economic impacts of climate change induced crop 

productivity loss for both national and regional level economies. Moreover, added focus 

was placed on the link between climate change and regional growth disparity and income 

loss, focusing more on the districts with the highest and lowest number of poor 

populations, such as poverty-stricken and least poverty-stricken districts according to the 

upper and lower poverty line in Bangladesh. As stated in Chapter 2, the poverty-stricken 

districts are Kurigram Barisal, Shariatpur, Jamalpur, Mymensingh, Pirojpur, Gaibandha, 
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Chandpur, Rangpur, and Satkhira. The least poverty-stricken districts are Kushtia, 

Noakhali, Chittagong, Dhaka, Meherpur, Bogra, Rangamati, Naogaon, Narail, and 

Manikganj.  

The rest of the chapter is organised as follows. Section 5.2 presents the description 

of the long run closure of the top-down model. Section 5.3 analyses and presents the 

empirical results for national and regional macroeconomic and industry level results. 

Finally, Section 5.4 provides the chapter summary.  

5.2 MODEL CLOSURES 

The model closure is required to close or solve the model by choosing the 

exogenous and endogenous variables (Horridge et al., 2000). In GEMPACK parlance, a 

closure is an economic environment which is required to ensure the numbers of 

endogenous variables are equal to the number of equations. The experiment in this study 

was conducted using the top-down model within the long run macroeconomic 

environment. Therefore, long run model closures were considered for the model 

experiments. 
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Figure 5.1: Macro-Economic closure used in Top-Down model  

Source: Extracted from (Horridge, Meeraus, Pearson, & Rutherford, 2013) 

 

In the long run closure, all sectoral capital is first considered endogenous and the 

rate of return is exogenous. Producers have sufficient time to alter the capital stock level 

depending on any productivity shocks. Secondly, in the labour market, it is assumed that 

the aggregate employment is exogenous in the long run, which implies that the economy 

is in full employment. However, the real wage is endogenous, allowing the model to 

determine it endogenously. Thirdly, the nominal exchange rate is also exogenous and 

considered to be numeraire. Fourthly, the number of households and their preferences 

 

Employment 
Technical 

Change 

Tax rates Return to 

capital 

Taxes 

GDP 

Consumption Government Investments 

Capital 

stocks 

Real wage 

+ 

+ + + + 

+ +  

Residual: Move together to satisfy 

trade balance constraint 
Follow sales Follow capital 

stocks 

Fixed share of 

GDP 

Legend 

Endogenous 

Exogenous 

X - M 
Inventories 



148 

remain exogenous. Finally, there is a link between regional consumption and regional 

labour income.  

5.3 EMPIRICAL RESULTS AND DISCUSSION   

To examine the near future impacts of global warming on the national and district level 

growth disparities and income loss through climate-induced agricultural productivity loss 

in Bangladesh, three simulations were conducted by implementing the top-down model. 

In this simulation, the total factor productivity losses of different crops due to climate 

change impacts were reduced. Crop productivity loss values for six crops, such as paddy, 

wheat, oilseeds, grains, cotton, and other crops were prepared based on the study by 

Hertel et al. (2010) and other studies (see Table 3.1 in Chapter 3 of this study). Two key 

reasons exist for selecting the crop productivity loss shocks based on the well-known 

study by Hertel et al. (2010). “First, compared to other studies, the study by Hertel et al. 

(2010) estimated the agricultural productivity loss for ‘most likely’ to ‘most unlikely’ 

impacts of future warming for Bangladesh for the near future. Second, the estimated crop 

productivity loss in other studies (shown in Table 3.1 in the thesis) available for 

Bangladesh lay within that range of loss. Therefore, the three simulations were completed 

based on the crop productivity loss information from Hertel et al. (2010)”. 

Hertel et al. (2010), prepared three national level crop productivity loss scenarios for 2030 

based on the climatic severity for 2030. Productivity shocks in agriculture due to climate 

change between 2000 and 2030 were developed by Hertel et al. (2010) based on a 

synthesis of values for the GTAP regions from the literature, including Bangladesh and 

six commodities. Specifically, for each crop region, the values selected by Hertel et.,al 

(2010) the study were optimistic and pessimistic crop climate projections from 

(Christensen et al., 2007), optimistic and pessimistic crop sensitivities from studies within 
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each region, and optimistic and pessimistic carbon fertilization effects from Ainsworth, 

Leakey, Ort, and Long (2008).  

The three scenarios are also levelled “low”, “medium/most likely”, and “high”. In 

this study, the three scenarios are denoted as “pessimistic”, “medium”, and “optimistic” 

instead of “low”, “most likely”, and “high” scenarios, as specified by Hertel et al. (2010). 

The above three simulations were carried out with the model using numerical values 

of shocks across agricultural sectors as given below (see Table 5.1): 

 The pessimistic (or low-productivity) scenario (0 to -17%) represents large 

crop productivity loss due to extreme climate impacts with frequent 

temperature change, high crop sensitivity to temperature change, and low 

positive carbon fertilisation.  

 The medium (or most likely/central case) scenario (0 to -10%) represents the 

climate impacts on crop productivity loss.  

 The optimistic (or high-productivity) scenario (-3% to +4%) represents lower 

crop productivity loss or any potential gain to slow temperature change and 

high carbon fertilisation effect.  
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Table 5.1: Crop Productivity Loss Due to Climate Change Implemented in Top-

Down Model  

Crop Sectors  
Pessimistic Medium 

 

Optimistic 

Paddy rice -10.0% -3.0% 4.0% 

Wheat -10.0% -3.0% 4.0% 

Other cereal grains -17.0% -10.0% -3.0% 

Vegetables, fruits, nuts 0% 0% 0% 

Oil seeds -10.0% -3.0% 4.0% 

Sugar cane 0% 0% 0% 

Plant-based fibres -10.0% -3.0% 4.0% 

Other crops -10.0% -3.0% 4.0% 

 

Manufacturing and service, which are traded among different districts, were 

considered to be part of the national industries in the top-down model. In this study 

agriculture and mining were considered to be local industries in the sense that major parts 

of the agricultural crops are part of the non-traded commodity by assuming that the 

majority of Bangladeshi farmers are small landholders and the total demand for 

agriculture must satisfy district production requirements.  

5.3.1 Macroeconomic and Industry Results 

Table 5.2 depicts the national-level macroeconomic variable results from three 

simulations for Bangladesh. The national real GDP is likely to experience significant 

negative growth rate ranging from -1.04% to -3.50% under the medium to pessimistic 

climate scenarios in the long run. This can largely be attributed to the direct productivity 

loss occurring in the agricultural sector. In addition to the direct effect, other industries, 

which are connected to those affected agricultural industries having backwards and 

forward linkages, would also be projected to contract, which indirectly contributes to the 

real GDP loss. For other macro variables, real household consumption and real 

investment are likely to decrease by -1.06 to -3.50% and -1.11% to -3.88%, respectively 
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due to medium to pessimistic climate scenarios in the long run. Followed by real 

investment, aggregate capital stock in the capital market is projected to decrease by -

1.37% to -4.66%; whereas real wages are expected to decrease by -1.43% to -4.89% in 

the labour market respectively by 2030. Furthermore, high crop productivity loss is likely 

to have more negative impacts on the total national exports volume of -0.56% followed 

by -0.17% and 0.25% for medium and optimistic crop loss scenario respectively. As the 

total exports volume from Bangladesh is likely to decrease by 2030, this will have 

opposite impacts on the price level of exportable commodities from Bangladesh to its 

trading partners. The price level, measured by the Bangladesh local currency, is also 

likely to increase from 0.08% for a medium crop loss scenario to 0.31% for a pessimistic 

crop loss scenario. However, the price is likely to decrease by -0.11% in the case of a 

positive crop productivity optimistic scenario. Furthermore, the total volume of imports 

is likely to decrease for both pessimistic to medium crop loss scenarios. Though the 

medium to pessimistic climate scenarios is likely to have negative impacts on the nation’s 

economy, the optimistic scenario is likely to increase real GDP by 1.36%, with a positive 

real household consumption and real investment of 1.39% and 1.41%, respectively. 

Moreover, the long run capital stock is also projected to increase in the capital market, 

whereas the excess labour demand is likely to push the real wage rate up by 2030.  

While projecting the sectoral output results (see Appendix 5A), all of the crop 

sectors are likely to decrease sectoral output due to medium and pessimistic climate 

scenarios. The key reason is the large crop productivity loss in agricultural sectors.  For 

example, the likely value-added loss is the highest for wheat and other cereal grains 

production by -14.88% and -13.80%, respectively due to pessimistic scenarios. Not only 

the crop sectors, but the overall manufacturing and the service industries are expected to 

be highly influenced by the overall impacts of climate change, as both manufacturing and 
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service sectors are highly dependent on agricultural products. These results are consistent 

with other recent national-level CGE studies for Bangladesh. For example, Thurlow, 

Paul, et al. (2012) found that national rice production loss would be 8.8% from the year 

2005 to 2050. A recent study by Bandara and Cai (2014) projected a 1.6% decline from 

baseline in real GDP for Bangladesh by 2030. Similarly, Ahmed, M., & Suphachalasai, 

S. (2014) estimated a paddy production loss of -0.68% due to a temperature increase from 

0.9°C to 1.9°C by 2030. These estimated results are consistent with the medium 

simulation results of -1.16% real GDP losses under the likely range of a 1.0°C to 1.5°C 

temperature increase. 

Table 5.2: Projections of National Macroeconomic Variables for Pessimistic, 

Medium and Optimistic Scenarios by 2030* 

National Macroeconomic 

Variables 

Pessimistic 

(Simulation 1) 

Medium 

(Simulation 2) 

Optimistic 

(Simulation 3) 

Real GDP  -3.50 -1.04 1.36 

Aggregate real investment 

expenditure 

-3.88 -1.11 1.41 

Average real wages -4.89 -1.43 1.83 

Real household consumption -3.50 -1.06 1.39 

Aggregate real government 

demand 

 

-3.50 -1.06 1.39 

Exports volume  -0.56 -0.17 0.25 

Exports price 0.31 0.08 -0.11 

Imports volume  -1.60 -0.49 0.67 

Consumer price index 

 

-1.75 -0.54 0.73 

Aggregate capital stock, 

rental weights 

-4.66 -1.37 1.78 

*% change from the base year  
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5.3.2 Regional Results  

The combined impacts of temperature, precipitation changes, and carbon 

fertilisation are likely to have negative growth impacts for all districts of Bangladesh in 

the pessimistic climate scenario. However, there will be moderate impacts under the 

medium scenario, and positive-growth impacts under the optimistic climate change 

scenario by 2030 (see Appendix 5B for Gross District Domestic Products (GDDP) in 64 

districts). While the average district-level gross domestic product across 64 districts is 

projected to decrease under pessimistic and medium scenarios by -2.60% and -0.77%, 

respectively, it is projected to increase by 0.99% for the optimistic scenario. Though all 

64 districts are likely to experience decreasing real GDDP, the impacts are not likely to 

differ across districts.   

In regards to the 20 selected districts, the district-level results indicate that, in 

general, both the poverty-stricken and least poverty-stricken districts are likely to be 

negatively affected due to climate change; however, the extent of losses between the 

poverty-stricken and least poverty-stricken districts differ and are of note (see Table 5.3). 

Kushtia, a high-income district, is likely to be negatively affected under pessimistic and 

medium scenarios where the GDDP is projected to decrease by -3.68% and -1.09%, 

respectively, by 2030. Moreover, a reduction in GDDP by approximately -2.5% and -2.43 

% under the pessimistic climate scenario is projected for the capital city Dhaka or the 

Dhaka district and the high-income district Chittagong, respectively. In addition, a 

minimum loss is expected by -1.45% for Meherpur district under the pessimistic climate 

scenario due to the diversity of crop production within that district. Among the poverty-

stricken districts, Kurigram, which is the highest-ranking poverty district, is likely to be 

negatively affected due to the contraction of agriculture industries in the general, and the 

paddy sector in particular. Finally, if the climate change impacts are optimistic, this is 
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likely to benefit both the poverty-stricken and least poverty-stricken districts. Figure 5.2 

demonstrates the comparison of growth results for all of the 20 selected districts for 

pessimistic, medium, and optimistic climate scenarios.
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Table 5.3: Projections of Percentage Change in GDDP Under Different Climate Change Scenarios by 2030* 

Poverty-

stricken 

Districts 

Pessimistic Medium Optimistic Least poverty-

stricken 

districts 

Pessimistic Medium Optimistic 

Kurigram -2.40 -0.71 0.92 Kushtia -3.68 -1.09 1.41 

Barisal -3.06 -0.88 1.13 Noakhali -2.45 -0.72 0.92 

Shariatpur -1.90 -0.57 0.76 Chittagong -2.43 -0.71 0.93 

Jamalpur -2.62 -0.77 0.99 Dhaka -2.50 -0.74 0.96 

Mymensingh -2.75 -0.80 1.03 Meherpur -1.45 -0.44 0.59 

Pirojpur -2.41 -0.70 0.90 Bogra -3.00 -0.87 1.12 

Gaibandha -2.80 -0.82 1.06 Naogaon -2.92 -0.84 1.08 

Chandpur -2.60 -0.77 0.99 Manikganj -3.14 -0.93 1.19 

Rangpur -2.67 -0.79 1.01 Narail -2.18 -0.64 0.85 

Satkhira -2.87 -0.84 1.09 Rangamati -2.64 -0.79 1.03 

*% change from the base year 
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            Pessimistic scenario           Medium scenario         Optimistic scenario 

Figure 5.2: Comparison of GDDP for ten poverty-stricken districts* and ten least poverty-

stricken districts under pessimistic, medium, and optimistic climate-induced crop 

productivity loss scenarios by 2030.  

 

In order to identify the extent of the growth disparity among the districts due to climate change, 

the coefficient of variation (CV) of factor cost GDP was calculated before and after the simulation for 

both the 64 districts and the 20 selected districts (10 poverty-stricken and the 10 least poverty-stricken 

districts). In mathematical terms:  

Coefficient of variation (CV) =
Standard Deviation of Gross District Domestic Products 

𝑀𝑒𝑎𝑛 𝑜𝑓Gross District Domestic Products  
  

 

The CV based on the GDDP for the 64 districts was calculated prior to the simulation taking 

place.  To ensure the results were efficient, a factor cost GDDP was utilised while calculating the CV 

for 64 districts. A similar coefficient of variation calculation was performed after the simulation with 
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the new GDDPs (including the percentage loss of GDDP by 2030) for 64 districts. Similar 

calculations were conducted for 20 selected districts.  

Before the simulation, 

Coefficient of variation (CV)𝑓𝑜𝑟 64 𝑑𝑖𝑠𝑡𝑟𝑐𝑖𝑡𝑠 =  1.29 

Coefficient of variation (CV)𝑓𝑜𝑟 20 𝑑𝑖𝑠𝑡𝑟𝑐𝑖𝑡𝑠 = 1.47 

After the simulation (by 2030), 

Coefficient of variation (CV)𝑓𝑜𝑟 64 𝑑𝑖𝑠𝑡𝑟𝑐𝑖𝑡𝑠 =  1.29 

Coefficient of variation (CV)𝑓𝑜𝑟 20 𝑑𝑖𝑠𝑡𝑟𝑐𝑖𝑡𝑠 = 1.48 

 

Based on the above calculations, it can be concluded that the coefficients of the variations are 

not likely to differ before and after the simulations of both 64 and 20 districts in Bangladesh, implying 

no increasing growth disparities across districts due to climate change. The key reasons behind this 

are the balanced growth loss across districts due to climate change in Bangladesh.  

Tables 5.4 and Table 5.5 represents how different industries are likely to contribute towards the 

percentage changes of GDDP loss for 20 districts under the pessimistic climate scenario by 2030. 

According to Tables 5.4 and 5.5, the service sector evidently contributes mostly towards growth 

contraction for both the poverty-stricken and least poverty-stricken districts in Bangladesh resulting 

from pessimistic climate change scenario by 2030. On the one hand, among the poverty-stricken 

districts, it can be observed that the paddy sector contributes the most towards the growth reduction 

in comparison to the other crop sectors (see Table 5.4). This result is expected, as the majority of the 

poverty-stricken districts generally specialise in paddy production. Among all of those districts, the 

paddy sector in Barisal district contributes mostly towards the GDDP loss, followed by the 

manufacturing sector. Similarly, for the highest poverty-stricken district, Kurigram, the major 

contributions towards GDP loss are expected from the paddy and plant-based fibres (jute and cotton) 
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sector after considering the service sector loss. It can also be noted that the plant-based fibres industry 

contributes relatively more towards the growth loss than the manufacturing industries for districts 

such as Shariatpur.  

On the other hand, among the least poverty-stricken districts, the manufacturing sector 

contributes greatly to industrial districts such as Kushtia, Dhaka, and Chittagong when considering 

percentage change loss in GDDP (see Table 5.5). In addition, agriculture sectors (both plant-based 

fibres such as jute and cotton, and other crop sectors) are likely to greatly contribute towards the 

growth loss for those districts. For example, districts such as Naogaon, Bogra, Kushtia, and 

Manikganj are likely to experience substantial growth reduction, not only through manufacturing 

loss but also through paddy production loss. Those losses are expected to be -0.71%, -0.60%, -

0.45% and -0.43% in the paddy sector, and -0.39%, -0.43%, -0.70%, and -0.31% in the 

manufacturing sectors, respectively. Moreover, if any service sector (e.g., transport) has a direct 

link with the manufacturing sector, the resulting impacts are also likely to increase for those 

districts (Naranpanawa & Arora, 2014)20. The predicted regional results of this study are also 

consistent with previous findings by Kobayashi and Furuya (2011), where the resulting growth in 

the Rajshahi region (which includes both Naogaon and Bogra districts) is likely to be affected to a 

greater degree due to losses in the paddy sector by 2050. Unlike other industries, vegetables, as 

well as plant-based fibres (cotton and jute), can positively contribute towards growth for the 

Meherpur district, even under the pessimistic scenario. This could be one of the key reasons behind 

the reduced growth loss condition of the Meherpur district (within the Khulna division), even under 

the pessimistic scenario by 2030. 

                                                 

20  Aggregated manufacturing and service sectors were considered in this paper; therefore, the more disaggregated 

resulting impacts or any direct links between manufacturing and service sectors have not been identified. 
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Table 5.4: Projection of the Industry Contribution Towards Gross District Domestic Products (GDDP) for Poverty-Stricken 

Districts Under the Pessimistic Scenario by 2030* 
Sectors name Mymensingh Jamalpur Shariatpur Barisal Pirojpur Chandpur Gaibandha Kurigram Rangpur Satkhira 

Paddy rice -0.57 -0.38 -0.18 -0.68 -0.43 -0.30 -0.47 -0.37 -0.41 -0.42 

Wheat 0.00 -0.02 -0.03 0.00 0.00 -0.01 -0.01 -0.05 -0.01 0.00 

Other Cereal grains 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 -0.01 0.00 

Vegetables, fruits, nuts 0.00 0.01 0.05 0.00 0.00 0.00 0.00 0.01 0.00 0.00 

Oil seeds 0.00 -0.05 -0.03 0.00 0.00 -0.01 0.00 -0.02 0.00 -0.01 

Sugar cane -0.02 -0.06 -0.01 -0.01 -0.01 -0.01 -0.04 0.00 -0.02 -0.01 

Plant-based fibres -0.14 -0.18 0.18 -0.12 0.00 -0.12 -0.21 -0.11 -0.16 -0.21 

Other Crops -0.03 -0.13 -0.22 -0.22 -0.03 -0.03 -0.02 -0.05 -0.07 -0.03 

Cattle, sheep, goats -0.03 -0.01 0.02 0.00 -0.01 -0.01 -0.04 -0.03 -0.03 -0.03 

Other animal products -0.02 -0.06 -0.01 -0.02 -0.02 -0.03 -0.02 -0.01 -0.02 -0.02 

Raw milk 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Wool, silk-worm cocoons 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Forestry -0.02 -0.01 0.00 0.00 -0.01 0.00 0.00 0.00 0.00 -0.42 

Fishing -0.08 -0.03 -0.03 -0.20 -0.03 -0.14 -0.01 -0.03 -0.04 -0.09 

Mining 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.01 

Manufacturing -0.26 -0.17 -0.15 -0.42 -0.21 -0.17 -0.24 -0.16 -0.22 -0.32 

Services -1.60 -1.56 -1.49 -1.42 -1.70 -1.80 -1.75 -1.60 -1.71 -1.35 

% change from the base year 
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Table 5.5:  Projection of the Industry Contribution Towards the Gross District Domestic Products (GDDP) for Ten Least Poverty-

Stricken Districts Under the Pessimistic Scenario by 2030* 

Sectors name 
Kushtia Narail Meherpur Bogra Naogaon Noakhali Chittagong Rangamati Dhaka Manikganj 

Paddy rice -0.45 -0.35 -0.16 -0.60 -0.71 -0.33 -0.20 -0.10 -0.02 -0.43 

Wheat -0.05 -0.03 -0.18 0.00 -0.03 0.00 0.00 0.00 0.00 -0.01 

Cereal grains -0.01 0.00 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00 -0.01 

Vegetables, fruits, nuts 0.00 0.01 0.05 0.00 0.00 0.00 0.00 -0.01 0.00 0.00 

Oil seeds -0.01 -0.05 -0.06 -0.02 -0.03 0.00 0.00 -0.01 -0.01 -0.12 

Sugar cane -0.07 -0.03 -0.04 -0.01 -0.02 0.00 0.00 0.00 0.00 -0.05 

Plant-based fibres -0.64 0.18 0.64 -0.25 -0.14 0.00 0.00 -0.07 -0.02 -0.25 

Other Crops -0.29 -0.30 -0.21 -0.04 -0.03 -0.05 -0.05 -0.07 0.00 -0.28 

Cattle, sheep, goats -0.05 0.03 0.05 -0.02 -0.02 0.00 -0.01 -0.01 0.00 -0.04 

Other animal products -0.01 -0.01 -0.01 -0.02 -0.02 -0.03 -0.01 -0.01 0.00 -0.01 

Raw milk 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Wool, silk-worm cocoons 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Forestry 0.00 0.00 0.00 0.00 0.00 -0.07 -0.08 -1.06 0.00 0.00 

Fishing -0.02 -0.01 -0.01 -0.06 -0.09 -0.17 -0.02 -0.02 0.00 -0.11 

Mining 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.01 0.00 

Manufacturing -0.70 -0.24 -0.15 -0.43 -0.39 -0.17 -0.31 -0.22 -0.52 -0.31 

Services -1.44 -1.40 -1.36 -1.56 -1.47 -1.66 -1.78 -1.08 -1.95 -1.56 

*% change from the base year 
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It is evident from the district-level industry results presented in Appendices 5C that the extent 

of industry value-added loss for the agricultural sector varies substantially from one district to 

another. As previously described, this is dependent on the proportion of different agricultural crop 

production among different districts and the resulting amount of crop loss due to climate change. For 

example, if the paddy sector is considered under the pessimistic scenario, it is evident that the value-

added loss is the highest in Dhaka (-7.41%), followed by Rangamati (-6.93%), Chittagong (-6.66%), 

and Kushtia (-6.69%) compared to poverty-stricken districts such as Kurigram (-3.61%), Barisal (-

4.98%), Jamalpur (-3.37%), and Mymensingh (-4.27%). The key reason is the strong forward and 

backward linkage effects among different industries within these districts. According to the model 

assumption of this study, all agriculture and mining industries are “local” industries, whereas service 

and manufacturing sectors are “national” industries. Therefore, if any of the service or manufacturing 

sectors experience value-added contraction nationally due to climate shocks, the results are similar 

for all districts (as can be seen from Appendix 5C and Appendix 5D).  

Furthermore, the growth-contraction for those national industries can simultaneously create 

some multiplier effects for local commodity sectors by reducing the output demand for those 

commodities. Therefore, even if the paddy industry contributes less towards the base year GDP in a 

district (for example. Dhaka district), a large value-added loss would be experienced for paddy in that 

district. Because the manufacturing and service sectors (and for some districts, agriculture) contribute 

greatly towards the base year district-level GDP at factor cost for the majority of the least poverty-

stricken districts, the value-added loss is also expected to be higher for industries related to 

manufacturing and service sectors among those districts. Therefore, the current simulation results are 

consistent with the evidence that most of the economic losses for the Bangladesh economy are 

connected to the other value-added sectors related to agriculture (Yu et al., 2010). 
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However, the average percentage change of income loss21 of the poor population for poverty-

stricken districts is likely to be greater compared to the income loss of the poor population in the 

least-poverty districts under both pessimistic and medium scenarios. Because the pattern of growth 

losses for both types of districts is not likely to change significantly by 2030, the poor population in 

the former districts might face more average income loss compared to the poor population in the latter 

districts. If the effect of climate change becomes worse (pessimistic), then the percentage change of 

average income loss of the poor population in the ten poverty-stricken districts is likely to be 0.81% 

by 2030.  However, in making this observation, the loss is projected to be relatively lower (0.14%) 

for those ten least poverty-stricken districts. Similarly, under the medium climate scenario, the 

income loss for poverty-stricken districts is 0.25%. However, the average income losses for the ten 

least poverty-stricken districts are 0.04%, which is close to zero. These results support previous 

findings by Hertel et al. (2010) that climate change affects Bangladesh more negatively due to its 

larger poor population. Figure 5.3 depicts the percentage change of average income loss due to 

climate change by 2030 for 20 selected districts of Bangladesh. It is projected that all of the poverty-

stricken districts are likely to experience greater income loss due to a pessimistic and medium crop 

productivity loss scenario compared to the least poverty-stricken districts. Furthermore, districts such 

as Barisal and Kurigram might experience maximum income loss due to the near future climatic 

shocks; however, districts such as Kushtia and Meherpur might expect relatively minimal income 

loss by 2030.  

                                                 

21 The average percentage change of income loss for poor population in a district is  A =  Yˡ ∗ (
Xˡ

100
), if the percentage of 

poor population of district  A =  Xˡ %  and the simulated percentage change loss of GDDP =  Yˡ%, (Assumption: any 

income gain or loss after simulation is equally distributed within that district). 
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5.4 SUMMARY 

This study aimed to identify the near future economic impacts of climate change for the 64 

districts in Bangladesh by developing a top-down multi-regional CGE model. Overall, the results 

indicate that significant negative impacts are likely to occur on the national macroeconomic variables 

in Bangladesh by lowering the country’s real GDP, average real wages, and real household 

consumption if the climate conditions become moderate to worse. Even if all 20 selected districts are 

likely to be negatively affected by the national agriculture loss due to climate change, the extent of 

loss might differ from one district to other. According to the general equilibrium model results, 

although climate change is responsible for reducing economic growth at the national and district 

levels, the growth disparity is not likely to be very significant among the 64 districts of Bangladesh 

by 2030 compared to the base year of 2007. The central reason for this is the balanced growth losses 

between poverty-stricken and least poverty-stricken districts by 2030. Since the majority of the 

poverty-stricken and some least poverty-stricken districts are agriculturally intensive, it can be 

expected that part of the growth contractions is likely to be driven by direct agriculture sector loss. 

 

Figure 5.3: Comparison of average income loss of poor population between poverty-stricken 

and least poverty-stricken districts in Bangladesh under the pessimistic and medium scenarios 

by 2030 (% change from the base year). 
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Moreover, the growth loss is likely to be even higher for the least poverty-stricken districts where the 

manufacturing sector contribution is higher than the factor cost GDP in the base year for that district. 

Therefore, all 64 districts are likely to be affected according to that district’s contributions from 

agriculture, manufacturing, and service sectors towards their base year GDP. However, it is more 

likely that the average income loss of poor populations is likely to be greater for those in poverty-

stricken districts than those in the least poverty-stricken districts under the pessimistic and medium 

scenarios. Though the percentage change of average income loss of the poor population under the 

medium and pessimistic climate conditions is not alarming, it may have substantial impacts on 

district-level poverty in a developing country such as Bangladesh. These findings also support the 

fact that climate change might accentuate the existing food insecurity issue in the near future within 

Bangladesh (Yu et al., 2010). Though the top-down model has the capacity to disaggregate the 

national level results to a regional level, it is unable to capture the economy-wide impacts based on 

the regional specific supply-side shocks. Therefore, the following chapter discusses the impacts of 

sea level rise on the Bangladesh economy using a bottom-up model. 
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Chapter 6: Effects of Salinity Intrusion Due 

to Sea Level Rise: An Economic 

Insight of the Multiregional CGE 

Model for Bangladesh 

6.1 INTRODUCTION 

This chapter provides an analysis of the impacts of sea level rise on the Bangladesh 

economy, with a particular focus on salinity intrusion. As mentioned in Chapter 1, the 

previous general equilibrium studies on climate change impacts on the Bangladeshi 

economy have not attempted to examine the economic impacts of salinity intrusion on 

agricultural production at the district level. Chapter 3 also pointed out the limitations of 

partial equilibrium modelling when exploring the impacts of climate change. Moreover, 

according to Chapter 4, the BD-TERM model also has the prominent advantage of 

capturing the regional specific impacts compared to the top-down regional model. 

Therefore, to answer the second research question, the BD-TERM regional model and a 

set of simulations were carried out to quantify the impacts of sea level rise and salinity 

intrusion-related crop productivity loss by 2050 for Bangladesh. To the best of the 

researcher’s knowledge, this is the first such empirical analysis, and the results will make 

a significant contribution to knowledge. 

The rest of this chapter is organised as follows. Section 6.2 presents the details of 

simulations for the three scenarios: Scenario S1, Scenario S2, and Scenario S3. Both 

national and regional simulation results due to sea level rise and salinity intrusion are 

presented in Section 6.3. The final section 6.4 presents the chapter summary.   
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6.2 SEA LEVEL RISE EXPERIMENTS  

The empirical analysis in this chapter is based on a total of three simulations carried 

out using the BD-TERM model to analyse the economic impacts of crop productivity loss 

due to a rising sea level for Bangladesh. All three long-run simulations were carried out 

for a 27 cm sea level rise under the A2 SRES scenario for the year 2050. As salinity is 

the greatest threat towards coastal agriculture in Bangladesh, the economic impacts of 

salinity induced crop productivity loss are the unique and valuable contribution of this 

thesis. To capture the salinity impacts effectively, individual impacts of salinity intrusion 

on crop production were first captured, followed by the combined impacts of both salinity 

and land inundation.  

Sets of simulations were undertaken to prepare the final crop productivity loss for 

Bangladeshi regions. As mentioned in Chapter 5, the disaggregated BD-TERM model 

database for 64 districts and 25 sectors, including 19 coastal districts and 10 crop sectors 

was first prepared. The 19 coastal districts were: Bagerhat, Khulna, Satkhira, Barguna, 

Barisal, Chittagong, Cox’s Bazar, Feni, Gopalganj, Jessore, Jhalokati, Laxmipur, Narail, 

Noakhali, Pirojpur, Patuakhali, Chandpur, and Shariatpur. The 10 crop sectors were 

paddy, wheat, grains, vegetables, oilseeds, sugar cane, fibres, other crops, cattle products, 

and wool. Finally, the aggregated model was prepared for 12 regions (four coastal and 

eight non-coastal regions) and 25 sectors. Similarly, while preparing crop productivity 

loss shocks, the crop productivity loss shocks were first prepared for 10 crop sectors in 

19 coastal districts for the disaggregated model. The crop productivity losses were then 

aggregated for the above mentioned 10 crop sectors across four coastal regions (Khulna, 

Barisal, Chittagong, and Dhaka).  

The long-run crop productivity loss scenarios are identified as S1, S2, and S3 

scenarios by 2050. The S1 scenario represents the crop productivity loss due to land 

inundation from rising sea level. The S2 scenario represents the crop productivity loss 
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due to soil salinity from rising sea level. The third simulation, S3, represents the combined 

crop productivity loss scenarios due to both land inundation and salinity intrusion from 

rising sea levels by 2050. The details of the three simulations, along with the three 

scenarios are presented below.  

All of the above three simulations were carried out within the long run 

macroeconomic environment, as mentioned in Chapter 5. In the long run closure, firstly, 

all sectoral capital was endogenous and the rate of return was exogenous. It was assumed 

that producers had sufficient time to alter the capital stock level depending on any 

productivity shocks. Secondly, in the labour market, it was assumed that the aggregate 

employment was exogenous in the long run, which implies that the economy was in full 

employment. However, the real wage was endogenous, allowing the model to determine 

it endogenously. Thirdly, the nominal exchange rate was also exogenous and considered 

to be numeraire. Fourthly, the government expenditure was assumed to be exogenous in 

this model. In typical long run closure, government expenditure is linked with the private 

consumption in the long run. Therefore, if private consumption decreases due to climate 

change induced crop productivity loss, government expenditure will also decrease. 

However, it was assumed that the Bangladesh Government was more welfare-oriented 

and that it would not change its total expenditure as a result of climate change in the long 

run. Fifthly, the number of households and their preferences remained exogenous. 

Finally, there was a link between regional consumption and regional labour income.  
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Figure 6.1: Macroeconomic closure used in the BD-TERM model  

Source: modified from (Horridge et al., 2013) 

 
 

6.2.1 Scenario S1: Land Inundation Induced Crop Loss 

The crop productivity loss due to land inundation was calculated based on the study 

by Yu et al. (2010). As mentioned in Chapter 4, a disaggregated and an aggregated BD-

TERM model were developed with 64 regions (including 19 coastal districts) and 25 

sectors and with 12 regions (four coastal and eight non-coastal regions), and 25 sectors. 

Therefore, the crop production loss due to sea level rise inundation was first prepared for 

the 19 coastal districts in the disaggregated model. 

According to Yu et al. (2010), the crop production loss was projected for 16 sub-

regions SR-01 to SR-16, due to carbon emission, temperature, and precipitation changes 
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and sea level rise for the year 2050. The 16 subregions were considered by Yu et al. 

(2010) in relation to the hydrological and ecological zoning methods. Meanwhile, the 

crop production loss due to sea level rise related land inundation was only calculated for 

coastal subregions from SR-09 to SR-16, as only those subregions consist of all of the 

coastal districts of Bangladesh. According to Yu et al. (2010), each of the subregions 

encompasses a number of districts, which total 64 districts. However, any of the districts 

can appear more than once depending on the basis of land, soil, and agro-ecological 

characteristics. For example, the Bagerhat district appeared in both SR-14 and SR-16 

subregions, Khulna district also appeared in both SR-14 and SR-16. However, the 

Barguna district only appeared in SR15.  

Based on the study by Yu et al. (2010), the shocks for all 19 districts were extracted 

and prepared using the following seven steps:  

1. The values of production of a single crop were extracted from the base year 

model database for all 19 coastal districts. 

2. The number of times any coastal districts appeared in each region were counted 

and identified from SR-09-SR-16, as mentioned by Yu et al. (2010). 

3. The total value of production of any district was distributed equally across the 

previously identified subregions.  

4. The total value of production for any crop was calculated by summing up the 

production for all the districts one subregion covers.  

5. The percentage change of crop production loss was extracted directly from Yu 

et al. (2010) for each of the subregions 

6. The percentage change of crop loss was prepared by using the proportional 

formulae for 19 regions in every sub-region. 
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7. The total percentage of crop production loss was calculated for that district by 

summing all of the percentage change loss, prepared in each subregion. 

Example: 

Total paddy production in district R = X  unit 

Meanwhile, district R belongs to two agro-ecological zones, = SR-1 and SR-2. 

Assuming that the paddy is produced equally in both zones, then the total paddy 

production in district R in any of the zone is:  

SR-1 = S-2 = 
𝑋

2
= 𝑌 unit; 

In SR-1, if the total paddy production =  Z  unit 

and  

if the crop production loss (based on the crop loss projection in 2050 by Yu et al., 2010) 

= -𝑝1%    

Then, the % of paddy production loss in district R within SR-1 = (
−𝑝1%

𝑧
∗ 𝑌) =  −𝑔1%  

In SR-2, if the total paddy production: S unit 

and  

if the crop production loss (based on the crop loss projection in 2030 by Yu et al., 2010) 

= -𝑝2%    

Then, % paddy production loss in district R within SR-2 = (
−𝑝2%

𝑆
∗ 𝑌) =  −𝑔2% 

Therefore,  

Total paddy production loss in 2050 for district R:  

−(𝑔1% + 𝑔2%) =  −𝐺% 

 

As the study by Yu et al. (2010) calculated the crop production particularly for 

paddy rice and wheat, the projected crop loss for paddy and wheat for all 19 coastal 

regions was prepared first for this study. For other crops, average estimations were made 

based on other available Bangladeshi studies. After preparing the crop production loss for 

19 coastal districts and for 10 crop sectors, the first simulation was completed based on 

the disaggregated model (64 districts and 25 sectors) in order to achieve the productivity 

loss values for those crops. Finally, the regions were aggregated by using the BD-TERM 
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model aggregation methods and the crop productivity loss values were used for 

simulations for those aggregated coastal regions (see Table 6.1).  

Table 6.1: Agricultural Productivity Loss Implemented in the BD-TERM Model 

Due to Land Inundation  

Crops  
 Khulna Barisal Chittagong Dhaka 

Paddy rice  -9.67% -8.29% -10.23% -0.36% 

Wheat -6.11% -2.21% -4.93% 0.1% 

Grains -8.45% -5.11% -7.73% -0.03% 

Vegetables, fruits and nuts -11.25% -7.04% -10.41% -0.19% 

Oilseeds -6.35% -3.68% -5.68% 0.1% 

Sugarcane -7.4% -4.02% -6.56% 0.13% 

Fibres -8.23% -5.16% -7.6% -0.07% 

Other crops -9.2% -6.38% -9.05% -0.14% 

Cattle products -10.07% -6.04% -9.06% -0.33% 

Wool -3.35% -2.08% -3.13% -0.02% 

 

6.2.2 Scenario S2: Salinity Intrusion Induced Crop Loss 

The crop productivity loss for the 10 crop sectors was calculated for 19 coastal 

districts based on the yield potential linear relation between salinity intrusion and crop 

yield production. The crop production loss due to soil salinity intrusion was prepared by 

combining the relevant information for the 27cm sea level rise for the year 2050. The 

following steps were followed while preparing the crop production loss shocks for coastal 

districts. 

The yield potential formulae, developed by Maas and Hoffman (1977) was utilised 

to project crop production loss for the year 2050 using a yield potential equation to show 

the linear relation between the soil salinity impacts on crop yields.  
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Yield Potential Equation (Maas & Hoffman, 1977): 

𝒀𝒓 = 𝟏𝟎𝟎 − 𝒃(𝑬𝑪𝒆 − 𝒂)  

where, 𝑌𝑟 = % yield potential of crop r; 

𝑏 = slope or the yield loss per unit increase in salinity (expressed in percentage per 

decisiemens); 

𝑎 = the salinity threshold value (expressed in decisiemens per meter); 

𝐸𝐶𝑒 (Electoral conductivity of the saturated-soil extract) = the mean soil salinity 

projections (ds/m) across coastal districts for 2050; 

Therefore, yield loss for crop 𝑟(𝑳𝒓)= (𝟏𝟎𝟎 − 𝒀𝒓)% 

*If  𝑌𝑟 = 100% then 𝐿𝑟 = 0%; if  𝑌𝑟 = 0% then 𝐿𝑟 = 100%; 

 

To project the crop production loss due to soil salinity by using this yield potential 

loss equation, different steps were undertaken to collect the information and prepare the 

crop loss for coastal districts for the year 2050.  

1. The slope (𝑏) and threshold values (𝑎) for all crop sectors from the studies by 

Maas and Grattan (1999) and Maas and Hoffman (1977) were considered. 

2. To achieve the mean soil salinity 𝐸𝐶𝑒  for the year 2050 across different 

districts, the average of monthly soil salinity levels (ds/m) for all 19 districts 

were prepared based on the projection report by World Bank (2014b pp 44 & 

61) for the year 2050.  

3. The yield potential, as well as crop loss, was calculated for the year 2050 across 

10 sectors and 19 districts. The following is an example of the calculations. 

 

 



173 

 

Example: (Paddy crop loss in ‘Satkhira’ district) by 2050 

Salinity threshold value (a) for paddy = 3 ds/m; 

Yield loss per unit increase in soil salinity (b) for paddy = 12% per ds/m; 

The mean soil salinity (𝐸𝐶𝑒) for the Satkhira district for the year 2050 = 8ds/m; 

Therefore: 

𝑃𝑎𝑑𝑑𝑦 𝐶𝑟𝑜𝑝 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑖𝑛 𝑆𝑎𝑡𝑘ℎ𝑖𝑟𝑎 𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 (𝑌𝑟) 

[100 − 12(8 − 3)]% = 40% 

𝑃𝑎𝑑𝑑𝑦 𝐶𝑟𝑜𝑝 𝑙𝑜𝑠𝑠 𝑖𝑛 𝑆𝑎𝑡𝑘ℎ𝑖𝑟𝑎 𝑑𝑖𝑠𝑡𝑟𝑖𝑐𝑡 (𝐿𝑟) 

= [100 − 40]% = 60% 

 

Thus, it can be seen that the crop production loss in any district will vary according 

to the threshold level of salinity tolerance and the yield loss per unit increase in soil 

salinity22. 

Table 6.2: Agricultural Productivity Loss Due to Salinity Intrusion Implemented 

in the BD-TERM Model 

Crop Sectors  
Khulna Barisal Chittagong Dhaka 

Paddy rice  -100% -56.59% -44.29% -4.67% 

Wheat -35.49% 5.94% 3.08% 0.94% 

Grains -166.3% -57.28% -53.85% -6.45% 

Vegetables, fruits, and nuts -100% -100% -100.08% -18.79% 

Oilseeds -67.4% 7.6% 5.14% 1.15% 

Sugarcane -100.1% -36.55% -35% -4.15% 

Fibres -100% -100% -100% -40.83% 

Other crops -100% -69.13% -55.55% -2.97% 

Cattle products -100% -32.22% -32.48% -3.29% 

Wool -11.66% 0.26% 0.11% 0.06% 

 

                                                 

22 An average approximation was considered for crops where no specified slopes and threshold values were 

found, when preparing the crop production loss. 
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In order to determine agricultural productivity, the simulation established crop 

productivity loss for 19 coastal districts and 10 crop sectors by using crop production loss 

as shocks for the disaggregated model. Finally, the crop productivity losses were prepared 

for 10 crop sectors and four coastal regions (see Table 6.2) by using the BD-TERM model 

aggregation models.  

6.2.3 Scenario S3: Combined Sea Level Rise Induced Crop Loss 

The third simulation (S3) combined crop productivity loss due to both inundation 

and salinity intrusion scenarios. After preparing the crop productivity loss for land 

inundation (S1) and salinity intrusion (S2) scenarios for 10 crop sectors across 19 coastal 

districts in the disaggregated (64 regions 25 sectors) models, the crop productivity loss 

for 10 crop sectors across four coastal regions for the aggregated (12 regions and 25 

sectors) model was aggregated. No further calculations were made for the S3 scenario; 

however, it did combine the crop productivity loss prepared for the S1 and S2 scenarios. 

Therefore, the crop productivity loss for all 10 crop sectors across four coastal regions 

from the S1 and S2 scenarios was aggregated in order to achieve the crop productivity 

loss for the S3 scenario in the long run. 

6.3 EMPIRICAL RESULTS AND DISCUSSION 

This section presents the three long-run simulation results for the year 2050. The 

overall results are discussed, particularly focusing on the four coastal regions and eight 

non-coastal regions. In order to examine the impacts of sea level rise, this research utilised 

the BD-TERM multiregional model for the year 2050. Therefore, both national and 

regional level results are presented for three agricultural productivity loss scenarios.   

The overall national macroeconomic and industry results are discussed for land 

inundation, salinity, and the combined impact scenarios. The results, as well as the 

discussion for all three scenarios, follow a straightforward structure. For each scenario, 
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this study presents the national level macroeconomic and industry level results, followed 

by the regional macro and industry results. In addition, the model’s bottom-up nature also 

enables this study to present the relationship between the regional results and national 

results by showing the respective contribution of the regions towards the overall national 

economy. 

The regional results are discussed, particularly for the aggregated model regions. 

With regards to the aggregated model regions, the results are discussed for four coastal 

regions and eight non-coastal regions. While explaining the results for the non-coastal 

regions, the results for non-coastal adjacent regions and non-coastal distant regions are 

also discussed. Regions that are closer to the coastal regions, such as rest of Khulna 

(RoK), rest of Chittagong (RoC), Dhaka Capital (DhakaC), and rest of Dhaka (RoD) were 

considered part of the non-coastal adjacent regions. Regions such as Rajshahi, Rangpur, 

Sylhet and Mymensingh were considered part of the non-coastal distant regions.  

Before discussing the actual simulation results, a back-of-the-envelope analysis was 

also performed, particularly for the national level macro results for the three scenarios. 

The macro level national results can also be verified by using a back-of-the-envelope 

(BOTE) analysis, particularly for the national level results (Dixon & Rimmer, 2005). 

BOTE calculations validate the simulation results based on mathematical calculations and 

economic behaviour within the competitive market's assumptions. (Appendix 6A verifies 

the national results by using the BOTE calculations). Overall, the simulation results from 

the BOTE equations matched the national macroeconomic results in the long run23.  

                                                 

23 Appendix 6B and Appendix 6C present the regional contributions towards national macro results and 

regional contributions towards regional macro results for Scenario S1, Scenario S2, and Scenario S3. 
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6.3.1 Land Inundation (Scenario S1) 

Scenario S1 represents the crop productivity loss due to temporary land inundation 

or temporary flooding due to sea level rise. Though the overall agricultural loss does not 

indicate a massive threat to the whole of Bangladesh, the results indicate the direction of 

the impacts without any effective adaptation for both coastal and non-coastal regions in 

2050. 

6.3.1.1 National Macro Results  

While analysing the macro results, it is important to identify the implications of the 

key macro variables, such as real GDP and household consumption. Real GDP can be 

determined both on the income side and the expenditure side. It was important to analyse 

real GDP as a resulting agricultural productivity loss, as the agricultural sector contributes 

20% towards the Bangladesh national GDP and the 48% of nation’s total employment.  

Table 6.3 presents the expected national level macroeconomic and industry impacts 

due to the land inundation related crop loss, depicted by S1 scenario. The simulation result 

depicts that the projected impacts of rapidly increasing sea level on the agricultural 

productivity negatively affected the real GDP. According to Table 6.3, the real GDP is 

likely to decrease by 0.64% for scenario S1 by the year 2050. This can be attributed 

largely to the direct productivity loss occurring in the agricultural sector. In addition to 

the direct effect, other industries, which are connected to those affected agricultural 

industries having backwards and forward linkages, would also be projected to contract, 

which indirectly contributes to the real GDP loss. Furthermore, the deviations of national 

macro results, particularly GDP, can also be explained by regional level contributions for 

BD-TERM model. Moreover, other macro variables such as real consumption and real 

investments are also likely to decrease by 0.64% and 0.47%, which indirectly contributes 

towards the national GDP. The overall consumer price index of the economy will soar by 

0.51% in the long run.  
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In the long run simulation, it was assumed that aggregate employment was fixed, 

and thus the economy was in full employment. However, labour was allowed to be mobile 

between industries and regions. Moreover, in the long run, closure, it was assumed that 

real wages were determined endogenously in the model. Therefore, the real wage would 

be adjusted in the long run, as can be seen from Table 6.3. The decrease in real wages (-

0.93%) is due to the decrease in the derived demand for labour, as a consequence of the 

considerable contraction in the agricultural industries. Real GDP from the supply side is 

mainly determined by real wages. For the capital market, the aggregate capital stock is 

determined endogenously in the model with an exogenous rate of returns. The decrease 

in long-run aggregate capital stock (0.47%) will also lead to a decrease in real investment 

in the long run compared to the base year.  In the long run, the Bangladesh economy will 

expect a positive increase of exports (by 0.13%) with a positive increase of imports by 

(0.23%) by 2050. Therefore, the mixed effects can be seen in the country’s overall 

production due to both a positive increase in the country’s exports and imports in the long 

run.  

Table 6.3: National Macroeconomic Results Due to Land-Inundation by 2050* 

National Macroeconomic Indicators Scenario S1 

Real household consumption -0.64 

Real investment -0.47 

Real government expenditure 0 

Real GDP -0.64 

Average real wage -0.93 

Aggregate capital stock -0.47 

Consumer price index 0.51 

Exports volume  0.13 

Imports volume  0.23 

*% change from the base year  
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6.3.1.2 National Industry Results  

The magnitude and direction of the impacts of sea level rise on national industry 

output and employment depend on several factors and characteristics of national and 

regional industries, regardless of the closure designed in the BD-TERM model. The 

national level industry projection results depicted in Table 6.4 indicate that a majority of 

the crop sectors are expected to experience a decline in the total output for all sectors. 

The national level output decrease also indicates the overall agricultural industry output 

contractions across regions, which is further investigated in later sections. Not only the 

crop sectors but also the manufacturing and the service industries are also expected to be 

highly influenced by sea level rise, as those sectors primarily depend on agricultural raw 

materials and products. Nevertheless, a few national manufacturing sectors, such as the 

textile and wearing apparel industries are expected to expand by 2050. The magnitude 

and the directions of those improvements can be identified by looking at the long run 

regional level results. In terms of national sectoral employment, Bangladesh’s aggregate 

long-term employment can vary according to the sectoral demand for labour across 

different regions. 
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Table 6.4: Deviations for National Industry Outputs, and Employment Due to 

Land-Inundation by 2050* 

Sectors  
Output  Employment  

Paddy rice  -1.1 2.34 

Wheat -0.88 -1.28 

Grains 0.13 0.42 

Vegetables, fruits, and nuts -1.59 0.36 

Oilseeds -1.48 -1.46 

Sugarcane -1.32 -1.69 

Fibres -0.71 0.21 

Other crops -1.77 0.28 

Cattle products -0.67 2.02 

Wool -0.36 -0.15 

Forest fish -0.66 -0.87 

Mining -0.09 -0.11 

Food manufacturing -1.52 -1.37 

Textile 0.31 0.42 

Wearing apparel 0.49 0.57 

Wood/leather -1.57 -1.48 

Other manufacturing 0.04 0.24 

Electric, gas, water -0.2 0.09 

Construction -0.5 -0.18 

Trade -0.25 -0.15 

Transports -0.29 -0.19 

Other services -0.2 -0.04 

Insurance 0.11 0.24 

Public services -0.3 -0.25 

Dwellings -0.68 -0.37 

*% change from the base year 

 

As the BD-TERM model is a bottom-up regional model, the national results could 

be derived by aggregating the regional results. The following description shows the 

regional macroeconomic and industry results for 2050. 
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6.3.1.3 Regional Macro Results  

Table 6.5 and 6.6 depict the macroeconomic results for coastal and non-coastal 

regions. According to Table 6.5, the real gross regional product (GRP) for all four coastal 

regions is expected to decline due to induced crop productivity loss. The Khulna region 

is likely to experience the highest GRP loss of 3.16% followed by a decrease of real GRP 

in Barisal region (4.31%), Chittagong region (2.73%), and Dhaka region (0.01%). The 

reasons behind the real GRP loss are the considerable agricultural and other industrial 

output contraction related to agriculture in the coastal regions. The other major reason 

behind the significant decline in real GRP is the decrease in real household consumption 

across all coastal regions. All four coastal regions are likely to experience both reduced 

household real consumption, followed by decreasing real investment in the long run.  

For the coastal regional factor market, as labour can be mobile across regions, all 

coastal regions are likely to experience a decrease in aggregate employment due to the 

output contraction of agriculture sectors, with the exception of the Dhaka region, which 

is less dependent on agriculture (see Table 6.5). In the long run, real wages will be 

enforced to decrease due to surplus labour in the economy. It is also projected that real 

wages for the three coastal regions, Khulna, Barisal, and Chittagong, are like to decline 

by -1.74%, -1.99%, and -2.73%, respectively. However, the Dhaka region is likely to 

experience a positive increase in employment of 0.175, along with an increase in real 

wages. In the long run, according to this model closure, the capital stocks in all coastal 

regions are also expected to decrease as the movement of capital stocks in long run 

follows the movement with investment.  
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Table 6.5: Deviation of Macro-Economic Variables for Coastal Regions by 2050* 

Key Macro Variables  Khulna Barisal Chittagong Dhaka 

Real household consumption -2.16 -2.66 -2.19 -0.22 

Real investment -1.86 -2.05 -1.73 -0.1 

Real government expenditure 0 0 0 0 

Exports volume 0.07 -0.37 0.07 0.04 

Imports volume used -0.61 -0.46 -0.43 0.41 

Real GRP -3.16 -4.31 -2.73 0.01 

Aggregate employment -0.81 -1.06 -0.83 0.17 

Average real wage -1.74 -1.99 -1.75 -0.77 

Aggregate capital stock -1.86 -2.05 -1.73 -0.1 

Consumer price index (CPI) 0.6 1.04 0.86 0.41 

*% change from the base year 

 

While considering the real GRP for both non-coastal adjacent and non-coastal 

distant regions, a slightly positive increase in GRP is likely to be experienced by six 

regions out of a total of eight non-coastal regions, ranging from 0.05% to 0.19% (see 

Table 6.6). As expenditure side real GRP is determined by the real household 

consumption, real investment, real government expenditure, and net exports, the overall 

changes in real GRP can be explained by the components of the GRP (as can be seen in 

Appendix 6C). The positive GRP increment is due to the sectoral output improvement for 

agriculture or related industries in those regions. Only the rest of the Khulna (RoK) and 

Mymensingh will face slightly negative real GRP by -0.05% and -0.06%, respectively. 

Real household consumption and real investment are expected to decrease by-0.52% and 

-0.25%, respectively in the case of the RoK region, and by -0.57% and -0.27% 

respectively for the Mymensingh regions. However, only the rest of Chittagong (RoC) 

and Dhaka capital regions are expected to increase in household consumption by 0.12% 

and 0.53%, respectively. 
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Table 6.6: Deviation of Macro-Economic Variables for Non-Coastal Regions by 2050* 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka.  

Key Macro Variables 
RoK1 Rajshahi Rangpur Sylhet RoC2 DhakaC3 RoD4 Mymensingh 

Real household consumption -0.52 -0.33 -0.18 -0.28 0.12 0.53 -0.17 -0.57 

Real investment -0.25 -0.1 0.08 -0.21 -0.17 -0.15 -0.11 -0.27 

Real government expenditure 0 0 0 0 0 0 0 0 

Exports volume 0.06 0.2 -0.29 -0.16 0.25 0.39 0.01 -0.12 

Imports volume used 0.26 0.39 0.62 0.48 0.55 0.33 0.35 0.47 

Real GRP -0.05 0.05 0.14 0 0.1 0.19 0.07 -0.06 

Aggregate employment 0.02 0.11 0.18 0.13 0.33 0.54 0.19 -0.01 

Average real wage -0.92 -0.82 -0.75 -0.8 -0.6 -0.39 -0.74 -0.94 

Aggregate capital stock -0.25 -0.1 0.08 -0.21 -0.17 -0.15 -0.11 -0.27 

Consumer price index  0.66 0.61 0.61 0.45 0.15 -0.16 0.44 0.79 
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For the labour market in non-coastal regions, the total employment demands in both 

non-coastal adjunct and non-coastal adjacent regions are expected to increase due to the 

sectoral output contraction in the coastal regions and total labour released from those 

contracted industries in coastal regions. The reason behind this is the considerable output 

improvement of agricultural or related industries in non-coastal regions. As the majority 

of the agricultural and manufacturing industries are labour intensive, the increased 

aggregate labour demand will lead to higher aggregate employment for those non-coastal 

regions. For example, aggregate employment will increase slightly by 0.02% for the ROK 

region, with a decrease in real wages of 0.92%. However, for the Mymensingh district, 

the aggregate employment is likely to decrease, along with a decrease in real wages. The 

aggregate capital stock is also likely to decrease negatively across majority of the non-

coastal coastal regions (for example, -0.25% for RoK and -0.27% for Mymensingh 

regions). A minimal increase of capital stock can also be found in the long run in Rangpur 

(0.08%), a non-coastal distant region. 

6.3.1.4 Regional Coastal Industry Results  

In the long run, crop productivity loss will have significant impacts on the outputs 

of the agricultural sectors in the coastal regions (see Figure 6.2). It can be seen that with 

the exception of the Dhaka region, all three coastal regions will experience a loss in 

agricultural production. For example, the Barisal, Khulna, and Chittagong regions will 

experience an overall range of a loss of 8.63%, 9.99%, and 10.74%, respectively in the 

output of paddy rice. Similar output patterns can be found in those regions for other 

important coastal agricultural industries, such as grains, vegetables, other crops, cattle 

products, wool, and sugar cane. The key reason behind the agricultural sector contraction 

in coastal regions is the considerable crop productivity losses for agricultural industries 

in coastal regions. However, the Dhaka region is expected to gain moderately compared 
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to other coastal regions, as it is less dependent on agriculture. With the exception of the 

production of wheat (-0.49%), oilseeds (-0.19%) and sugar cane (-0.55%), other crops 

production will face a slight gain in the long run. For example, paddy production in the 

Dhaka region will face a positive output gain of 1.79% compared with the other coastal 

regions.  

Manufacturing and service industries will be the directly impacted sectors due to 

crop production loss in the coastal regions in the long run. Figure 6.3 represents the 

sectoral output loss for the coastal manufacturing and service sector. 

 

Figure 6.2: Deviation of outputs for coastal agricultural sectors by 2050 (% change 

from the base year) 

 

A few manufacturing sectors that are generally dependent on agriculture, such as 

food manufacturing, show the maximum contraction due to the lower availability of 

agricultural local (within region) resources, along with the higher cost of production due 

to expensive imports from other regions. All four coastal regions are likely to experience 

a loss in food manufacturing products, with the highest likely loss be faced by the Khulna 

region (-5.57%). The output loss is likely to be lowered by the Dhaka region, about -
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0.29%. In contrast, a few manufacturing industries, such as textile and wearing apparel 

industries are expected to expand slightly, even in the coastal regions, due to the 

availability of more labour and capital from contracting agricultural sectors. All coastal 

regions, including the Khulna, Barisal, Chittagong, and Dhaka regions, will experience 

an increase in textile and wearing apparel industry output production.  

Some manufacturing industries, such as leather products, and other manufacturing 

industries, including metals and motor vehicle parts, also show a contraction of output in 

the range of -1.09% to -4.18%, respectively as a result of competition from cheaper 

imports. The reason behind the contraction of some of the manufacturing industries, 

which are not based on agricultural commodities as an input, could be viewed as a 

consequence of the attraction of resources to more profitable manufacturing industries, 

based on agricultural commodities as an input. This input includes the mobility of labour 

from non-agricultural based industries to more attractive agricultural manufacturing 

industries. As some of the agricultural intensive industries are expected to expand relative 

to other industries, skilled and unskilled labour may be more attracted to migrate to those 

sectors within and outside coastal regions.  
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Figure 6.3: Deviation of output for coastal manufacturing and service sectors by 

2050 (% change from the base year) 

 

The overall agricultural and manufacturing sectors’ contraction in the coastal 

regions will also affect the coastal regions’ service sectors. As the service sectors are very 

important for Bangladeshi coastal regions, sea level rise inundation related crop loss will 

have spill-over negative impacts on the different industry outputs for those sectors. Some 

utilities (industries such as business services, retail-wholesale trade, transport, and 

electricity, gas, and water) that supply input to those agricultural and manufacturing 

industries will also show the contraction effects. Moreover, the construction industry in 

the coastal regions exhibits negative growth, with the highest loss for the Barisal region 

(-1.38%) followed by the loss by Khulna (-1.25%), Chittagong (-1.24%), and the Dhaka 

regions (-0.34%) due to the decreasing impacts, as shown in the real domestic absorption. 
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6.3.1.5 Regional Non-Coastal Industry Results  

Table 6.7 and Table 6.8 depict the non-coastal agricultural and manufacturing 

sectoral outputs for the non-coastal regions of Bangladesh. Overall, the non-coastal 

regions are expected to experience spill-over impacts due to the agricultural contraction 

in the coastal regions.  

In general, a positive increment of outputs is expected in agricultural sectoral output 

in order to meet the country’s overall food security. Since the majority of the Bangladeshi 

population depends on paddy rice as part of their daily food demand, overall, non-coastal 

regions are expected to face a positive sectoral output of paddy rice by 2050 (see Table 

6.7). For other agricultural sectors, wheat, oilseeds, and sugarcane production will be 

negatively affected for all non-coastal regions. However, other crop sectors are expected 

to face positive increments in crop outputs.  
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Table 6.7: Deviation of Sectoral Output for Non-Coastal Agricultural Sectors by 2050* 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka

Sectors RoK1 Rajshahi Rangpur Sylhet RoC2 DhakaC3 RoD4 Mymensingh 

Paddy rice 2.22 2.06 1.9 2.12 2.29 2.39 2.17 2.16 

Wheat -0.69 -0.53 -0.44 -0.5 -0.45 -0.46 -0.57 -0.64 

Grains 0.2 0.34 0.3 0.35 0.38 0.4 0.38 0.32 

Vegetables, fruits, and nuts 0.43 0.27 0.22 0.53 0.81 0.89 0.52 0.44 

Oilseeds -0.36 -0.3 -0.17 -0.26 -0.22 -0.27 -0.28 -0.4 

Sugarcane -0.82 -0.77 -0.72 -0.7 -0.67 -0.65 -0.72 -0.82 

Fibres 0.53 0.53 0.52 0.59 0.63 0.61 0.59 0.51 

Other crops 0.68 0.65 0.82 1.03 1.09 1.15 0.86 0.73 

Cattle products 2.37 1.9 1.88 2.3 2.44 2.4 2.1 2.11 

Wool 0.67 0.67 0.73 0.62 0.63 0.51 0.6 0.62 

Forest fish -0.68 -0.66 -0.64 -0.56 -0.49 -0.58 -0.62 -0.67 
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A few industries in the non-coastal regions show a similar output pattern in both 

coastal and non-coastal regions. All of the non-coastal regions, including both non-coastal 

adjacent and non-coastal distant regions, are expected to experience a decline in the 

output for food manufacturing (see Table 6.8). However, the extent is lower compared to 

the output contraction in the coastal regions. In addition, the extent of the loss is greater 

for non-coastal adjacent regions, such as RoK (-1.1%), RoD (-0.34%) and Dhaka (-

0.15%), respectively. However, only some parts of the Chittagong region will make a 

slight improvement in output due to the region’s overall development. A similar output 

contraction can be seen for the leather industry in both coastal and non-coastal regions in 

the long run.  

For the textile and wearing apparel industries, all non-coastal regions show slight 

positive output improvements. However, non-coastal adjacent regions increased outputs 

relatively more compared to the non-coastal distant regions. The key reason is that non-

coastal adjacent regions consist of districts slightly further from the coastal districts. 

Therefore, it would be more convenient for rural labour to migrate to those near districts 

for better work opportunities in the long run.  

While considering the results for an industry like wood/leather, mixed results can 

be seen due to the net effects of movement of resources towards the more agricultural 

based industries in long run. However, industries, such as other manufacturing industries 

show dissimilar results between coastal and non-coastal regions in the long run.  

 Overall, it can be seen that those manufacturing industries that are directly related 

to agricultural sectors will face a negative sectoral output, whereas those industries that 

have not directly used agricultural related products as intermediate inputs will face a 

positive improvement in sectoral output, with either an increase or a decrease in price 

levels for both adjacent and distant non-coastal regions.  
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Table 6.8: Deviation of Sectoral Output for Non-Coastal Manufacturing and 

Service Sectors by 2050* 

Sectors RoK1 Rajshahi  Rangpur Sylhet RoC2 DhakaC3 RoD4 Mymensingh 

Mining -0.1 -0.11 -0.12 -0.09 -0.06 -0.04 -0.08 -0.11 

Food Manufacturing -1.1 -0.71 -0.21 -0.62 0.05 -0.15 -0.34 -1.15 

Textile 0.22 0.17 0.03 0.25 0.42 0.41 0.03 0.07 

Wearing apparel 0.44 0.39 0.32 0.52 0.63 0.75 0.42 0.36 

Wood/leather -1.19 -0.7 -0.64 -0.88 -0.75 -0.03 -0.59 -1.19 

Other Manufacturing -0.01 0.09 0.14 0.12 0.26 0.28 0.15 -0.01 

Electric Gas Water -0.33 -0.18 -0.14 -0.15 0.03 0.17 -0.15 -0.35 

Construction -0.58 -0.42 -0.22 -0.43 -0.59 -0.39 -0.42 -0.61 

Trade -0.39 -0.18 -0.12 -0.3 -0.29 0.45 -0.12 -0.54 

Transports -0.47 -0.25 -0.12 -0.2 -0.01 0.45 -0.15 -0.59 

Other Services -0.59 -0.32 -0.25 -0.33 -0.2 0.47 -0.27 -0.77 

Insurance -0.68 -0.24 -0.15 -0.23 0.02 0.51 -0.38 -0.83 

Public Services -0.37 -0.16 -0.07 -0.08 0.17 0.59 -0.05 -0.44 

Dwellings -0.55 -0.07 0.07 -0.11 -0.57 0.61 -0.11 -0.57 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka 

Capital; 4RoD: Rest of Dhaka 

 

For non-coastal service sectors, with the exception of Dhaka, the capital city of 

Bangladesh, the sectoral outputs of service sectors are expected to decrease for both 

adjacent and distant non-coastal regions in the long run. Only construction in Dhaka city 

is expected to decrease by -0.39%. Other than construction, all other service-related 

industries such as trade, transport, other services, and public services are likely to increase 

outputs by 0.45%, 0.45%, 0.47%, 0.59%, respectively. In the long run, the mining sector 

will also be negatively affected by all of the non-coastal regions due to the spill-over 

effects of other sectors. 
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6.3.1.6 Regional Exports and Imports  

The regional market share demonstrates likely impacts on the export and import of 

goods and services from one region to another. As crop productivity loss in the coastal 

regions will decrease the sectoral output for the majority of the coastal regions with an 

increase in price levels, regional market shares are unlikely to move towards the coastal 

regions. The highest loss will be faced for regional exports from the Barisal region (-

3.83%) followed by the Khulna region (-2.81%), and Chittagong region (-1.83%). While 

considering regional imports, the Khulna and Barisal regions will lose their market share 

through imports by -0.40% and -1.05% compared to the Chittagong and Dhaka regions 

respectively. 

In the long run, non-coastal regions, including non-coastal adjacent and non-coastal 

distant regions are likely to experience a positive increase in regional exports. Among the 

non-coastal adjacent regions, two of the adjacent regions such as rest of the Khulna, and 

rest of Dhaka region will face positive impacts on regional exports by 0.13% and 0.15%, 

respectively. In contrast, the rest of the Chittagong (RoC) region and Dhaka capital region 

are expected to face a decrease in the region’s exports by -0.09% and -0.08%, 

respectively. For the non-coastal distant regions, all regions are likely to experience a 

positive increase in regional exports. For example, regions such as Rajshahi, Rangpur, 

Sylhet, and Mymensingh are likely to increase the regional exports by 0.21%, 0.51%, 

0.08%, and 0.14%, respectively.  

While considering non-coastal regional imports, regional imports are expected to 

decrease for non-coastal adjacent regions such as rest of Khulna, rest of Chittagong, and 

rest of Dhaka by -0.56%, -0.24%, and -0.42%, respectively. However, regional imports 

for the non-coastal distant regions are expected to be -0.49%, -0.68%, -0.81%, and -0.71% 

for the Rajshahi, Rangpur, Sylhet, and Mymensingh regions, respectively. Though the 
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extent of the increase or decrease of market share is lower, this shows the winning or 

losing districts in terms of relative market share for Bangladesh by 2050, as regional 

market share depends on the output contraction of industries and the markets shares that 

can be earned by all of the districts.  

 

Figure 6.4: Deviation of the regional export and import shares due to land 

inundation induced agricultural loss by 2050 (% change from the base year) 
 

6.3.2 Salinity Intrusion (Scenario S2) 

The second simulation was carried out to evaluate the agricultural productivity loss 

due to salinity intrusion. As salinity intrusion due to sea level rise is one of the massive 

threats towards coastal agriculture, it can be expected that the overall Bangladeshi 

economy will also be affected greatly, as compared to Scenario S1, as the resulting 

general equilibrium effects in the long run. Similar to the Scenario S1 discussion, the 

national macroeconomic and industry results are first discussed, followed by the regional 

macro and industry level results and regional exports and imports by 2050.   

6.3.2.1 National Macro Results  

Table 6.9 and Table 6.10 present the national macroeconomic and industry results 
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follow the previous scenario results (Scenario 1), the magnitude of the effects differ in 

the long run. In the salinity intrusion scenario, the national real GDP for Bangladesh is 

likely to decrease by -4.98% by 2050. Other than real GDP national household 

consumption, investments are also likely to decline to a quite similar extent, by -4.98% 

and -4.18%, respectively. The loss for real GDP and other macro variables is due to 

salinity-intrusion-related agricultural productivity, which is worse compared to Scenario 

S1. The labour market will expect a decrease in real wages, along with a decrease in the 

country’s capital stock by 9.2% and 4.18%, respectively. Overall, agricultural 

productivity loss will increase the countries’ national consumer price index (CPI) by 

4.89%. Furthermore, the resulting variations in macro results can also be identified 

through the regional contributions towards national macro results (as can be seen from 

Appendix 6B). 

Table 6.9: National Macro-Economic Results Due to Salinity Intrusion by 2050* 

National Macroeconomic Indicators Scenario S2 

Real household consumption -4.98 

Real investment 
-4.18 

Real government expenditure 
0 

Real GDP 
-4.98 

Average real wage 
-9.2 

Aggregate capital stock 
-4.18 

Exports volume  
2.52 

Imports volume 
2.65 

Consumer price index 
4.89 

*% change from the base year 

6.3.2.2 National Industry Results  

The long-run industry-level results due to the salinity intrusion depict a higher 

magnitude of sectoral output contraction for all of the agricultural sectors. Without any 

significant adaptation steps undertaken by the Bangladeshi Government, all nine crop 
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sectors will show a decrease in output by 2050 (see Table 6.10). The country’s national 

production of vegetables, other crops, and paddy shows a marked decrease in output by -

15.58%, -11.19% and -8.32%, respectively. The key reasons behind the output 

contraction of the national industries are due to the decline of output levels by regional 

agricultural industries.  
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Table 6.10: Deviation for National Industry Outputs, and Employment Due to 

Salinity Intrusion by 2050* 

Sectors  
Output  Employment 

Paddy rice  -8.32 15.72 

Wheat -6.18 -9.94 

Grains -1.73 -2.05 

Vegetables, fruits, and nuts -15.58 6.95 

Oilseeds -5 -5.03 

Sugar cane -4.66 -5.05 

Fibres -3.96 5.04 

Other crops -11.19 5.77 

Cattle products 1.56 16.62 

Wool 0.77 2.48 

Forest fish -7.76 -9.66 

Mining -0.64 -0.67 

Food manufacturing -10.52 -9.38 

Textile 2.91 4.12 

Wearing apparel 5.3 6.07 

Wood/leather -9.72 -8.96 

Other manufacturing 0.14 2.2 

Electric, gas, water -2.02 0.97 

Construction -4.22 -1 

Trade -3.47 -2.49 

Transports -2.93 -1.86 

Other services -1.35 0.24 

Insurance 1.76 3.11 

Public services -1.88 -1.3 

Dwellings -4.8 -1.82 

*% change from the base year 

 

As noted, the manufacturing industries, along with the agricultural industries are 

also expected to contract significantly when those industries in any region depend on the 

pattern of the agricultural industries. For example, the food manufacturing industry shows 
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a significant national output decrease by -10.52% due to its direct dependency on 

agricultural sectors output. Similarly, other industries, such as the textile and wearing 

apparel industries will still be better off by improving the output by 2.91% and 5.3%, 

respectively.  

6.3.2.3 Regional Macro Results  

While analysing the regional economic conditions, regional GRP plays a large role 

in determining the overall economic conditions of region’s economy. The BD-TERM is 

a bottom-up model where each region is considered a separate economy. Regional GRP, 

along with other macro variables, shows important economic determinants for the regions 

due to salinity intrusion.   

In the long run, all coastal regions will face negative real GRP for the S2 Scenario 

due to the large agricultural output contraction. Among the coastal regions, the Khulna 

region will experience the highest GRP loss of -56.03%, followed by the GRP loss for 

other regions, such as Barisal (-21.31%), Chittagong (-9.64%), and the Dhaka region          

(-2.24%). While considering other macro variables and real household consumption, real 

investment is expected to decrease due to the loss in the agriculture sector for all four 

coastal regions (see Table 6.11).  

In the case of the factor market, similar patterns can be seen for aggregate 

employment and real wage for the coastal regions if farmers do not make any adaptation 

towards the salinity-induced crop loss. In the case of the labour market, aggregate 

employment will decrease significantly from -2.97% to -28.81% for three coastal regions 

Khulna, Barisal, and Chittagong, whereas a small positive increment can be found for the 

coastal Dhaka region by 0.86%. The Khulna region shows a marked decrease in aggregate 

employment (-28.81%) due to a substantial contraction in the agricultural sector. The 

agriculture sector contraction in the coastal regions will also have a negative effect on the 

real wages, where the average is expected to decline by -36.68% for the Khulna region 



197 

 

followed by the Barisal, Chittagong, and Dhaka regions by 2030. Dhaka regions can still 

face a positive employment rise, as can be expected from a capital city region in 

Bangladesh.  

The long-run capital stocks are also expected to decrease by a significant amount 

for four coastal regions by the amount of -2.11% to -45.73%. Though the Khulna region 

is also expected to create a positive (16.35%) increase in exports to other regions, the total 

amount of imports is also likely to decrease by -33.31% for the overall economy of the 

Khulna region. For other coastal regions, both exports and imports are still likely to 

experience positive growth (for example, the export volume ranges are 1.35% to 4.8% 

and the import volumes are 2.22% to 4.48%).  

Table 6.11: Deviation of Macro-Economic Variables for Coastal Regions by 2050* 

Key Macro Variables 
Khulna Barisal Chittagong Dhaka 

Real household consumption  -56.03 -21.31 -9.64 -2.24 

Real investment  -45.73 -16.29 -8.33 -2.11 

Real government expenditure 0 0 0 0 

Exports volume  16.35 2.47 4.8 1.35 

Imports volume used -33.31 2.22 2.54 4.48 

Real GRP -49.89 -31.46 -12.83 -3.44 

Aggregate employment -28.81 -9.23 -2.97 0.86 

Average real wage -36.38 -17.85 -11.97 -8.38 

Aggregate capital stock -45.73 -16.29 -8.33 -2.11 

Consumer price index 16.6 11.76 5.73 4.08 

*% change from the base year 

 

The simulation results show positive growth in real GRP for all the non-coastal 

regions (see Table 6.12) due to the output improvement for agriculture and other related 

industries. Real GRP is expected to increase, not only for all the non-coastal adjacent 
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regions but also distant non-coastal regions. The GRP gain is highest for non-coastal 

regions, such as the Rajshahi region (2.53%) and the Rangpur region (2.68%) compared 

to other non-coastal regions in the long run. Compared to the non-coastal distant regions, 

non-coastal adjacent regions are expected to face lower real GRP by 2050. The key 

reasons are the respective impacts of GRP determinants and the model parameters. For 

example, the rest of the Khulna (RoK) region will face the real GRP improvement by 1%, 

followed by the rest of Dhaka (RoD) region by 1.85%, and the rest of Chittagong (RoC) 

region by 1.93% respectively. Similar to the S1 scenario, Dhaka city or the Dhaka region 

will also experience positive real GRP growth by 2.43%. When considering other macro 

variables, real household consumption and real investment are expected to increase 

positively through crop productivity loss in the coastal regions in the long run. All of the 

non-coastal regions are likely to experience an increase in real household consumption, 

with the exception of the RoK and Mymensingh regions. Real investment is expected to 

be positive for many non-coastal regions, such as the RoK (0.07%), Rajshahi (2.13%), 

Rangpur (2.82%), rest of Dhaka (0.52%), and Mymensingh (1%) regions. However, the 

agricultural sector loss will cause negative impacts on real investment for many important 

business prominent regions, such as rest of Chittagong (RoC, -0.16%), Sylhet (-0.1%), 

and Dhaka capital (DhakaC, -0.82%), respectively. 

 For the non-coastal factor market, similar directions will be seen as those in 

Scenario S1, where aggregate employment will increase for all regions (highest in Dhaka 

capital, 5.73%) due to the surplus labour migration from coastal regions from the 

contracting industries in coastal regions and towards the non-coastal region's industries, 

even with lower wage rates. In the capital market, aggregate capital stocks are likely to 

increase for all non-coastal regions, with the exception of regions such as Sylhet, the rest 

of Chittagong (RoC), and the Dhaka region (DhakaC) where the capital stocks are likely 

to decrease by -0.1%, -0.16%, -0.82%, respectively. A minimal increase in capital stock 
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can be seen for few non-coastal regions due to the sectoral output improvement for those 

regions in long run. With regards to trade, regional imports are likely to increase for all 

non-coastal regions by 4.1% to 7.49% due to the terms of trade effects, whereas export 

amounts are likely to increase for all of the non-coastal regions, with the exception of the 

Rangpur and Mymensingh regions. The consumer price index is likely to increase by 

2050 irrespective of the non-coastal adjacent and non-coastal distant regions except for 

Dhaka city in the long run. 
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Table 6.12: Deviation of Macro-Economic Variables for Non-Coastal Regions by 2050* 

Key Macro Variables 
RoK1 Rajshahi Rangpur  Sylhet  RoC2 DhakaC3  RoD4 Mymensingh 

Real household consumption  -1.44 1.54 2.17 0.99 4.09 7.44 1.57 -0.91 

Real investment  0.07 2.13 2.82 -0.1 -0.16 -0.82 0.52 1 

Real government expenditure 0 0 0 0 0 0 0 0 

Exports volume  2.13 2.35 -1.36 1.43 4.12 2.84 0.49 -0.21 

Imports volume  4.43 5.89 7.49 6.04 6.2 4.1 4.7 7.09 

Real GRP 1 2.53 2.68 1.29 1.93 2.43 1.85 1.56 

Aggregate employment 1.27 2.79 3.1 2.5 4.05 5.73 2.8 1.55 

Average real wage -7.99 -6.56 -6.27 -6.84 -5.37 -3.79 -6.56 -7.73 

Aggregate capital stock 0.07 2.13 2.82 -0.1 -0.16 -0.82 0.52 1 

Consumer price index  5.41 4.96 5.06 3.36 1 -1.77 3.43 6.53 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka
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For the non-coastal factor market, similar directions to Scenario S1 will be seen 

where aggregate employment will increase for all regions (highest in Dhaka capital, 

5.73%) due to the surplus labour migration from coastal regions from contracting 

industries in coastal regions towards the non-coastal region's industries, even with lower 

wage rates. A minimal increase in capital stock can be seen for few non-coastal regions 

due to the sectoral output improvement for the regions.  

6.3.2.4 Regional Coastal Industry Results  

Figure 6.5 and Figure 6.6 represent the deviation of sectoral output for agricultural, 

as well as the manufacturing and service sectors for coastal regions of Bangladesh.  

A substantial amount of crop production loss is expected to be experienced by all 

of the coastal regions. As salinity intrusion is an enormous threat to the coastal 

agricultural sectors, the effects on crop production will even be worse compared to the 

crop production loss due to land inundation (Scenario S1). According to Figure 6.5, the 

Khulna region will experience the highest loss for paddy crop production, followed by 

the Barisal and Chittagong regions by -77.74%, -37.44%, and -30.44%, respectively. 

Without any adaptation measures, many of the farmers in the Khulna region, who are 

involved in producing wheat, grains, oilseeds, sugar cane, other crops, and cattle products 

will also experience enormous production loss and may stop producing those crops24. The 

key reason for the substantial production loss is the substantial productivity losses for 

those crops due to the increase of soil salinity, which is far above the tolerance levels of 

those crop productions. In addition to the Khulna region, the Barisal and Chittagong 

                                                 

24 According to the model results, any crop production loss of more than 100% is equivalent to the zero 

production for those crops. 
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regions are also expected to face a complete production loss for fibre and jute crop 

production by 2050. The second highest production loss will be faced by the Barisal and 

Chittagong regions for the grains sectors and vegetables by -86.83% and -70.9%, 

respectively. For the Dhaka region, the highest output loss will be faced by the jute and 

fibre sectors by -42.09% by 2050.  

A few of the crop sectors are likely to experience positive output gain in some 

regions by 2050. For example, the Dhaka region is expected to improve paddy production 

along with producing oilseeds, other crops, and wool by 14.07%, 9.78%, 6.92%, and 2.4% 

respectively. Slightly positive output productions are expected to be faced by the Barisal 

region for the oilseeds, wool, and wheat sectors output by 16.83%, 2.3%, and 1.31% 

respectively. For the Chittagong region, the positive outputs can be seen only in oilseeds 

and wool, by 14% and 2.54%, with a slight decrease in production of wheat -0.65%, 

respectively in the long run.  

Therefore, it can also be inferred that although some districts have a region that will 

experience negative output effects, at the same time, some districts will also be able to 

increase their production, which causes overall regions with a mixed output and price 

effects due to salinity induced crop productivity loss. Moreover, it can be seen that the 

Khulna region is still facing the highest amount of losses for all of the agricultural sectors, 

which could completely destroy agricultural production due to both land inundation and 

salinity intrusion without any action plans by the Bangladeshi Government.  
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Figure 6.5: Deviation of sectoral output for coastal agricultural sectors by 2050 (% 

change from the base year) 

 

Figure 6.6: Deviation of sectoral output for coastal manufacturing and service 

sectors by 2050 (% change from the base year) 

 

Overall, the agricultural productivity losses will have spill-over impacts for the 

manufacturing and service sectors in coastal regions (see Figure 6.6). However, it can be 
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expected that the extent of the impacts will be worse for Scenario S2 when compared to 

Scenario S1.  

 For coastal manufacturing industries, food manufacturing, an agricultural 

dependent industry, shows the highest contraction in the long run. Food manufacturing 

production in the Khulna region is expected to be affected the most due to the substantial 

loss of agricultural crop production. Other regions will also expect production loss within 

the ranges of -5.51% to -34.42%, respectively. As the food manufacturing industry’s 

production primarily depends on agricultural production, the extent of the output loss for 

the food manufacturing industry, therefore, depends on the extent of crop productivity 

loss that will be faced by the coastal districts, as well as regions.  

Similar to Scenario S1, leather products also show a contraction of output within 

the ranges of -6.15% to -52.03% as a result of competition from cheaper imports. 

However, in the case of other manufacturing industries, unlike Scenario S1, a slight 

positive increase of output can be seen for the Chittagong and Dhaka regions, by 0.61% 

and 2.54%, respectively 

The textile and wearing apparel industries will experience a positive output gain for 

all coastal regions due to the large absorption of labour and capital from agricultural 

sectors to manufacturing sectors in the long run. It can be seen that the highest textile and 

wearing apparel sectoral production gains are expected in the Khulna region, by 14.38% 

and 23.23%, respectively. As farmers in rural coastal districts within the Khulna regions 

are expected to be greatly affected due to the salinity intrusion, a great tendency will be 

seen in the long run for those farmers to migrate towards the non-agricultural sectors in 

the capital Khulna city. The output gains by other regions are 4.3% and 7.58% for 

Chittagong, and 1.12% and 5.74% for the Dhaka regions. For the Barisal region, a 

decrease in output can be seen for the textile industry (-3.33%), with a positive increase 

in output for the wearing apparel industry, of 7.71%. For the Dhaka region, both the textile 
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and wearing apparel industries will experience a positive increase in output, by 1.12% 

and 5.74% by 2050.  

 In the case of the service sector, all four coastal regions will experience negative 

output loss for all service industries, such as electric, gas, and water; construction; 

transport; and all other service sectors, including public services and the insurance 

industries. Among all of the service industries, the construction, transport, and public 

service sectors are expected to face the highest impacts for all of the coastal regions, 

particularly for Khulna, where the loss for the transport sector is -37.94%, construction 

loss is -26.12% and the loss of the public services is -31.98%, respectively. However, the 

Dhaka region will face the lowest impacts for the majority of the service sectors compared 

to all other service sectors in all other coastal regions in Bangladesh in the long run. As 

the capital city of Bangladesh, the majority of the key and necessary services, such as 

education, health, and construction are concentrated within the Dhaka region. Therefore, 

it is expected that the services provided by those sectors will be the least affected due to 

the likely contraction in the agricultural sectors in the coastal regions in the long run. 

6.3.2.5 Regional Non-Coastal Industry Results  

Table 6.13 depicts the non-coastal agriculture for non-coastal adjacent and non-

coastal distant regions in the long run. Overall, the majority of the crop sectors are 

expected to expand sectoral output by 2050. Among other sectors, paddy crop sectors are 

expected to show significant expansion across all non-coastal regions in the long run. 

Similarly, output in non-coastal regions is likely to increase due to the resource 

movements from coastal agriculture sectors. However, the paddy production expansion 

is expected to be greater for non-coastal adjacent regions, such as RoD (15.37%), RoK 

(15.98%), RoC (16.12%), and DhakaC (16.64%) compared to the paddy production by 

non-coastal distant regions, such as Rangpur (13.18%), Rajshahi (14.01%), Mymensingh 
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(14.83%), and Sylhet (15.25%), respectively. This is expected due to the availability of 

more resources by non-coastal adjacent regions compared to the non-coastal distant 

regions from the coastal regions in long run. A few sectors, such as wheat, grains and 

sugar cane, are not likely to expand across all regions due to less available resources in 

the long run. Overall, it can be seen that non-coastal regions will benefit by increasing 

agricultural sectoral production due to the sea level rise.  
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Table 6.13: Deviation of Sectoral Output for Non-Coastal Agricultural Sectors by 2050* 

Sectors   
RoK1 Rajshahi  Rangpur Sylhet RoC2 DhakaC3 RoD4 Mymensingh 

Paddy rice 15.98 14.01 13.18 15.25 16.12 16.64 15.37 14.83 

Wheat -5.88 -3.41 -2.54 -2.18 -1.56 -1.92 -4.13 -4.12 

Grains -2.96 0.13 0.22 0.31 1.14 1.06 0.58 -0.17 

Vegetables, fruits, and nuts 8.5 5.91 5.08 7.88 10.33 10.52 8.05 8.04 

Oilseeds 9.03 6.15 7.22 8.08 7.17 7.35 7.1 5.94 

Sugar cane -1.35 -0.69 -0.24 0.63 0.95 1.09 0.1 -0.64 

Fibres 6.62 6.25 6.14 6.99 7.36 7.18 6.99 6.26 

Other crops 8.69 7.38 7.75 9.23 9.86 10.55 9.04 8.22 

Cattle products 16.53 13.51 13.55 14.24 14.49 15.12 13.89 13.84 

Wool 2.78 3.17 3.65 2.82 2.78 1.97 2.74 2.92 

Forest fish -7.45 -7 -6.6 -5.26 -4.49 -6.29 -6.49 -6.63 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka



208 

Overall, the manufacturing sectors in the non-coastal regions are expected to gain 

positively in terms of expanding the sectoral outputs in the long run. A few manufacturing 

sectors that are primarily dependent on agriculture, such as food manufacturing, are 

expected to expand in the long run for both non-coastal distant and non-coastal adjacent 

regions. Though the food production sectors in coastal regions are expected to contract, 

their counterpart regions show expansion by 2050. The highest food manufacturing 

production will be seen in the Dhaka capital, where the output gain will be 10.12%. The 

extent of output increase will be similar in other non-coastal adjacent ROC, ROD, and 

ROK regions by 4.14%, 3.49%, and 3.59%, respectively.  

Similar expansion patterns can be found for the labour-intensive textile and wearing 

apparel industries, where positive outputs can be expected for all regions due to the 

greater available factor of production from other contracting sectors by 2050. All non-

coastal adjacent, as well as non-coastal distant regions, will experience a positive output 

for the textile industry from the ranges of 0.31% for the Rangpur region to 3.77% for the 

rest of the Chittagong region. In contrast a few of the manufacturing sectors, such as wood 

and leather show contraction for all of the regions as a result of competition coming from 

cheaper imports. However, other manufacturing sectors are expected to face positive 

increases in outputs for all non-coastal regions due to the net effects of resource 

movement in the long run.  

 

 



209 

 

Table 6.14: Deviation of Sectoral Output for Non-Coastal Manufacturing and Service Sectors by 2050* 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka

Sectors RoK1 Rajshahi  Rangpur Sylhet RoC2 DhakaC3 RoD4 Mymensingh 

Mining -0.92 -1.01 -1.04 -0.66 -0.39 -0.19 -0.58 -0.98 

Food manufacturing 3.59 2.72 3.93 0.53 4.14 10.12 3.49 0.02 

Textile 3.08 1.2 0.31 2.6 3.77 3.55 0.41 0.7 

Wearing apparel 5.22 3.83 3.31 5.43 6.23 7.45 4.46 3.64 

Wood/leather -6.65 -3.6 -3.75 -4.01 -3.11 1.61 -2.62 -6.85 

Other manufacturing 0.04 2.05 2.28 2.32 3.25 3.33 2.43 1.28 

Electric, gas, water -3.75 -0.44 -0.11 -0.25 0.81 2.19 -0.89 -2.45 

Construction -4.58 -2.2 -0.29 -2.51 -3.99 -3.07 -2.78 -3.65 

Trade -4.15 -0.55 -0.4 -2.42 -2.51 4.39 -0.71 -4.22 

Transports -3.35 0.34 1.12 0.7 1.69 5.83 0.5 -3.22 

Other services -5.52 -1 -0.23 -1.05 -0.06 5.43 -1.03 -5.12 

Insurance -7.69 -0.66 0.46 -0.28 1.73 5.63 -2.87 -6.46 

Public services -1.85 1.81 2.38 2.08 4.27 7.52 1.98 -0.97 

Dwellings -2.35 2.76 3.66 1.59 4.38 8.1 2.53 -0.18 
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The overall agricultural and manufacturing sectors contraction in both the coastal 

and non-coastal regions will also affect the coastal regions service sectors. The majority 

of the distant, as well as adjacent regions, will face reduced outputs for key service 

industries, such as electric-gas-water, construction, transport, and other services. Only 

Dhaka capital city will experience positive outputs for all service sectors, with the 

exception of construction, where the loss will be -3.07%. Some of the non-coastal regions, 

such as Rajshahi, Sylhet, and the rest of Dhaka (RoD) will also experience positive 

outputs for transport sectors by 0.34%, 0.7%, and 0.55%, respectively in the long run.  

6.3.2.6 Regional Exports and Imports  

While considering the regional market shares for Scenario S2, the overall resulting 

export and import results vary, along with the sectoral output changes across coastal and 

non-coastal regions.  

With the exception of the Khulna region, all other coastal regions, such as Barisal, 

Chittagong, and Dhaka will experience a decline in regional exports, where the Barisal 

region will experience the highest loss in regional exports by -20.16% followed by the 

Chittagong region by -7.22%, and the Dhaka region by -0.27%. However, even after 

experiencing a greater crop loss due to salinity intrusion, the Khulna region will still 

experience positive gain in regional exports by 2.11%, along with positive regional 

imports by 12.45%. For other coastal regions, such as the Barisal, Chittagong, and Dhaka 

regions, both the Chittagong and Dhaka regions will have to import more from other 

regions by 1.5% and 0.02%, respectively, and the Barisal region can still decrease its 

regional imports by -4.48%. The key reasons behind increasing imports can be explained 

due to a large amount of crop productivity loss and its related overall impacts for those 

coastal regions.  
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While considering the regional market shares for the non-coastal regions (see figure 

6.7), the majority of the non-coastal regions will experience more exports by 2050 

compared to the amount they are currently exporting. The lowest and the highest regional 

export amounts are expected to be of 2.7% for the Sylhet region and 6.52% for the rest of 

the Khulna regions. While the two other coastal regions, Chittagong and Dhaka will 

experience a loss of their total export amounts from those regions to other regions due to 

the spill-over impacts of crop productivity loss, it is also expected that the rest of the 

Chittagong and the Dhaka capital regions can also experience a negative loss for regional 

exports by -0.46% and -0.27%, respectively. When considering regional imports, it can 

be seen that all the non-coastal adjacent regions, such as both the rest of Khulna and the 

rest of Chittagong (ROC) will increase the number of total imports by 1.77% and 1.01%, 

respectively. However, the Dhaka capital region can still decrease the number of imports 

by -0.06% by 2050. For other non-coastal distant regions, depending on the possible 

changes in commodity prices by 2050, they will face either an increase or decrease of 

regional imports. For example, both the Rajshahi and Rangpur regions will experience a 

slightly positive increase in regional imports by 1.24% and 0.21% by 2050, whereas the 

rest of Dhaka (ROD) and Mymensingh regions will experience a decrease in regional 

imports by -0.24% and -0.41%, respectively. Therefore, on average, non-coastal regions 

are expected to improve their market shares by either increasing the number of regional 

exports or reducing the number of regional imports in the long run.  
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Figure 6.7: Regional exports and import shares due salinity intrusion induced 

agricultural loss by 2050 (% change from the base year) 
 

6.3.3 Land Inundation and Salinity Intrusion (Scenario S3) 

Scenario S3 was carried out to examine the economic impacts of the combined 

agricultural productivity loss due to both inundation and salinity intrusion effects. In 

general, the resulting impacts are expected to be highest compared to Scenario S1 and 

Scenario S2. However, the extent and direction of the macroeconomic and industry level 

impacts depend on the model parameters and their behaviours in the long run.  

6.3.3.1 National Macro Results  

In the highest impact scenario, the real GDP loss (-5.38%) is expected to be worse, 

as compared to land inundation and salinity intrusion scenarios (see Table 6.15). Other 

macro variables will expect similar directions in the long run, along with increased 

magnitudes. Overall, all of the macroeconomic projected impacts are expected to be 

worse compared to the results for Scenario S1 and Scenario S2. For the highest impacts, 

the real wage and the aggregate capital stocks are likely to be affected through adjusting 

the real wage and aggregated capital stock by 2050. Overall, the country’s price index 

will soar up by 5.04%, which will again affect the overall Bangladesh economy. 
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Table 6.15: National Macroeconomic Results Due to Land Inundation and Salinity 

Intrusion by 2050*  

National Macroeconomic Indicators 

S3 Scenario 

Real household consumption 
-5.38 

Real investment 
-4.37 

Real government expenditure 
0.00 

Real GDP 
-5.38 

Average real wage 
-9.34 

Aggregate capital stock 
-4.37 

Consumer price index 
5.04 

Exports volume  
2.53 

Imports volume 
2.83 

*% change from the base year  

 

6.3.3.2 National Industry Results  

Under the long run scenario of full employment and mobile capital, along with the 

significant contraction of agricultural industries, manufacturing and utilities are expected 

to contract significantly for the majority of the sectors. The overall directions of the 

industry results follow a similar direction but different magnitudes for Scenario 3, 

compared to Scenario 1 and Scenario 2. Manufacturing sectors, such as the textile and 

apparel industries can still contribute positively through an increase in total production 

by 2.93% and 5.32%, respectively in the long run. 
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Table 6.16: Deviations for National Industry Outputs, and Employment Due to 

Land Inundation and Salinity Intrusion by 2050* 

Sectors  
Output  Employment  

Paddy rice  -8.47 17.83 

Wheat -5.64 -8.84 

Grains -0.43 0.23 

Vegetables, fruits, and nuts -16.34 6.87 

Oilseeds -4.19 -3.04 

Sugar cane -8.24 -10.86 

Fibres -3.99 4.83 

Other crops -12.05 5.04 

Cattle products -0.63 13.03 

Wool 0.7 2.64 

Forest fish -7.73 -9.67 

Mining -0.66 -0.7 

Food manufacturing -11.49 -10.28 

Textile 2.93 4.16 

Wearing apparel 5.32 6.13 

Wood/leather -9.66 -8.87 

Other manufacturing 0.28 2.36 

Electric, gas, water -2 1.01 

Construction -4.44 -1.18 

Trade -3.23 -2.24 

Transports -2.91 -1.85 

Other services -1.47 0.14 

Insurance 1.74 3.11 

Public services -2.21 -1.63 

Dwellings -5.37 -2.33 

*% change from the base year 
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6.3.3.3 Regional Macro Results  

The combined effects of sea level rise inundation and salinity intrusion will have 

significant impacts on real GRP for all four coastal regions. As in the S1 and S2 scenarios, 

the Khulna region will experience the highest loss of real GRP (47.9%) followed by 

Barisal (34.38%), Chittagong (15.17%), and Dhaka (3.59%) regions. For other macro 

variables, all of the coastal regions will experience negative impacts on real household 

consumption and real investments in the long run.  

The combined scenario also represents similar directions but different magnitudes 

for aggregate employment and related real wage for coastal regions. Similar to Scenario 

S2, the Khulna region shows a marked decrease in capital stock in the long run due to the 

substantial loss in agricultural and other sector losses. The aggregate capital stock will 

also be negatively affected, by -2.29% to -40.92%, along with the real investment across 

all four coastal regions. The regional labour market will experience a decline in average 

real wage within the range of 8.54% to 32.78% across coastal regions for 2050. As can 

be expected, the Khulna region will experience aggregate employment of -24.9%, with a 

decline in real wage of -32.78%. For other coastal regions, the employment rate will vary 

from a slight increase of 0.84% in the Dhaka region to a decrease in employment of 24.9% 

in the Barisal region.  
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Table 6.17: Deviation of Macro-Economic Variables Due to Land Inundation and 

Salinity Intrusion for Coastal Regions by 2050* 

Key Macro Variables 
Khulna Barisal Chittagong Dhaka 

Real household consumption  -49.66 -23.7 -12 -2.69 

Real investment  -40.92 -18.05 -10 -2.29 

Real government expenditure 0 0 0 0 

Exports volume  13.22 2.72 5.04 1.39 

Imports volume -26.53 1.36 1.73 4.41 

Real GRP -47.9 -34.38 -15.17 -3.59 

Aggregate employment -24.9 -10.36 -4.01 0.84 

Average real wage -32.78 -19.03 -13.08 -8.54 

Aggregate capital stock -40.92 -18.05 -10 -2.29 

Consumer price index 15.05 12.55 6.43 4.21 

*% change from the base year  

 

In the case of non-coastal regions, real GRP is likely to increase for both the 

adjacent non-coastal regions and distant non-coastal regions. Distant non-coastal regions, 

such as Rajshahi Rangpur (Rangpur) and Dhaka capital (Dhaka C) are likely to experience 

an increase in real GRP by 2.16%, 2.47%, and 2.35%, respectively. While considering 

real household consumption and real investment among the non-coastal regions, the rest 

of the Khulna (ROK) region will experience a negative loss of -2.15% and -0.35%.   

 For household consumption, all non-coastal regions are likely to experience 

positive gain, with the exception of the rest of the Khulna region (ROK, -2.15%), and the 

Mymensingh region (-1.89%). However, few regions will also expect negative growth in 

real investment, such as RoK (-0.35%), RoC (-0.46%), Dhaka capital (-0.995), and Sylhet 

(-0.49%). Overall, exports and imports show a reasonable improvement in the long run. 

The consumer price index will also increase up to 6.89% in the Mymensingh region, even 

higher than the national price index of 5.04% in the long run. 
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Overall, labour employment will increase due to the greater absorption of labour 

towards non-coastal labour-intensive industries from coastal labour-intensive industries. 

The large surplus of labour will push down the real wage of the overall Bangladesh 

economy by 2050 (as can be seen from national macro results in Table 6.15) and also in 

non-coastal regions. 
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Table 6.18: Deviation of Macro-Economic Variables for Non-Coastal Regions Due to Land Inundation and Salinity Intrusion by 2050* 

Key Macro Variables 
RoK1 Rajshahi Rangpur Sylhet RoC2 DhakaC3 RoD4 Mymensingh 

Real household consumption -2.15 0.54 1.42 0.2 3.48 7.08 0.93 -1.89 

Real investment -0.35 1.52 2.43 -0.49 -0.46 -0.99 0.2 0.35 

Real government expenditure 0 0 0 0 0 0 0 0 

Exports volume 2.03 2.51 -1.19 1.37 4.25 3.05 0.61 -0.16 

Imports volume 4.23 5.62 7.29 5.9 6.16 4.04 4.57 6.83 

Real GRP 0.78 2.16 2.47 1.06 1.76 2.35 1.66 1.19 

Aggregate employment 1.12 2.49 2.93 2.31 3.96 5.77 2.68 1.26 

Average real wage -8.28 -6.99 -6.58 -7.16 -5.6 -3.91 -6.81 -8.15 

Aggregate capital stock -0.35 1.52 2.43 -0.49 -0.46 -0.99 0.2 0.35 

Consumer price index 5.71 5.2 5.18 3.63 1.12 -1.8 3.6 6.89 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka
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The labour market in all non-coastal regions can be expected to increase sectoral 

employment along with a decreasing real wage rate. The highest real wage losses are 

expected by the rest of the Khulna region (RoK) and Mymensingh by -8.28% and -8.15%, 

respectively. However, overall capital stocks are expected to change minimally in the 

long run. Among the non-coastal regions, compared to the non-coastal distant regions, all 

of the adjacent non-coastal regions will experience a decrease in aggregate capital stocks 

by 2050, with the exception of the RoD region. This can be expected due to the movement 

of capital towards the more profitable industries in non-coastal distant regions, including 

the Dhaka capital.   

6.3.3.4 Regional Coastal Industry Results  

Overall, the S3 scenario perfectly reflects the combined impacts on agricultural 

manufacturing and service sectors. As Scenario S3 reflects the combined loss impacts, 

overall worse impacts can be therefore be expected for crop sectors, as well as 

manufacturing and service sectors compared to Scenario S1 and Scenario S2. Figure 6.8 

and Figure 6.9 portray both agriculture and manufacturing and service sectoral production 

scenarios due to the combined impacts of land inundation and salinity intrusion by 2050. 

The combined effects of sea level rise will have substantial impacts on all crop 

production in coastal regions (see Figure 6.8). Paddy sector production will experience 

output loss for regions such as the Khulna, Barisal, and Chittagong regions by -79.1%, -

42.86%, and -37.68%, respectively. Farmers in the Khulna region, who will still be 

involved in producing wheat, grains, oilseeds, sugar cane, fibres, and other crops are 

expected to completely lose production in 2050 if no adaptation strategies, such as 

salinity-tolerant crops or land substation techniques are undertaken. For the Barisal and 

Chittagong regions, the highest production losses will be faced by the jute and fibre 

sectors, particularly due to the salinity effects in the long run. Other crop sectors, such as 
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oilseeds, sugar cane, vegetables, and other crops are expected to record lower to medium 

production losses. For example, the Barisal region is expected to decrease the production 

of grains, vegetables, sugar cane, and other crops by -94.1%, -75.77%, -80.41%, and -

57.27%, respectively. For the Chittagong regions, a similar extent of loss will be found 

for grains, vegetables, sugar cane, and other crops by -79.5%, -74.15%, -71.55%, and -

52.09%, respectively. A minimum output loss can be seen for wool production, by -4.49% 

and -8.25% for the Barisal and Chittagong regions in the long run. However, the Dhaka 

region will experience mixed results with a maximum 14.07% production increase for 

paddy rice and -42.07% production losses for jute and fibre production by 2050.  

 

Figure 6.8: Deviation of sectoral output for coastal agricultural sectors due to land 

inundation and salinity intrusion by 2050 (% change from the base year) 
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Figure 6.9: Deviation of sectoral output for coastal manufacturing and service 

sectors due to land inundation and salinity intrusion by 2050 (% change from the 

base year) 

 

Similar to Scenario S1 and S2, while analysing the manufacturing impacts, with the 

exception of the output for textile and manufacturing industries, all other coastal 

manufacturing sectors are expected to lose output in the long run. For example, the 

highest loss for the food products industry output is expected to be experienced by the 

Khulna region, followed by the Barisal, Chittagong, and Dhaka regions by -38.45%, -

24.13%, and -6.18%, respectively.  

For the textile and wearing apparel industries, mixed impacts can be seen for all coastal 

regions. For the Khulna region, textile and wearing apparel outputs are expected to 

increase by 10.8% and 20.16%, respectively, by 2050. Similar expansion patterns can be 

found for the labour-intensive textile and wearing apparel industries, where positive 

outputs can be expected for all regions due to the greater available factor of production 
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from other contracting sectors by 2050. For the Chittagong region, both the textile and 

apparel industries will expand by 4.84% and 8.03%, respectively. Similarly, the Dhaka 

region is likely to experience a slight increase in production for textiles in the long run. 

However, production in the Barisal region is expected to contract for textile production 

but expand for the wearing apparel industry by -2.85% and 7.96%, respectively, by 2050. 

The key reasons behind the expansions are the likely movement of labour and capital 

from contracting agriculture to other sectors, including textile and apparel industries. As 

both the agriculture and textile industries are labour intensive industries, a greater increase 

in production of textile industries could therefore be explained by absorbing more labour 

from the contracting agricultural sectors in the coastal regions in the long -run. Other 

manufacturing sectors are also likely to follow a similar output pattern across the coastal 

regions in the long run. A large output contraction is expected for the wood and leather 

industries across the coastal regions within the ranges of output loss by -5.89% to -

43.66%, respectively.  

All of the service sectors are expected to contract due to the long run effects of sea 

level rise. Construction, trade, transport, and other services show a marked contraction of 

outputs in the long run across all coastal regions. Even Dhaka regions are expected to 

contract service sector businesses due to an overall decline of service sector demand from 

other sectors in the economy.  

6.3.3.5 Regional Non-Coastal Industry Results  

As in the S1 and S2 scenarios, many of the crop sectors, such as paddy, vegetables, 

other crops, wool, and fibres are likely to experience a positive increase in crop outputs 

across non-coastal regions (see Table 6.19). Paddy production is likely to increase for 

both the adjacent and distant non-coastal regions of Bangladesh. The highest paddy 

production will increase in some parts of the capital city regions or DhakaC regions, and 

also other regions, such as RoC, RoD and RoK within the ranges of 16.29% to 17.64%. 
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The extent of the output increment for other crop sectors is expected to be lower compared 

to the paddy crop sectors, as paddy attracts more labour than other sectors. The similar 

positive expansion will be found in other crop sectors such as vegetables, oilseeds, fibres, 

and other crops by 2050. Similar reasons will be applicable for explaining the reasons for 

the expansion of agricultural sectors across non-coastal regions. The positive increment 

of outputs is possibly due to the lower cost of production and greater absorption of labour 

and capital released from the industries of coastal regions.  

In addition, mixed results can be seen for crops such as grains, oilseeds, sugar cane, 

and wheat. For wheat production, overall production is expected to decrease within the 

ranges of -1.85% to -5.9% by 2050. Finally, it can be seen that the majority of the crop 

sectors (more importantly “paddy”) in non-coastal regions are expected to expand due to 

sea level rise in the long run.  
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Table 6.19: Deviation of Sectoral Output for Non-Coastal Agricultural Sectors Due to Land Inundation and Salinity Intrusion by 2050* 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka

Sectors   RoK1 Rajshahi  Rangpur Sylhet RoC2 DhakaC3 RoD4 Mymensingh 

Paddy rice 16.99 14.99 14.04 16.13 17.03 17.64 16.29 15.8 

Wheat -5.9 -3.55 -2.64 -2.45 -1.85 -2.13 -4.28 -4.38 

Grains -0.58 1.18 1.13 1.38 1.92 1.97 1.57 0.96 

Vegetables, fruits, and nuts 8.59 5.9 5.08 7.97 10.57 10.69 8.15 8.13 

Oilseeds 5.24 3.44 4.34 4.61 4.12 4.35 4 2.94 

Sugar cane -5.89 -4.74 -3.95 -3.51 -3.08 -2.98 -3.93 -4.87 

Fibres 6.7 6.38 6.27 7.07 7.46 7.27 7.09 6.34 

Other crops 8 7.07 7.68 9.18 9.82 10.42 8.74 7.87 

Cattle products 15.04 12.49 12.57 13.61 14.01 14.25 13.01 12.92 

Wool 3.42 3.63 4.05 3.31 3.29 2.45 3.22 3.36 

Forest fish -7.45 -7 -6.59 -5.38 -4.59 -6.25 -6.5 -6.75 
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Mixed results can also be seen when comparing the manufacturing industry results 

for the S3 scenario to the S1 and S2 scenarios for non-coastal regions.  

For agriculturally dependent sectors, the food manufacturing sectors will expand 

production across non-coastal adjacent and non-coastal distant regions within the ranges 

of 1.23% to 8.79% by 2050.  However, only the Sylhet region and Mymensingh region 

will contract slightly, with an output loss of -0.49% by -1.66%, respectively.  

For labour-intensive textile and wearing apparel industries, all of the regions are 

expected to expand production due to the availability of more resources in the long run. 

Compared to other regions, non-coastal adjacent RoC and DhakaC regions are likely to 

experience output gains for the textile industry of 3.92% and 3.67%, respectively. 

Wearing apparel industries are also expected to expand similar to the textile industry 

across all non-coastal regions.  

Similar explanations regarding output contraction are applicable to any of the 

industries that do not depend on agricultural commodities. For example, industries such 

as wood and leather products show contraction within the ranges of -2.5% to -6.27%, with 

the exception of a slight expansion by the Dhaka region of 1.59%. Similarly, the mining 

industry is also expected to be negatively affected by 2050 due to sea level rise.  

The majority of the service sectors in non-coastal regions will not benefit due to 

agricultural production loss due to sea level rise. With the exception of the country’s 

capital city and some non-coastal Chittagong (RoC) regions, the majority of the regions 

will experience the value-added loss in the service sectors by 2050. The highest loss for 

construction industries will be experienced by non-coastal adjacent regions, such as the 

rest of Khulna (-4.85%), followed by the non-coastal distant region of Mymensingh (-
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4.15%). The key reasons behind the contraction of service are the likely reduced demand 

from both agriculture and manufacturing sectors in the long run. 
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Table 6.20: Deviation of Sectoral Output for Non-Coastal Manufacturing and Service Sectors Due to Land Inundation and Salinity Intrusion by 2050* 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka

Sectors  RoK1 Rajshahi  Rangpur Sylhet RoC2 DhakaC3 RoD4 Mymensingh 

Mining -0.93 -1 -1.03 -0.68 -0.4 -0.19 -0.59 -0.99 

Food manufacturing 1.34 1.23 3.16 -0.49 3.55 8.79 2.48 -1.66 

Textile 2.96 1.48 0.6 2.66 3.92 3.67 0.46 0.79 

Wearing apparel 5.1 3.98 3.48 5.49 6.37 7.64 4.58 3.71 

Wood/leather -6.27 -3.44 -3.42 -4.04 -3.12 1.59 -2.5 -6.78 

Other manufacturing 0.11 1.93 2.26 2.17 3.21 3.32 2.35 1.07 

Electric, gas, water -3.61 -0.65 -0.29 -0.5 0.73 2.15 -0.96 -2.66 

Construction -4.85 -2.6 -0.62 -2.88 -4.4 -3.28 -3.09 -4.15 

Trade -4.01 -0.76 -0.46 -2.52 -2.56 4.49 -0.75 -4.46 

Transports -3.61 -0.24 0.7 0.13 1.29 5.65 0.11 -3.84 

Other services -5.49 -1.33 -0.48 -1.46 -0.39 5.4 -1.24 -5.6 

Insurance -7.39 -0.85 0.34 -0.6 1.54 5.71 -2.9 -6.77 

Public services -2.18 1.16 1.89 1.52 3.81 7.35 1.56 -1.68 

Dwellings -2.98 1.6 2.8 0.7 3.6 7.8 1.8 -1.37 
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6.3.3.6 Regional Exports and Imports 

While considering the market shares by examining the regional exports and imports 

due to the combined impacts, all four regions will lower their exports from other regions. 

For example, the Barisal and Dhaka regions will experience the highest loss and lowest 

regional exports of -22.27% and -0.49%, respectively. As the S3 scenario is a combination 

of both salinity and inundation scenarios, the impacts will also be seen as a combination 

of both S1 and S2 scenarios. For example, as the Khulna region will face a regional export 

loss of -2.81% for the S1 scenario, and will export positively by 2.11% for the S2 

scenario, the negative exports loss will be -4.3% in the case of the combined S3 scenario. 

For the Barisal region, the regional exports will decline by -3.83% and -20.16% for both 

S1 and S2 scenarios, whereas the loss will be -22.27% for the S3 scenario. When 

considering the regional imports, it can be seen that the regional imports of the coastal 

regions will face a similar direction to the S2 scenario. As the S1 scenario represents the 

minimal effects of sea level rise induced crop productivity loss for coastal regions, it will 

not have much impact on the regional imports, nor will it affect the region’s self-

independency (regions do not have to import much from other regions, thus, the imports 

will be lower by 2050). However, salinity intrusion will have many impacts on the 

country’s overall production pattern, including both agriculture and manufacturing; thus, 

it will also have indirect impacts on regional shares by increasing the overall imports 

percentage of coastal regions from other coastal or non-coastal regions. Thus, in the case 

of the S3 scenario, the Khulna and Chittagong regions will increase their regional imports 

by 11.08% and 1.62%; whereas the Barisal and Dhaka regions will reduce their imports 

by -5.22% and -0.44%, respectively. Therefore, among the coastal regions, the Barisal 

region will be significantly affected by greatly decreasing exports and imports. Finally, 

the Barisal region is expected to deteriorate the market shares in the long run compared 

to other coastal regions.  
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In contrast, all of the non-coastal regions will experience a positive improvement 

in regional exports, with the exception of the ROC and Dhaka capital regions. Both of 

these regions are likely to reduce their exports to other regions by -0.09% and 0.08% in 

the S1 scenario, -0.46% and -0.57% in the S2 scenario, and -0.25% and -0.6% in the S3 

scenario, respectively. For other regions, the highest exports for the S3 scenario are likely 

to be .91%, 5.9%, and 5.87%, for the ROK, Mymensingh and Rajshahi regions 

respectively. In the case of imports, regions such as Rangpur, Sylhet, Dhaka capital, the 

rest of Dhaka (RoD), and Mymensingh are expected to reduce their imports by -0.94%, -

1.99%, -0.21%, -0.84%, and -1.4%, respectively. However, other regions, such as 

Rajshahi, the rest of Khulna (ROK), and ROC, might have to import more by 0.28%, 

0.66%, and 0.56%, respectively. Overall, it can be seen that those regions that can 

increase their exports and can reduce their imports by 2050 will be the winning regions 

when considering the regional shares. 

Overall, coastal regions are likely to lose their market shares, and all coastal regions 

will decrease their exports and will either increase or even decrease their imports by 2050. 

For non-coastal regions, four regions, such as the overall Rangpur division/region, overall 

Sylhet division, the rest of the Dhaka division, some parts of the Dhaka division, and 

Mymensingh division will improve their market shares for the S3 scenario by increasing 

their exports while reducing imports in the long run.  
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Figure 6.10: Deviation of the regional export and import shares due to both sea 

level rise land inundation and salinity intrusion by 2050 (% change from the base 

year) 
 

6.3.4 Results Across Scenario S1, Scenario S2, and Scenario S3 

This section describes other key macroeconomic indicators across the regions. 

Regional employment and the regional nominal price are discussed in the following tables 

for Scenarios S1, S2, and S3.  

6.3.4.1 Factor Market Effects: Employment Across Regions  

Employment is one of the most important components, resulting from any changes 
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Table 6.21: Projections of Employment in Sectoral Level for Coastal and Non-coastal Regions for Scenario S1 by 2050* 

Industries  

Khulna  RoK1 Rajshahi  Rangpur Sylhet Barisal Chittagong RoC2 Dhaka DhakaC3 RoD4 Mymensingh 

Paddy rice -1.63 4.05 3.75 3.45 3.88 -1.38 -2.13 4.21 3.95 4.4 3.98 3.94 

Wheat -12.44 -1.23 -0.93 -0.79 -0.87 -5.8 -10.54 -0.77 -1.03 -0.8 -1 -1.15 

Grains -6.18 0.36 0.61 0.53 0.63 -3.5 -5.75 0.7 0.54 0.74 0.68 0.57 

Vegetables, fruits, and nuts -1.74 0.78 0.48 0.39 0.96 -0.64 -1.07 1.47 1.37 1.63 0.94 0.78 

Oilseeds -8.67 -0.64 -0.54 -0.31 -0.45 -5.56 -8.91 -0.37 -0.5 -0.45 -0.49 -0.72 

Sugar cane -7.94 -1.45 -1.36 -1.28 -1.23 -5.06 -7.34 -1.18 -1.19 -1.13 -1.27 -1.45 

Fibres -6.15 0.96 0.96 0.92 1.06 -3.32 -5.85 1.16 1.02 1.11 1.07 0.92 

Other crops -4.28 1.23 1.17 1.46 1.87 -1.94 -3.57 1.99 1.67 2.11 1.56 1.31 

Cattle products -5.71 4.34 3.46 3.41 4.21 -2.67 -3.63 4.48 4.24 4.42 3.83 3.84 

Wool -13.4 1.21 1.21 1.3 1.12 -8.15 -12.82 1.16 1.07 0.95 1.09 1.1 

Forest fish -0.91 -0.98 -0.95 -0.93 -0.79 -1.08 -0.96 -0.67 -0.86 -0.77 -0.87 -0.98 

Mining 0.14 -0.14 -0.16 -0.18 -0.11 0.08 0.02 -0.06 -0.08 -0.01 -0.11 -0.17 

Food manufacturing -4.85 -1.06 -0.7 -0.26 -0.51 -4.48 -4.88 0.23 -0.18 0.12 -0.26 -1.19 

Textile 0.77 0.24 0.17 0 0.31 0.84 1.03 0.51 0.15 0.55 0.07 0.05 

Wearing apparel 1.63 0.47 0.4 0.29 0.6 1.32 1.36 0.77 0.57 0.95 0.48 0.32 

Wood/leather -3.09 -1.17 -0.7 -0.66 -0.84 -2.28 -3.97 -0.68 -1.05 0.07 -0.56 -1.21 

Other manufacturing 0.45 0.03 0.1 0.09 0.22 0.37 0.26 0.43 0.29 0.53 0.22 -0.05 

Electric, gas, water 0.2 -0.29 -0.17 -0.19 -0.04 0.02 -0.14 0.22 -0.04 0.46 -0.06 -0.4 

Construction -0.16 -0.52 -0.41 -0.29 -0.27 -0.5 -0.42 -0.33 -0.47 0.01 -0.31 -0.68 

Trade -0.28 -0.37 -0.17 -0.14 -0.25 -0.45 -0.48 -0.21 -0.11 0.56 -0.09 -0.56 

Transports -0.84 -0.45 -0.25 -0.14 -0.15 -0.52 -1 0.07 -0.13 0.56 -0.12 -0.61 

Other services -0.09 -0.57 -0.32 -0.28 -0.26 -0.59 -0.34 -0.09 -0.28 0.63 -0.22 -0.79 

Insurance 0.59 -0.65 -0.24 -0.17 -0.17 -0.02 0.06 0.12 -0.18 0.67 -0.33 -0.85 

Public services -0.85 -0.36 -0.16 -0.08 -0.05 -1.39 -1.01 0.22 -0.1 0.66 -0.03 -0.45 

Dwellings -1.14 -0.49 -0.26 -0.15 -0.09 -2.01 -1.38 0.34 -0.03 1.02 0.01 -0.63 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka
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In general, the effects of employment are expected to change, along with the output changes of 

each individual industry across coastal and non-coastal regions. In contrast, it is also possible for a 

firm to expand output without hiring more labour. The firm can also expand output by hiring capital 

in the long run. According to the tables, it can be expected that employment is expected to decrease 

for agricultural sectors across the majority of the coastal regions. The key reason for the great 

employment decrease, particularly for Scenario 3 (Table 6.23), is the huge contraction of the crop 

loss for those sectors. Therefore, industries that are expected to completely lose their production due 

to the massive salinity threat are also expected to reduce the demand for overall employment, and 

vice versa. More importantly, coastal regions, such as Barisal and Chittagong, will increase 

employment for some crop sectors in the long run. Moreover, the majority of the non-coastal adjacent 

and non-coastal distant regions show positive employment for producing paddy, grains, vegetables, 

fibres, other crops, and wool production in the long run. 



233 

 

Table 6.22: Projections of Employment in Sectoral Level for Coastal and Non-Coastal Regions for Scenario S2 in 2050* 

Industries  

Khulna  RoK1 Rajshahi  Rangpur Sylhet Barisal Chittagong RoC2 Dhaka DhakaC3 RoD4 Mymensingh 

Paddy rice -109.71 31.96 27.64 25.92 30.7 8.81 8.9 32.77 39.34 33.88 30.86 29.42 

Wheat -195.41 -9.89 -5.93 -4.49 -3.7 -7.64 -6.05 -2.57 -11.84 -3.1 -7.01 -7.15 

Grains -104.35 -5.28 0.16 0.3 0.63 -73.68 -50.78 2.19 -4.97 2.13 1.09 -0.41 

Vegetables, fruits, and nuts -87.19 16.53 11.14 9.47 15.3 -7.72 -7.25 20.54 15.61 20.85 15.61 15.44 

Oilseeds -200.88 14.06 9.67 11.49 12.84 13.57 13.62 11.68 14.28 12.18 11.39 9.04 

Sugar cane -84.6 -3.19 -2.04 -1.24 0.33 -42.08 -35.08 0.99 -6.18 1.33 -0.57 -2.08 

Fibres -40.15 12.4 11.58 11.32 13.18 -58.34 -60.16 13.99 -20.62 13.71 13.14 11.56 

Other crops -70.5 16.65 13.97 14.7 17.93 -13.97 -11.12 19.35 19.54 20.85 17.5 15.65 

Cattle products -65.25 33.18 26.61 26.67 28.6 -13.78 -1.83 29.25 24.68 30.64 27.68 27.35 

Wool -40.47 5.12 5.79 6.66 5.28 4.13 4.8 5.26 4.44 3.84 5.09 5.27 

Forest fish -15.39 -10.19 -9.74 -9.28 -7.13 -12.34 -8.39 -5.97 -9.01 -8.21 -8.83 -9.32 

Mining 4.7 -1.28 -1.53 -1.62 -0.79 -0.01 0.09 -0.31 -0.2 0.13 -0.72 -1.53 

Food manufacturing -137.82 3.92 2.36 3.22 1.61 -31.25 -16.23 5.84 -3.88 12.88 4.3 -0.69 

Textile 23.48 3.24 1 -0.04 3.13 -1.32 6.14 4.6 1.96 4.84 0.79 0.34 

Wearing apparel 37.46 5.45 3.54 2.79 6.22 10.9 10.34 7.47 7 9.39 5.04 3.1 

Wood/leather -47.14 -6.54 -3.74 -4.01 -3.63 -14.05 -14 -2.51 -5.55 2.59 -2.33 -7.11 

Other manufacturing -6.28 0.32 1.69 1.62 3.3 1.87 3.94 4.79 4.09 5.72 3.15 0.61 

Electric, gas, water -5.38 -3.44 -0.84 -0.85 0.86 -2.64 0.25 2.54 0.17 4.9 -0.09 -3.19 

Construction -2.94 -4.15 -2.75 -1.32 -0.97 -7.79 -2.21 -1.63 -4.29 0.63 -1.66 -4.68 

Trade -20.8 -4.03 -0.72 -0.69 -1.98 -9.8 -3.5 -1.84 -2.8 5.48 -0.39 -4.51 

Transports -32.16 -3.23 0.18 0.82 1.15 -10.36 -3.98 2.39 -1.14 6.95 0.83 -3.52 

Other services -8.5 -5.34 -1.23 -0.66 -0.4 -8.9 -0.92 0.95 -1.47 7.06 -0.55 -5.55 

Insurance 7.9 -7.53 -0.88 0.06 0.31 -5.7 1.51 2.66 -0.71 7.1 -2.45 -6.85 

Public services -28.34 -1.77 1.71 2.21 2.35 -13.38 -3.45 4.69 -0.78 8.19 2.18 -1.15 

Dwellings -46.34 -1.9 2.19 2.59 3.2 -20.49 -4.93 6.92 0.12 12.16 3.73 -1.26 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka
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Most of the manufacturing industries whose production depends on agricultural commodities 

will decrease employment. For example, the food product manufacturing industry shows decreased 

employment by coastal regions, but increased employment in non-coastal regions. The labour-

intensive textile and wearing apparel industries show expanded industries while employing more 

labour in both coastal and non-coastal regions. Import-substituting manufacturing industries that do 

not depend on agricultural commodities will be negatively affected and experience a reduction in 

employment across the regions in the long run.  

When considering service sector employment, it can be seen that overall employment in those 

sectors will decrease across coastal and non-coastal regions. Some service sectors show positive 

employment across non-coastal regions. For example, transport, insurance services, and public 

services that do not depend on agricultural sectors show positive employment, particularly for capital 

cities such as Dhaka and Chittagong in the long run.  
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Table 6.23: Projections of Employment in Sectoral Level for Coastal and Non-coastal Regions for Scenario S3 by 2050* 

Industries                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

Khulna  RoK1 Rajshahi  Rangpur Sylhet Barisal Chittagong RoC2 Dhaka DhakaC3 RoD4 Mymensingh 

Paddy rice  -93.45 34.31 29.87 27.86 32.74 6.12 5.71 34.95 40.65 36.25 33 31.65 

Wheat -122.44 -9.94 -6.15 -4.65 -4.16 -13.65 -17.36 -3.07 -11.4 -3.46 -7.25 -7.56 

Grains -40.9 -1.25 2.06 1.95 2.56 -80.57 -63.25 3.65 -2.71 3.83 2.9 1.6 

Vegetables, fruits, and nuts -83.06 16.71 11.15 9.48 15.48 -8.81 -9.12 21.05 15.93 21.19 15.82 15.63 

Oilseeds -109.57 8.03 5.28 6.85 7.25 1.89 -1.08 6.72 8.6 7.28 6.37 4.23 

Sugar cane -37.01 -10.05 -8.25 -7 -6.11 -70.3 -60.39 -5.32 -13.06 -5.06 -6.83 -8.53 

Fibres -43.93 12.53 11.82 11.57 13.32 -59.79 -62.64 14.15 -20.53 13.9 13.32 11.72 

Other crops -56.52 15.37 13.43 14.61 17.87 -17.85 -16.67 19.33 18.05 20.65 16.98 15.02 

Cattle products -79.38 29.65 24.29 24.44 27.03 -24.39 -10.65 28.02 22.01 28.56 25.62 25.21 

Wool -46.9 6.36 6.68 7.46 6.21 -4.32 -8.77 6.25 5.86 4.74 6.02 6.12 

Forest fish -14.58 -10.18 -9.7 -9.22 -7.28 -12.69 -8.78 -6.09 -8.97 -8.13 -8.83 -9.46 

Mining 3.92 -1.29 -1.48 -1.58 -0.81 0.2 0.16 -0.31 -0.23 0.14 -0.72 -1.53 

Food manufacturing -128.72 1.68 1.02 2.6 0.63 -35.01 -20.69 5.34 -4.53 11.64 3.35 -2.31 

Textile 18.65 3.13 1.36 0.32 3.22 -0.58 6.92 4.8 1.92 5.02 0.88 0.46 

Wearing apparel 32.42 5.35 3.8 3.07 6.32 11.56 11.16 7.68 7.05 9.66 5.21 3.22 

Wood/leather -39.13 -6.15 -3.53 -3.63 -3.63 -15.06 -17.25 -2.48 -5.27 2.6 -2.18 -7.02 

Other manufacturing -4.21 0.41 1.72 1.74 3.2 2.12 3.85 4.82 4.05 5.8 3.13 0.46 

Electric, gas, water -4.46 -3.28 -0.89 -0.87 0.66 -2.38 -0.06 2.54 0.24 4.97 -0.08 -3.33 

Construction -4.07 -4.38 -2.93 -1.43 -1.28 -7.82 -2.6 -1.92 -4.38 0.56 -1.87 -5.08 

Trade -16.57 -3.87 -0.86 -0.69 -2.06 -9.53 -3.81 -1.85 -2.57 5.63 -0.4 -4.73 

Transport -27.02 -3.47 -0.33 0.47 0.6 -10.32 -5.33 2.03 -1.35 6.81 0.47 -4.11 

Other services -7.74 -5.29 -1.47 -0.82 -0.78 -9.09 -1.39 0.67 -1.54 7.09 -0.73 -5.99 

Insurance 6.82 -7.21 -0.98 0.03 0.01 -5.21 1.4 2.51 -0.68 7.24 -2.44 -7.12 

Public services -25.17 -2.09 1.1 1.74 1.8 -14.81 -4.86 4.25 -0.97 8.04 1.77 -1.84 

Dwellings -39.68 -2.49 1.27 1.96 2.38 -22.76 -6.98 6.27 -0.26 12.02 3.1 -2.34 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka
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Finally, changes in employment follow along with changes in the output of an 

industry across regions. Therefore, similar explanations that are also applicable for the 

output increase or decrease for any industries across regions are also applied to the 

employment changes by 2050. The reasons behind the employment changes are the 

effects of cheaper inputs for higher production industries. In the long run, when the 

agricultural sectors are expected to contract, demand for labour then falls more than the 

capital. These results occur as industries substitute capital for labour input, given that the 

price of capital becomes cheaper relative to wages. Similarly, the employment effects 

indicate that labour moves from contracting agricultural industries to expanding 

manufacturing and service industries in the long run. Either a positive or a negative 

change in employment in each industry is the net effect of the impact of all of these 

reasons. 

6.3.4.2 Regional Growth and Welfare 

Table 6.24 provides the GRPs and real household consumption for Scenarios S1, 

S2, and S3 by 2050. Real regional product and real household consumption play 

important roles when considering the long run of the macroeconomic indicators. While 

the regional product can be considered a measure for regional growth, real household 

consumption can also be considered a measurement for regional welfare for both coastal 

and non-coastal regions of Bangladesh. 

According to Table 6.24, both real GRP and real household consumption are likely 

to be negatively affected for coastal regions and positively affected for non-coastal 

regions for all three scenarios. It is also expected that the extent of these impacts is likely 

to be greater for sea level rise, including land inundation and salinity intrusion on crop 

productivity loss for scenario S3 compared to the impacts of salinity intrusion on crop 

productivity for scenario S2. With the exception of the Khulna region, other coastal 

regions are likely to face the expected extent of losses by 2050. For the Khulna region, 
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both real GRP and real household consumption are likely to decrease less by -47.9% and 

-49.66% for scenario S3, compared to -49.89% and -56.03% for scenario S2. These 

exceptional results can be explained through the backward and forward linkages among 

the agricultural and manufacturing sectors, even within the Khulna region. Though all of 

the agricultural sectors are likely to decrease sectoral output production due to crop 

productivity loss, the extent of the loss may vary, even within regions. Therefore, in 

addition to the direct effect, other industries in Khulna region, related to agriculture 

industries are likely to experience backwards and forward linkages in the long run. For 

example, the inputs that are released by the paddy sector in the Khulna regions can be 

absorbed by the other agriculture sectors (for example, wheat and vegetables), and 

manufacturing sectors. Therefore, it is also possible that the GRP and household 

consumption are likely to decrease to a lower extent for scenario S3 compared to scenario 

S2, even if the crop sectors face a greater extent of crop productivity loss due to the 

combined impacts of land inundation and salinity intrusion in the long run. 
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Table 6.24: Comparisons of Real GRP and Real Household Consumption Across Scenarios S1, S2, S3 by 2050* 

Regions  

Scenario S1 Scenario S2 Scenario S3 

Real GRP Real Household 

Consumption 

Real GRP Real Household 

Consumption 

Real GRP  Real Household Consumption 

Khulna -3.16  -2.16 -49.89 -56.03 -47.9 -49.66 

RoK1 -0.05 -0.52 1.00 -1.44 0.78 -2.15 

Rajshahi 0.05 -0.33 2.53 1.54 2.16 0.54 

Rangpur 0.14 -0.18 2.68 2.17 2.47 1.42 

Sylhet 0 -0.28 1.29 0.99 1.06 0.2 

Barisal -4.31 -2.66 -31.46 -21.31 -34.38 -23.7 

Chittagong -2.73 -2.19 -12.83 -9.64 -15.17 -12 

RoC2 0.1 0.12 1.93 4.09 1.76 3.48 

Dhaka 0.01 -0.22 -3.44 -2.24 -3.59 -2.69 

DhakaC3 0.19 0.53 2.43 7.44 2.35 7.08 

RoD4 0.07 -0.17 1.85 1.57 1.66 0.93 

Mymensingh -0.06 -0.57 1.56 -0.91 1.19 -1.89 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka
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For non-coastal regions household consumption, the rest of the Khulna and 

Mymensingh regions are expected to face a minimal decrease in household consumption 

by 2050. The key reasons behind this could be the net spill-over impacts from coastal to 

non-coastal regions. However, all of the other non-coastal regions are likely to face 

positive increments of household consumption. The key reasons will be positive 

employment in agriculture sectors in non-coastal regions, in addition to the employment 

opportunities from the expanded labour-intensive industries, such as textile and wearing 

apparels. As expected, households in Dhaka capital city are likely to increase their 

consumption by 7.08%, which is the highest compared to other non-coastal regions in 

Bangladesh. Finally, among the non-coastal regions, Dhaka capital city, the rest of 

Chittagong, Rangpur, Rajshahi, Sylhet, and the rest of Dhaka are likely to gain in terms 

of positive household consumption, whereas Mymensingh and the rest of Khulna are 

likely to lose by having reduced household consumption by 2050.  

6.4 SUMMARY 

This chapter presented the key results of the BD-TERM modelling exercise of the 

study. The results were obtained through three sea level rise related crop productivity loss 

simulations: land inundation (Scenario S1), salinity intrusion (Scenario S2), and a 

combined land inundation and salinity intrusion scenario (Scenario S3). According to the 

results, land inundation and salinity intrusion are expected to substantially reduce crop 

production in coastal regions and are likely to have negative impacts on the overall 

economy. The negative impacts on the coastal regions will spread to sectors beyond the 

agricultural industries, such as manufacturing and services sectors of the economy. As 

Bangladeshi manufacturing and service sectors are closely related to agricultural sectors, 

any impacts on the agricultural sectors are likely to have spill-over impacts on the other 

sectors, as well as the overall economy.  
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According to the macroeconomic national results, overall, the Bangladesh national 

economy will face a negative outlook in terms of the macroeconomic indicators, such as 

real GDP, real household consumption, and real investment across all three sea level rise 

scenarios. Overall, negative national productions are expected by 2050 with increasing 

price levels, particularly for agricultural commodities, implying households are not likely 

to benefit from increasing price levels. Long-term national real wages are likely to 

decrease due to an overall surplus of labour while assuming full employment in the labour 

market. In the capital market, overall capital stocks are likely to reduce by 2050 due to 

increasing sea level.  

While considering the regional macro results, though real GRP is expected fall in 

all regions in the long run, non-coastal regions are expected to face mixed macroeconomic 

results, with the majority of regions likely to improve the real GRP by 2050. In the case 

of factor markets, real wages are expected to decrease for both coastal and non-coastal 

regions, with an overall reduction in employment in coastal regions and positive 

employment in non-coastal regions.  

Overall, coastal regions are expected to be negatively affected directly and 

indirectly by 2050. The direct effects include overall crop production loss, as well as the 

agricultural sector contraction of the coastal economy. The indirect spill-over effects 

indicate a manufacturing and service sectors loss, which will indirectly affect livelihood, 

as well as the overall coastal economy. Moreover, coastal regions are also expected to 

experience worse regional market shares in terms of decreases in regional exports in the 

long run. For non-coastal regions, the overall majority of the regions are expected to gain 

in terms of expanding industry production by employing more resources by 2050. For a 

few agricultural industries (such as paddy, vegetables, other crops), non-coastal adjacent 

regions will show more expansion in terms of sectoral outputs compared to the non-

coastal distant regions by 2050. For manufacturing industries, mixed expansion results 
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are expected for non-coastal adjacent and non-coastal distant regions, particularly for 

labour-intensive manufacturing industries. In terms of regional market shares, the 

majority of the non-coastal distant regions, such as Rangpur, Sylhet, the rest of Dhaka, 

and Mymensingh regions will show improved market shares by increasing exports and 

reducing imports in the long run. 

When considering the industry level results, overall, the agricultural sectors are 

expected to contract in the majority of the regions in Bangladesh due to crop productivity 

loss in the long run. In terms of manufacturing sectors, the winning industries will be the 

labour-intensive industries, such as textile and wearing apparel industries, which are 

likely to expand their sectoral production by utilising more labour and capital sourced 

from the contracting agricultural sectors. Import-substituting industries are also expected 

to lose due to the competition from cheaper imports, as explained in earlier sections. 

Overall, all of the service sectors related to agricultural sectors are also expected to 

contract in the long run. The employment patterns of each industry will vary, along with 

the output changes by every industry in the long run.  

The results in this chapter predict that salinity intrusion is an ongoing threat to 

coastal agriculture and the overall threats are likely to greatly increase in the long term. 

The overall impacts of sea level rise will have significant negative impacts on the overall 

Bangladeshi economy. The Bangladeshi Government should pay more attention to 

implementing climate change adaptation strategies, as well as improving work 

opportunities for rural coastal farmers to small and medium industries.
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Chapter 7: Occupational Diversification: An 

Emergent Adaptation Strategy for 

Coastal Farmers in Bangladesh 

7.1 INTRODUCTION 

This chapter addresses the third research question, by identifying the determinants 

behind occupation diversification and examining the impacts of diversification on the 

household heads’ income. Though Chapter 5 and Chapter 6 analysed the potential costs 

of climate change and sea level rise for Bangladesh, it is also important to identify the 

vital stratagem required to combat current climate variability and potential climate 

impacts. It is also recognised that adaptation strategies are more appropriate than 

mitigation strategies for resource poor farmers, particularly in a developing country like 

Bangladesh. Moreover, climate change research recognises the importance of adaptation 

for Bangladesh, as mentioned in Chapter 1, and diversification of income sources is an 

important form of adaptation, particularly for poor landowners of small pieces of land 

and marginalised farmers. Thus, the key purpose of this chapter is identifying the 

determinants factors behind occupation diversification by coastal farming households and 

the impacts of diversification on farmer’s livelihood.  

Two key econometric techniques were used to evaluate occupation diversification 

as part of the adaptation strategies for the empirical analysis in this chapter. This analysis 

has been categorised into three indices: Adapt_IndexP, Adapt_Index1, and Adapt_Index2 

based on the patterns of occupation diversification by Bangladesh coastal farmers. 

Multinomial logit model (MNL) and average treatment effects were applied as part of the 

augmented inverse probability weighting (AIPW) estimation method, developed by 

Robins, Rotnitzky, and Zhao (1994), in order to identify the determinants behind the 
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diversification and to analyse the impacts of occupation diversification on the primary 

income of coastal farmers.  

The organisation of the rest of this chapter is as follows. The overall discussions of 

this chapter are divided into two parts. Section 7.2 describes the empirical methods of this 

analysis, including details of the survey methods, and description of the variables and 

econometric models. Section 7.3 presents the study results based on the econometric 

models. Section 7.4 provides a summary of the results.  

7.2. EMPIRICAL METHODOLOGY  

A cross-sectional field survey was conducted across low, medium, and high saline 

locations to analyse occupation diversification as part of an adaptation strategy and to 

answer the third research question of the thesis. A cross-sectional multistage purposive 

sampling technique was developed for this survey to answer the research questions. The 

questionnaire was designed in order to record the information in a standardised format by 

using both open and closed-ended questions. The questionnaire was first prepared in 

English and then translated into Bengali (and the local dialect) to gain effective results 

from the survey and to better understand the local residents in coastal areas. There was a 

pre-survey session, where the same questions were asked to properly identify the target 

group of farmers. The survey was used to assemble their demographic, socio-economic 

profiles25, and adaptation measures. A total of 141 households with 70 household heads 

from Khulna and 71 household heads from Patuakhali districts were selected randomly 

and interviewed between December 2015 and January 2016. Household heads whose 

primary occupation was farming before 2011 were interviewed to fulfil the purpose and 

                                                 

25 While collecting income information, the daily and monthly income were estimated by considering the 

income from the farmer’s total amount of crops cultivated in a six month period if the farmers did not 

correctly state their daily or monthly income.  
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objectives of the study. The following subsections explain the details of the study 

locations, variables, and methods used.  

7.2.1 Survey Location and Sample Size 

Saline-prone districts, subdistricts, and the affected villages were purposively 

selected for the survey based on the level of salinity. Households primarily involved in 

farming activities and who had begun diversifying occupations were identified through 

the review of the literature, newspapers reports, and by consulting with local researchers 

in Bangladesh. The survey was conducted in the ten coastal villages from four subdistricts 

within two coastal districts; Khulna (latitude 22.350 N and longitude 89.300 E) and 

Patuakhali (latitude 22.35420N and longitude 90.31810E). Households across low, 

medium, and high saline villages in two districts where the majority of the villages 

experienced cyclone ‘Ayla’ in 2011, namely were surveyed for this study. Figure 7.1 and 

Figure 7.2 demonstrate the survey locations and examples of the salinity problem in the 

rice production field26 and the names of the villages across the two districts as follows: 

1) Khulna district: 

 Batiaghata’ subdistrict (latitude 22.74170 N and longitude 89.51670 E):  

 Low saline: village ‘Sukdara’; 

 Medium saline: village ‘Sukdara’; 

 High saline: village ‘Bunurabad’; 

2) Patuakhali district: 

 Amtali subdistrict (latitude 22.12940 N and longitude 90.22890 E):  

 Low saline: villages Tiakhali’ and ‘Basagi’; 

                                                 

26 See Appendix 7A for questionnaire used for the primary data collcetion (N.T: local Bengali language 

used to make the questions suitable for the local people during the field survey).  
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 Medium saline: village ‘Boroibunia’, ‘Kurindapara’, and 

‘Sekendarkhali’; 

  ‘Kalapara’ subdistrict (latitude 21.98610 N and longitude 90.24220 E) 

 Low saline: village Tiakhali’ and ‘Basagi’; 

 Medium saline: village ‘Boroibunia’, ‘Kurindapara’, and 

‘Sekendarkhali’ 

 High saline: village Nachnapara’, ‘Anipara’, and ‘Uttar 

Chakamaiya’. 

  



246 

 

 

Figure 7.1: Primary data collection locations across coastal locations in Bangladesh  
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Figure 7.2: Salinity problem at ‘Nasnapara’ village in ‘Kolapara’ subdistrict in the 

Patuakhali District  

Source: Authors’ field survey in 2016  
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7.2.2 Data and Variables 

Both quantitative and qualitative data were collected during the survey. Two 

dependent variables and a number of independent variables were selected for the 

econometric analysis in this study. In order to identify the determining factors behind 

occupation diversification, which can also be considered an adaptation strategy, 

occupation diversification was considered to be the first dependent variable. Based on 

different occupation diversification options three adaptation indices, Adapt_IndexP, 

Adapt_Index1, and Adapt_Index2 were used.   

In order to examine how the above-mentioned adaptation indices impact on 

farmer’s livelihoods, primary income was considered the second dependent variable in 

this study.  

While considering adaptation options, adaptation options were classified as 

Adapt_IndexP, Adapt_Index1, and Adapt_Index2. The selection of explanatory variables 

was based on the review of the literature, focus groups, and field experience. However, 

no ordering for the different adaptation choices was undertaken in order to preserve the 

natural ordering among the adaptations. The concepts were also similar to a previous 

study by Saroar and Routray (2010), where no artificial ordering existed among the 

occupation options.  

It was assumed that household occupation or adaptation strategies were a function 

of the socio-economic and farm characteristics, such as education, age groups, family 

members, marital status, gender, and land ownership. Moreover, the choice of occupation 

could also differ across the two locations; therefore, the location could also be considered 

one of the explanatory variables. It was hypothesised that level of salinity and institutional 

access, including NGOs and government assistance were also associated with occupation 

changes.  
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While indexing occupations as adaptation strategies, this study has identified 

approximately 10-15 different occupation types have been identified by this study from 

the survey experience. However, initially, they were unable to provide statistically 

significant results using logit estimation. Therefore, according to the literature, the lists 

of practised occupation choices in this study were categorised as adaptation indices 

(Uddin et al., 2014) based on the existing literature and coastal farmers adaptation 

strategies. Those occupations can be broadly classified as non-farming occupations, 

which consist of on-farming occupations and off-farming occupations. On-farming, 

occupations include all occupations that are less labour intensive and are natural resource 

related. Off-farming occupations include different levels of skills based or non-natural 

resource-based activities. The occupation diversification in this study has been indexed 

as adaptation strategies, used to cope with crop loss due to salinity impacts.  

Based on the on-farming and off-farming activities, as depicted in Table 2.4 in 

Chapter 2 of this study, adaptation options were categorised as three adaptation indices: 

Adapt_IndexP, Adapt_Index1, and Adapt_Index2.  

1) Adapt_IndexP (subjective adaptation) 

Adapt_IndexP represents the subjective adaptation options according to the 

farmers’ responses about their primary occupation diversification information. The 

following are the variable classifications: 

=1, if the household head believed that they had diversified their occupation as part 

of adaptation strategies;  

=0, Otherwise.   

2) Adapt_Index1 (actual/practiced adaptation) 
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Adapt_Index1 represents the actual or practised occupation diversification options 

by household heads from farming to non-farming occupations according to the definition 

of primary occupation (P. M. M. Rahman, Matsui, & Ikemoto, 2013).  

=1, if the household head had diversified the primary occupation from farming to 

non-farming after facing agricultural loss due to recent salinity problems, or after Ayla 

2011;  

= 0, Otherwise. 

3) Adapt_Index2 (actual/practiced adaptation) 

Adapt_Index2 represents the actual occupation diversification from farming to 

either on-farming or off-farming as part of adaptation strategies. 

=1 (On-farm activities/partial adaptation), if the household head had diversified 

their occupation from farming to on-farming (natural resource) activities, such as 

livestock keeper, fishermen, boat builder, etc. (IUCN, 2004); 

 = 2 (Off-farm activities/full adaptation), if the household head had diversified their 

occupation from farming to off-farming activities (non-natural resource-related 

activities), such as daily labour, builders, small businessman, van drivers, or workers in 

transport sectors (IUCN, 2004);  

= 0, Otherwise. 

In both cases, it was assumed that diversifying their occupation from farming to an 

on-farming or off-farming occupation was equivalent to partial adaptation and full 

adaptation with ongoing impacts of salinity.  

7.2.3 Econometric Methods 

The augmented inverse probability weighting (AIPW) estimation method (Robins 

et al., 1994) was employed to answer the two key research questions stated in Chapter 1 
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of the thesis. AIPW estimators combine aspects of regression-adjustment and inverse 

probability-weighted methods in order to estimate the potential outcome means and the 

average treatment effects (Stata, 2013). A large number of studies have utilised the 

average treatment effects (ATE) to estimate the effects of receiving or not receiving a 

binary treatment under the assumption that treatment satisfies some conditions of 

exogeneity (for more details, see other studies by Angrist & Krueger, 1999; Imbens, 2004; 

Rosenbaum & Rubin, 1983). Compared to other estimators of ATE, an AIPW estimator 

was utilised in this study because it has very attractive theoretical properties, functional 

form choices, and double robustness properties27. The double robustness property gives 

the AIPW estimator an advantage to provide the answer to complicated real-world 

situations, even if uncertainty exists about both the treatment and the outcome model 

(Glynn & Quinn, 2010). The AIPW estimation method has been widely applied by 

researchers to estimate the treatment effects for studying policy and other impacts across 

many areas, for example, Shardell, Hicks, and Ferrucci (2015) utilised the AIPW method 

to study the effects of vitamin D and gait speed among the older adults. That study found 

AIPW to be a more efficient method among the others families of IPW estimation 

methods. Another recent study by Binam et al. (2015), utilised the multivalued treatment 

framework in order to estimate the importance of the parkland system on the livelihood 

of climate vulnerable rural communities in the Sahelian Ecozones.  

The AIPW estimator uses three steps to estimate treatment effects: first, it estimates 

the parameters of the treatment model and computes the inverse probability weights; 

second, it estimates the treatment-specific predicted outcomes for each subject; third, it 

computes the weighted means of the treatment-specific predicted outcomes (Stata, 2013). 

                                                 

27 For more details about the theory behind the AIPW estimator see, Tsiatis (2007) 
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Therefore, the AIPW methodology consists of both treatment parts with treatment 

variables (T-model) and outcome parts with outcome variables (O-model).  

To address the first research question, a multinomial logit model was used to predict 

the treatment status as part of the T-model, which is one of the most popular and 

advantageous methods of analysing adaptation strategies of more than two categories 

(Wooldridge, 2010). The MNL model is the most frequently used model specification 

among discrete choice models (Hausman & McFadden, 1984). Moreover, the 

specification and the parameter estimation of the multinomial model were deemed to be 

suitable for this study compared to the other choice models (Cameron & Trivedi, 2009; 

Hausman & McFadden, 1984; Long & Freese, 2006). The MNL model also 

simultaneously estimates the binary logit for all possible comparisons of outcomes and 

compares all categories based on one reference category. Farmers can choose either on-

farming or off-farming adaptation strategies, where farming is the base category. 

However, the estimated coefficients by MNL only show the direction, but not the extent 

of the change or the probabilities. Therefore, calculation of marginal effects is necessary 

to obtain the likelihood of change in the probability of an adaptation option with respect 

to a unit change in an explanatory variable (Greene, 2012)28.  

In order to answer the second research question, linear regression was used to model 

as part of the O-model. After choosing the determinants behind choosing adaptation 

options from the treatment parts, outcome parts provided the expected income difference 

from with and without adaptation options and the expected income difference from off-

farm occupation compared to on-farm occupation engagement29.  

                                                 

28 For more details see Verbeek (2008, Chapter 7, p.228-231) 

29 This study primarily focused on the current household characteristics, but not previous characteristics of 

the farming households. In order to ensure robust checking for the second research question, difference-in-

difference estimation methods were applied by considering diversified households as parts of the treatment 
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7.3 RESULTS AND DISCUSSION 

Overall socio-economic descriptions followed by the econometrics results are 

provided here to answer the two research questions. The model offered a good fit, with 

factors predicting the adoption of different occupations by the household heads and the 

resulting impacts on primary income. In order to avoid the problem of multicollinearity 

among the variables, collinearity was examined by using the correlation matrix among all 

explanatory variables. The correlations were relatively low (<0.41) for the majority of the 

independent variables. 

7.3.1 Socio-Demographic Characteristics of Household Heads   

Table 7.1 provides the detailed socioeconomic characteristics of the studied farming 

households of Bangladesh. While considering the farming household characteristics, it 

can be seen that approximately 46%, 39%, and 15% of the household heads were from 

villages with high, medium and low salinity. In terms of education, approximately 24% 

of the household heads had no education, while the majority of the farmers (44%) had 

education up to standard five. In total, 73% and 78% household heads had some level of 

education. In regards to the number of family members, the average within each family 

was about five, while 29% of the families had more than five. Location wise, 

approximately 34% of the households had more than five members in the Patuakhali 

district. However, the proportion of households with more than five family members was 

24% in the Khulna district. In terms of household head’s marital status and gender, about 

133 out of 144 household heads (94.33%) were married, while about 82.98% were male-

headed households and 17.02% were female-headed households. Location wise, 

                                                 
groups and non-diversified households as part of the control group (Hill, Griffiths, & Lim, 2011), for further 

details, see Appendix 7B. 
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approximately 75% of the household heads were male in the Khulna district, whereas 

approximately 91% were male in the Patuakhali district. The ages of the household heads 

were classified into three groups: 15-35, 36-54, and 55 and above. Between 71%-75% of 

the household, heads had lived in the study area since birth. The different land sizes 

owned by the household heads were categorised as “no to small land” with a holding size 

including landless to land amounting to less than 0.05 of an acre, “medium land” was a 

holding with the land of 0.05 to 2.50 acre, and “large land” holding with more than 

2.51acres. The average size of the land holdings was 2.47acres (about 33% of household 

heads had less than 0.05acres of land, whereas 27% of the households were landless). 

Approximately 52% and 15% were medium (0.05 to 2.50 acres) and large (>2.50 acre) 

land holdings farmers, respectively. Institutional access was considered part of the 

government organisation assistance and non-governmental organisation (NGO) 

assistance. According to the field study, only 18% of the total surveyed households 

received institutional or cooperative society help from NGOs, namely, “Asha”; 

“Sukhdara Mahila Samiti”; “Bangladesh Rural Advancement Committee (BRAC)”; 

“BRDB”30, an individual money lender; “Unnayan NGO” in Khulna and “Grameen 

Bank”, “Uddipon NGO”, “Asha”, and “BRAC”31 in the Patuakhali district. However, 

very few households received government advice regarding agricultural improvements 

and the different fertilisers to improve crop production.  

 

 

 

                                                 

30 BRDB =  Bangladesh Rural Development Board  

31 BRAC = Bangladesh Rural Advancement Committee 
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Table 7.1: Socio-Economic Characteristics of Households Irrespective of Location 

Explanatory variables Description (categories) Measures (proportions/ 

average) 

Age 15-35 

36-54 

55 and above* 

Mean 0.36 

Mean 0.41 

Mean 0.21 

Gender Male-headed 

Female-headed* 

82.98% 

17.02% 

Education No education* 

Up to standard five 

Up to high school 

Up to university level 

24% 

44% 

21.28% 

11% 

Marital status Married 

Other 

 

94.33% 

5.67% 

 

Family member Number of family members Mean: 4.97 

Land ownership None to small land (<0.05 

acres)* 

Medium land (0.05-2.50 

acres) 

Large land (>2.51 acres) 

33%; (27% landless) 

52% 

15% 

Location 

 

Khulna* 

Patuakhali 

50.35% 

49.65% 

Salinity Low* 

Medium 

High 

14.89% 

39.01% 

46.10% 

Institutional assistance Yes 

No* 

17.73% 

82.27% 

* The base category for econometric analysis. 

 

7.3.2 Occupation Diversification and Income Changes by Household Heads 

According to the field study, only 56% of the farmers reported or believed that they 

had changed their primary occupation. However, approximately 63% of farmers had 

actually diversified their primary occupation, whereas 18% had diversified to on-farming 
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occupations and 45% to off-farming occupations. Therefore, it was clearly projected that 

farmer’s perceptions about their current primary occupation were different from their 

actually practised primary occupation. Moreover, the key reason behind the non-

diversification was fewer resources by the household head. 

Figure 7.3 shows two salinity groups: low to medium saline and high saline 

locations in both Khulna and Patuakhali districts. In the case of the Khulna district, the 

occupation diversification scenario was different from the low to medium salinity and 

high salinity locations. Approximately 65% of household heads had engaged in some 

form of off-farm activities as their primary occupation, whereas the proportion of the 

population involved in off-farm activities was only 19% in the case of household heads 

living in high saline villages in Khulna district. Approximately 68% of household heads 

had not diversified their primary occupation from farming to non-farming activities. 

However, the on-farm occupation diversification proportions were quite consistent with 

the extent of salinity. In contrast, the occupation diversification scenario in the Patuakhali 

district was different compared to the Khulna district. The proportion of household heads 

that had already diversified to off-farming activities was 43% and 57%, respectively for 

low to medium salinity too high salinity in Patuakhali. Two key facts are indicated by 

Figure 7.3; firstly, that household heads were more likely to diversify their occupation 

from farming to off-farming if the salinity level increased from low- medium salinity too 

high salinity in the Patuakhali district. Secondly, it was also possible that resource-poor 

household heads were sometimes unable to diversify their occupation despite apparent 

difficulties in maintaining their livelihoods, (for example, high saline villagers in Khulna 

district). While considering the resulting impacts of occupation diversification on income, 

it can be seen that the overall income level increased after diversifying occupation from 

farming to non-farming, and particularly from farming to off-farming occupations.  
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Figure 7.3 Occupation patterns across low, medium, and high saline locations 

across the Khulna and Patuakhali Districts32. 

 

Table 7.2 describes the socio-demographic reasons behind the different patterns of 

occupation diversification in the two locations according to the field study. Table 7.2 also 

depicts the primary analysis of income differences in both the Khulna and Patuakhali 

districts across different salinity levels to conduct a preliminary assessment of the income 

difference before and after occupation diversification. The highest income changes 

earned by household heads (1.14) can be seen among the low to medium saline villages 

in Khulna, where approximately 65% of household heads were involved in off-farming 

occupations. However, the income difference was only 0.18 for the household heads 

living in high saline Khulna, where only 19% were involved in off-farming occupations. 

                                                 

32 Low and medium salinity are combined in Figure 7.3 and are compared with high salinity for Khulna 

and Patuakhali Districts. 
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Therefore, according to the primarily analysis of the study, occupation diversification had 

positive impacts on the monthly income earned by household heads in both the Khulna 

and Patuakhali districts. 

Table 7.2. Difference in Primary Income before and After the Occupation 

Diversification  

Salinity Groups Across 

Locations 

Primary Income 

Before 

Diversification 

(MeanI) 

Primary Income 

After 

Diversification 

(MeanII) 

Income 

Difference 

 (MeanII-

MeanI) 

Low-medium saline in 

Khulna (approximately 

65%)* 

7.04 8.18 1.14 

High saline in Khulna 

(approximately 18.92%)* 

6.98 7.16 0.18 

Low-medium saline in 

Patuakhali (approximately 

43%)* 

7.83 8.07 0.24 

High saline in Patuakhali 

(approximately 58%)* 

7.57 8.27 0.70 

Note: household head’s income is expressed in natural logarithm (*)  

 

7.3.3 Econometric Results 

The econometric results are discussed in line with the two research questions. First, 

the T-model (MNL) results estimated the parameters and marginal effects to determine 

the explanatory variables (see Table 7.3). Overall, the T-model offered a good fit for 

predicting the explanatory variables regarding whether to diversify the occupation from 

farming to either on-farming or off-farming. The chi-square statistics value was (LR chi2- 

71.82), which was reasonably good for estimating the dependent variables. In other 

words, the joint null hypothesis that all variables were jointly significant was also 

accepted. In terms of goodness of fit, the Pseudo R2 (0.24) expressed a reasonable power 

of the estimated models.  
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According to Table 7.3, the key significant determining factors behind diversifying the 

occupation for Adapt_IndexP were medium and high salinity levels. For the actual 

occupation diversifications indices, the study found a key positive significant 

relationship between age, family size, and location, and a negative significant relation 

with salinity levels and amount of land size for Adpat_Index1. However, the number 

of determinant factors, along with their expected signs differed for Adapt_IndexP, 

Adapt_Index1, and Adapt_Index2 (as discussed in the following sub-sections). For 

Adapt_Index2, the key significant determining variables for on-farming adaptation 

were Edu_Std Five, Patuakhali district (location), gender, and medium salinity. For off-

farming occupation in Adapt_Index2, the significant determining factors were age 15 

to 35, age 36 to 54, Edu_Std5, Edu_Hsc, marital status, medium land, large land, 

Patuakhali location, gender, family size, high salinity. A discussion about the 

significant, insignificant, and mixed relationship determinants for different adaptation 

indices is provided in subsection 7.3.3.1. 
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Table 7.3: Estimated results from Multinomial Logit Model for Adapt_IndexP, Adapt_Index1 and Adapt_Index2 

Explanatory 

Variables  

Adapt_IndexP  Adapt_Index1  Adapt_Index2= 1  

(On-farm jobs) 

Adapt_Index2= 2  

(Off-farm jobs) 

Coefficient Marginal 

Effect 

Coefficient Marginal 

Effect 

Coefficient  Marginal 

Effect  

Coefficient  Marginal Effect 

Constant -0.912 

(1.624) 

 -2.141 

(1.790) 

 -2.169 

(2.126) 

 -3.530 

(1.944) 

 

Age 15 to 35 0.722 

(0.579) 

0.155 

(0.115) 

2.788*** 

(0.705) 

0.438*** 

(0.088) 

2.644** 

(0.997) 

0.121 

(0.106) 

2.801*** 

(0.774) 

0.309** 

(0.109) 

Age 36 to 54 0.770 

(0.527) 

0.165 

(0.104) 

2.543*** 

(0.673) 

0.399*** 

(0.077) 

2.492** 

(0.903) 

0.122 

(0.101) 

2.523*** 

(0.759) 

0.270** 

(0.101) 

Edu_Std5 0.467 

(0.480) 

0.100 

(0.103) 

-0.924 

(0.678) 

-0.145 

(0.095) 

0.678 

(0.840) 

0.199** 

(0.099) 

-1.577** 

(0.750) 

-0.333*** 

(0.098) 

Edu_ HSC -0.167 

(0.580) 

-0.036 

(0.126) 

-0.743 

(0.770) 

-0.116 

(0.110) 

0.231 

(0.929) 

0.103 

(0.113) 

-1.014 

(0.829) 

-0.199* 

(0.116) 

Edu_ Uni 0.812 

(0.933) 

0.174 

(0.172) 

-0.007 

(1.002) 

-0.001 

(0.153) 

1.006 

(1.331) 

0.149 

(0.140) 

-0.342 

(0.989) 

-0.135 

(0.158) 

Marital status 0.750 

(1.024) 

0.161 

(0.194) 

1.112 

(1.117) 

0.174 

(0.173) 

0.048 

(1.302) 

-0.123 

(0.121) 

1.765 

(1.227) 

0.314* 

(0.179) 

Medium land 0.052 

(0.455) 

0.011 

(0.096) 

-1.347** 

(0.566) 

-0.211** 

(0.079) 

-0.683 

(0.708) 

0.040 

(0.073) 

-1.695** 

(0.626) 

-0.254** 

(0.083) 
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Explanatory 

Variables 

Coefficient Marginal 

Effect 

Coefficient Marginal 

Effect 

Coefficient  Marginal 

Effect  

Coefficient  Marginal Effect 

Large land 0.350 

(0.662) 

0.075 

(0.145) 

-1.794** 

(0.730) 

-0.282** 

(0.118) 

-1.414 

(1.050) 

-0.021 

(0.110) 

-2.091** 

(0.855) 

-0.272** 

(0.129) 

Patuakhali 

Location 

0.304 

(0.406) 

0.065 

(0.087) 

1.594** 

(0.513) 

0.252*** 

(0.078) 

1.789** 

(0.672) 

0.110* 

(0.064) 

1.506** 

(0.544) 

0.139* 

(0.081) 

Gender -0.133 

(0.532) 

-0.028 

(0.117) 

-0.064 

(0.589) 

-0.010 

(0.100) 

-1.255 

(0.800) 

-0.205** 

(0.085) 

0.686 

(0.789) 

0.215** 

(0.114) 

Family size 0.128 

(0.120) 

0.027 

(0.022) 

0.415** 

(0.161) 

0.065** 

(0.021) 

0.272 

(0.170) 

-0.001 

(0.0317) 

0.482** 

(0.175) 

0.066*** 

(0.020) 

Institutional 

assist 

0.497 

(0.499) 

0.106 

(0.106) 

0.140 

(0.539) 

0.022 

(0.097) 

0.275 

(0.714) 

0.032 

(0.079) 

0.015 

(0.593) 

-0.017 

(0.097) 

Medium salinity -1.113* 

(0.643) 

-0.239* 

(0.143) 

-1.779** 

(0.702) 

-0.279** 

(0.119) 

-2.279** 

(0.855) 

-0.170** 

(0.089) 

-1.519** 

(0.755) 

-0.105 

(0.115) 

High salinity -1.621** 

(0.609) 

-0.348** 

(0.132) 

-1.750** 

(0.671) 

-0.275** 

(0.115) 

-1.818** 

(0.823) 

-0.093 

(0.083) 

-1.789** 

(0.708) 

-0.188* 

(0.110) 

* p<0.10  

** p < 0.05 

*** p < 0.001 
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7.3.3.1 Significant Determinants of Diversification  

Location:  

Location was shown to be a positive significant determinant factor for both 

Adapt_Index1 and Adapt_Index2. Even if the Khulna and Patuakhali districts were 

experiencing low to high salinity impacts, people living in the Amtali and Kalapara 

subdistricts in Patuakhali district were more likely to diversify their occupation from 

farming to off-farming occupations than households in Batiaghata subdistrict in Khulna 

district (0.139, p<0.088) for Adapt_Index2. These results are also supported by studies 

outside Bangladesh that have mentioned the importance of choosing location while 

exploring adaptation options within a country (Conway & Mustelin, 2014). 

Age groups: 

A household head’s age group played a key role in choosing an off-farm occupation. 

Overall, the study found a positive significant relationship between farming and non-

farming occupations in Adapt_Index1 and between farming and off-farming occupations 

in Adapt_Index2. Household heads aged between15 and 35 were more likely to diversify 

from a farming to an off-farming occupation compared to the age group of 55 and more 

(0.399, p<0.005). Similarly, a highly positive significant relationship existed for 

diversifying occupation from farming to off-farming activities for household heads within 

the age of 36-54 compared to the age group of 55 and more (0.270, p<0.008). These 

results are consistent with existing Bangladesh related studies by S. K. Paul and Routray 

(2011) and Uddin et al. (2014). 

Land size or land ownership: 

Land size or farm size played a significant role in occupation diversification for 

Adapt_Index1 and Adapt_Index2. Significant negative results were found for the amount 

of land owned by household heads and occupation diversification. Though land 
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ownership played an insignificant role in changing occupation from farming to on-

farming activities, it led to a negative and significant relationship while changing the 

occupation from farming to off-farming activities. Household heads with medium to large 

land were less likely to change their primary occupation from farming to non-farming, 

including off-farming (-0.254, p<0.002, -0.272, p<0.036). These results are in accordance 

with the researcher’s experience, where large and medium landowner farmers were less 

likely to change their primary occupation from farming to any other off-farming 

occupation compared to small land holding farmers. The key expected reasons are that 

those household heads were also able to be involved in other activities involving more 

resources (for example, shrimp cultivation is a popular alternative form of work for 

coastal farmers). Therefore, those household heads were less likely to change their 

occupation to other off-farm activities that required fewer resources. These study results 

are consistent with findings in the research by Uddin et al. (2014), who found that 

increasing the size of a farm’s operation decreased the probability of undertaking an 

adaptation strategy. 

7.3.3.2 Insignificant Determinants of Diversification  

Institutional assistance:  

According to the field level survey, an insignificant relationship was found between 

institutional assistance and diversifying occupation for all adaptation indices. Although 

this is evidenced by previous studies (for example, see, Alam et al., 2016) that showed 

that institutional access facilities had a significant role in undertaking an adaptation 

option, this study did not find a significant relation. The key reason could be that NGO 

assistance or government assistance were primarily considered to form part of 

institutional access. However, during the field experience the presence of the government, 

as well as NGOs, was observed to be very limited. Approximately 82% of the households 
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reported that they had not received any level of assistance from an NGO, while only about 

2% of the farmers had received some form of assistance from their local agricultural 

government office. Therefore, it can be concluded that institutional assistance is an 

insignificant determinant of occupation diversification.  

7.3.3.3 Mixed Determinants of Diversification  

Level of salinity:  

A mixed relationship was found between the level of salinity and occupation 

diversification. According to Figure 7.3, the occupation diversification pattern between 

different locations was not only dependent on salinity levels, but also on other factors, 

including location. Overall, the empirical results show a mixed relationship between 

salinity levels and occupation diversification. Household heads in high saline locations 

were less able to diversify to an off-farming occupation compared to the household heads 

in low to medium saline locations (-0.188, p< 0.08). In the case of medium salinity, even 

if the coefficient showed a similar significant direction to that of high salinity, the 

marginal effect sign was not significant. It can be expected that if the degree of salinity 

increased from a low level to a medium or high level, then coastal farmers would have a 

greater tendency to migrate to other locations rather than changing occupation while 

living in the same location.  

Level of education:  

Empirically, mixed results were found between diversifying occupation with the 

education level of household heads for Adapt_Index2. A higher level of education by 

household heads could have either a positive or negative effect on diversifying occupation 

from farming to either on-farming or off-farming occupations. Household heads with an 

education of standard five and a higher level of education (up to high school level) had 

negative impacts behind diversifying occupation from farming to off-farming occupation 

(-0.333, p<0.001, -0.199, p<0.087), respectively. However, a positive significant result 
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existed between education level up to standard five and diversifying occupation from 

farming to on-farming (0.199, p<0.044). These findings are consistent with other studies, 

where both significant, as well as insignificant results, have been found with level of 

education and occupation diversification as an adaptation strategy (S. K. Paul & Routray, 

2011; Uddin et al., 2014).  

Gender of the household head: 

A mixed significant relationship was found for diversifying occupation from 

farming to on-farming and off-farming occupation for Adapt_Index2. The results indicate 

that male-headed households were more likely to be involved in off-farming occupations 

compared to female-headed households (0.215, p<0.059). It was expected that male-

headed households were less likely to be directly involved in on-farming occupations than 

female-headed households (-0.205, p<0.015), and this expectation were confirmed during 

the field study. Previous studies also found consistent positive results of adopting 

adaptation strategies by male-headed households (Sarker et al., 2013; Alam et al., 2016; 

S. K. Paul & Routray, 2011). 

According to the above discussion, the key determining factors behind choosing a 

different occupation by household heads varied from subjective to actual adaptation 

options. In the case of subjective adaptation options or Adapt_IndexP, the key 

determining factors were the salinity levels, whereas the number of determining factors 

increased for both of the actual or practised adaptation options, such as Adapt_Index1 

and Adapt_Index2. For Adapt_Index1, age, land ownership, location, family size and 

salinity levels played significant motivating factors for diversifying occupation from 

farming to any form of non-farming occupation, including either on-farming or off-

farming for marginalised coastal farmers. Furthermore, education (up to high school), 

marital status, and gender were also significant factors for diversifying farming to an off-
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farming occupation while considering Adapt_Index2. However, while diversifying 

occupation farming to on-farming in Adapt_Index2, the only influencing factors were 

education (up to standard five), Patuakhali location, gender, and a medium level of 

salinity. Overall, it would appear that the number of determining factors was significantly 

larger for actual or practised occupation diversification compared to subjective 

occupation diversification. Moreover, the number of determinates varied across the on-

farming or off-farming occupation patterns.  

The key purpose of this section is to identify the relationship between occupation 

diversification and primary income of the household heads. Table 7.4 presents the ATE 

model results for Adapt_IndexP, Adapt_Index1 and Adapt_Index2 in relation to the O-

model results. Furthermore, it can be seen that the primary occupation diversifications 

according to the subjective occupation information by household heads had positive but 

insignificant impacts on primary income. Therefore, it is evidenced that the results, which 

are based on the subjective primary occupation by household heads, might not 

demonstrate the actual impacts on their primary income. Therefore, the impacts on 

primary income when the household head actually changed their primary occupation 

practically from farming to non-farming were also examined. Household heads that had 

already diversified their occupation from farming to any other occupation as part of 

climate adaptation had significantly increased their primary income by 58.94% compared 

to those household heads who were still working as agricultural farmers. This implies that 

farmers have been partly successful in adapting to the salinity and other climatic hazards 

rather than migrating to other places. 

However, according to the field study, there was a difference between farmers’ 

perceptions of changing their occupation and the actual occupations or practised 

adaptation options. Most of the household heads did not realise that they had started 
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spending more time on either on-farming or off-farming occupations compared to 

spending time on farming. 

Table 7.4: Estimated Results from Average Treatment Effects (ATE) for 

Adapt_IndexP, Adapt_Index1 and Adapt_Index2 

Primary Income (log) 

 

Coefficient Robust 

Standard Error 

95% Confidence Interval 

Adapt_IndexP  0.0025 0.1176 -0.2279 0.2330 

Adapt_Index1 0.5894***   0.1330    0.3286    0.8501 

Adapt_Index2 

(Farming to on-farming 

occupation)  

0.237 0.198 -0.1515 0.6260 

Adapt_Index2 

(Farming to off-farming 

occupation) 

0.750*** 0.152  0.4515 1.0494 

* p<0.10  

** p < 0.05 

*** p < 0.001 

 

 

    

It can be seen that changing occupation from farming to on-farming activities 

implies positive impacts on the primary income of household heads. Though the results 

were not significant, the sign of the coefficient supports that an on-farming occupation 

had a positive impact on the household head’s primary income. In line with this, an off-

farming occupation made highly significant positive impacts on the income of household 

heads. Household heads that had diversified their occupation from farming to off-farming 

had successfully increased their expected income by 75% compared to the income earned 

from a farming occupation, irrespective of location33.  

                                                 

33 The differences in differences estimation (see Appendix 7B) for Adapt_Index1 were also applied in order 

to analyse the link between primary income and occupation diversification, as shown in Table 7.4. Situation 

‘A’ describes the fixed effects on the household head’s income by taking the difference in difference with 

fixed effects without taking any control variables other than the Adapt_Index. Situation ‘B’ describes the 

effects on income before and after taking the occupation diversification. Finally, situation ‘C’ describes the 

impacts on income before and after the occupation diversification while controlling for other Determining 
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7.4 SUMMARY 

The aim of this study was to analyse the key determinants of diversifying a primary 

occupation from a farming to a non-farming occupation and the association between 

occupation diversification and the primary income of household heads. Moreover, the 

other purpose of this study was to examine the variation in the overall results, along with 

the subjective and practised occupation description and the primary occupation 

information about household heads. 

In summary, age, education, marital status, land size, Patuakhali location, gender, 

family size, and salinity levels were significant factors for diversifying occupation from 

farming to non-farming by resource-poor coastal farmers in Bangladesh. Interestingly, a 

greater number of determinants were identified while diversifying from farming to off-

farming occupations. However, the number of determinants vary from subjective primary 

occupation diversification to practical occupation diversification. The number of 

determinants was higher behind the practical occupation diversification compared to the 

subjective occupation diversification.  

Overall, farmers who had successfully diversified their primary occupation from 

farming to off-farming occupations increased their primary household income by up to 

75% in both the Khulna and Patuakhali districts. Therefore, diversifying their occupation 

from farming to non-farming occupations had positive impacts on the household income, 

as well as livelihood conditions.  

However, a lack of monetary resources, lack of education or skills, and fewer 

institutional supports were the key barriers, while diversifying occupation was mentioned 

by the household heads in both the Khulna and Patuakhali districts. Meanwhile, farmers 

                                                 
variables, such as age groups, education, marital status, land sizes, location, gender, family sizes, and 

salinity levels. A positive significant impacts have found between income and occupation diversification, 

after controlling for other determinant variables.  
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also mentioned their preferred occupations, such as starting a new business or expanding 

their existing business, if they were to receive any institutional  

including government assistance.  
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Chapter 8: Discussion and Conclusions 

8.1 INTRODUCTION 

This study examined the effects of climate change on agriculture in Bangladesh, 

with a particular focus on the regional level, and explored the adaptation strategies of 

coastal farmers. As discussed in Chapter 1, this study attempted to answer a number of 

research questions by identifying the research gaps in the literature. In doing so, the study 

makes significant contributions to the literature and knowledge about understanding the 

impacts of climate change and adaptation in countries highly vulnerable to climate 

change. Three objectives, as stated in Chapter 1, have been fulfilled in this research. The 

first and second relate to the effects of climate change on regional and national economies 

and the third relates to adaptation. First, the economic impacts of climate-induced crop 

productivity loss and its impacts on regional growth disparities and income loss across 

the poverty-stricken and least poverty districts were analysed using a top-down regional 

CGE model for Bangladesh. Second, the economic impacts of sea level rise, particularly 

soil salinity-induced crop productivity loss in coastal regions and non-coastal regions, 

were analysed by developing a 64-district level BD-TERM bottom-up regional CGE 

model for Bangladesh. Third, the determinants of occupation diversification and the 

impacts of diversification on farmers’ livelihood were identified using the MNL model 

and average treatment effects using primary data for 141 households.  

The rest of Chapter 8 consists of four sections. Section 8.2 summarises the overall 

study results and the results based on the three research questions of this study. Section 

8.3 describes the policy implications. Section 8.4 describes the limitations of the research 

and provides directions for future research. The final section concludes the chapter.  



271 

 

8.2 SUMMARY OF RESULTS 

This thesis consists of a total of eight chapters. Chapter 2 and Chapter 3 emphasised 

the background of this study and discussed previous studies while highlighting the 

research gaps regarding the regional dimension of economic impacts of climate change. 

Moreover, a range of different methods was highlighted in the literature while assessing 

the long-term effects of climate change. Furthermore, keeping in mind the importance of 

different practiced adaptation strategies among coastal farmers, this study focused 

attention particularly on adaptation based on occupation diversification, because farmers 

in the coastal regions have already experienced a significant reduction in agricultural 

outputs and begun diversifying their primary occupation from farming to other non-

farming related activities. Therefore, changes in the occupation are particularly aligned 

with the economic impacts of salinity-induced crop loss in coastal regions. This section 

summarises the major findings that answer the three research questions of this study. 

Research Question 1 

What are the effects of climate change on regional growth disparity and income 

loss in Bangladesh? 

This study utilised the 17 sectors and 64 districts top-down regional comparative 

static CGE model for Bangladesh to examine the economic impacts of climate-induced 

crop productivity loss for both the national and regional level economies by 2030. Three 

simulations were carried out based on pessimistic, medium, and optimistic crop 

productivity loss scenarios due to climate change under the long run macroeconomic 

environment. The overall results can be explained in two parts.  

The first part of research question 1 explains the likely macroeconomic and sectoral 

output impacts due to crop productivity loss. Overall, the results depicted in Chapter 5 

indicate that the lower the climate-induced agricultural productivity loss due to the 
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positive effects of carbon fertilisation, the more likely it is that positive economic growth 

will be stimulated in the national economy. National real GDP, along with other macro-

variables, such as real household consumption and real investments, are likely to decrease 

due to medium and pessimistic climate-induced crop productivity loss scenarios. One of 

the key factors behind these losses is the likely inter-sectoral forward and backward 

linkages due to climate-induced crop productivity losses.   

The results also show that all 64 districts are likely to experience a decrease in gross 

district domestic product due to climate-induced crop productivity loss scenarios. Similar 

negative growth results are likely to be experienced by all 10 poverty-stricken and 10 

least poverty-stricken districts. In addition, substantial value-added losses are likely to be 

experienced by all districts due to the pessimistic scenario in the long run. The resulting 

difference can be explained by the local and national industries. For example, large value-

added losses are also projected for the least poor districts of Kushtia, Dhaka, and 

Chittagong, where manufacturing and service sectors contribute largely towards those 

districts’ GDP compared to the agriculture sectors in a base year. The model used in this 

study assumed the manufacturing and service sectors, such as national industries and 

agriculture to be local industries; thus, a reduction in the output of national industries 

would create a multiplier negative demand effect on local industries, as well as negative 

growth in overall economies as a result.  

The second part of research question 1 explored the growth disparities across the 

districts of Bangladesh. Overall, the study results show that climate-induced crop 

productivity loss is not the only variable responsible for increasing growth disparities 

among the poverty-stricken and least-poverty districts in Bangladesh, implying the 

existing disparities are likely to remain within Bangladesh districts by 2030. Even so, the 

extent of the growth losses is not likely to differ across 64 districts, due to the combined 

balanced growth losses across districts for medium to pessimistic climate scenarios. 
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Based on the above general equilibrium analysis, it is also evident that the average income 

loss of the poor population in poverty-stricken districts is greater than the average income 

loss in the least poverty-stricken districts. Though the percentage change of average 

income loss of the poor population under the medium and worst climate conditions is not 

very alarming, it might have substantial impacts on district-level poverty in a developing 

country such as Bangladesh.  

Both national and districts level results were consistent with other existing studies. 

For example, the national study results, discussed in Chapter 5, are consistent with the 

estimations by Thurlow, Paul, et al. (2012), and Bandara and Cai (2014), where similar 

types of projections were calculated for national GDP and industry value-added losses in 

the long-term. In addition, the estimated real GDP losses of -1.16% for the current study, 

which were due to the likely temperature rise of 1.0°C to 1.5°C and equivalent to the 

medium climate scenario results, were also in accord with the results obtained by Ahmed, 

M., & Suphachalasai, S.(2014). Similarly, the results of the district were also consistent 

with the estimations completed by Yu et al. (2010) and Kobayashi and Furuya (2011) 

where different extents of sectoral output losses were experienced by different districts in 

Bangladesh. Moreover, the income loss estimation found here was also consistent with 

the findings by Hertel et al. (2010), which posited that climate change affects Bangladesh 

more negatively because of its larger poor population.  

Research Question 2 

What are the effects of land inundation and salinity intrusion due to sea level rise 

on agriculture in Bangladesh? 

Research question 2 examined the regional economic impacts of land inundation 

and salinity intrusion-induced crop productivity loss due to sea level rise, which provides 

important insights to analyse the location region-specific impacts of climate change.  
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Framing a solution to this question is one of this study’s major contributions to knowledge 

in regards to climate impacts literature. Therefore, the economic impacts assessments due 

to salinity-induced crop productivity loss occupy maximum space in this thesis. Salinity 

intrusions due to sea level rise are likely to pose massive threats to the coastal agriculture 

in Bangladesh. A quantitative analysis of the salinity-induced crop productivity loss 

revealed that salinity-intrusion is not only likely to have negative impacts on the coastal 

economies, but also the non-coastal economies of Bangladesh. Three long run 

simulations, Scenario S1, Scenario S2, and Scenario S3 were carried out by applying the 

BD-TERM model to examine the regional economy-wide impacts of agricultural 

productivity loss due to sea level rise. The study results were explained in key major 

channels; the national and regional macroeconomic and industry results, along with the 

regional export and import results. Overall, the study results show a likely decrease in 

real GDP along with other macro indicators, such as real household consumption and a 

real investment for the Bangladeshi economy, in addition to a likely increase in the 

national consumer price index by 2050. For coastal regions, massive growth and welfare 

loss are expected to be experienced by both the Khulna and Barisal regions, particularly 

due to salinity intrusion induced crop productivity loss by 2050. Except for a slight 

decrease in GRP in the rest of the Khulna and Mymensingh regions found in scenario S1, 

an increase in real GRP is likely to be experienced by all Bangladeshi non-coastal regions. 

However, varying real household consumption, from slightly negative to positive results, 

is likely to be experienced by non-coastal regions by 2050.   

On the production side, the national industry results suggest that agricultural sectors 

are likely to experience a decrease in output due to large crop productivity losses in the 

coastal regions. Specifically, industries related to agricultural production, such as food 

processing industry, were shown to be likely to decrease production in all three scenarios, 

along with a decrease in overall sectoral employment. However, other manufacturing, 
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such as textile and clothing industries, is likely to increase production through the inputs 

movement across from agriculture to other industries in the long run, with an increase in 

national level employment. At the regional level, both coastal and non-coastal regions are 

likely to experience a decrease in agricultural production due to large crop productivity 

losses in coastal regions. Nevertheless, textile and wearing apparel industries are likely 

to expand output production for the majority of the coastal regions due to the availability 

of labour and capital from contracting agricultural sectors. However, the Barisal region 

is likely to experience a decrease in output, even for textile production, due to salinity 

intrusion-induced crop productivity loss. For non-coastal regions, though a majority of 

the agricultural sectors in both non-coastal adjacent and non-coastal distant regions are 

likely to experience a decrease in crop production, paddy production is likely to increase 

across all regions. Similarly, both textile and wearing apparel labour-intensive industries 

are likely to expand output production for S1, S2, and S3 scenarios across non-coastal 

regions at a larger extent compared to the coastal regions. For non-coastal regions, the 

food manufacturing industry is likely to experience mixed results due to both land 

inundation and salinity intrusion in the long run. The increase in production could be 

explained through likely movement in labour from coastal to non-coastal regions in the 

long run. However, other manufacturing sectors are likely to experience mixed sectoral 

production across non-coastal adjacent and distant regions. Moreover, the spill-over 

impacts are also likely to impact the production of mining and service sectors in the 

majority of the regions of Bangladesh.  

As presented in Chapter 6, mixed results were found for regional export and import 

shares for both coastal and non-coastal regions depending on the extent of crop-

productivity loss across the three scenarios of crop-productivity loss due to sea level rise. 

For coastal regions, moderate to highly reduced export and import results are expected 
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for the Barisal region, with a decrease in both regional exports and imports due to an 

overall growth loss in that region. Other coastal regions are likely to experience a mixed 

result in exports and imports in the long run. A number of non-coastal distant regions, 

such as Rajshahi, Rangpur, Sylhet, and Mymensingh are likely to increase exports greatly 

compared to regional imports towards other regions in the long run. However, other than 

the counterparts of Khulna (the rest of Khulna) and the rest of Dhaka, the rest of 

Chittagong is likely to decrease its exports while increasing imports from other regions. 

Interestingly, it is also expected that Dhaka, the capital city, is likely to decrease its market 

share compared to other regions in Bangladesh.  

Overall, Bangladesh’s national and regional economies are likely to be significantly 

affected by 2050 through macroeconomic and industry effects. Coastal regions are likely 

to lose, not only by reducing regional growth and household welfare but also by reducing 

the sectoral production of agricultural, as well as manufacturing and service sectors due 

to agricultural productivity loss. The majority of the non-coastal regions are likely to 

positively gain by increasing sectoral production and employment for both agriculture 

and export-related manufacturing, such as textile and clothing in the long run.  

Research Question 3 

How do occupation adaptation strategies act as emergent adaptation strategies for 

coastal farmers in Bangladesh?  

As discussed in Chapter 7, adaptation to climate change is necessary, not only to 

cope with the ongoing impacts of climate change but also to improve the livelihood 

conditions of farming households in Bangladesh. This study particularly focused on 

occupation diversification from farming to non-farming occupations as part of the 

adaptation strategies by coastal farmers. It not only identified the determinants but also 

explored the impacts of the diversification on the farming household head’s income. For 

the purpose of the analysis, a total of three adaptation indices: Adapt_IndexP, 
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Adapt_Index1, and Adapt_Index2, were constructed for this study. Adapt_IndexP 

indexed farmers’ subjective responses about their primary occupation, while 

Adapt_Index1 and Adapt_Index2 indexed the actual diversification based on time and 

resources spent by farmers. A cross-sectional multi-stage purposive sampling technique 

was used and a primary survey was conducted with 141 households within low, medium, 

and high salinity villages in the Khulna and Patuakhali districts in Bangladesh. A 

multinomial logit model and the average treatment effects approach were applied to 

identify the determinants and to explore the impacts of diversification on farmers’ 

income.  

A positive correlation was found between location and age groups with both on-

farming and off-farming occupation diversification, whereas a negative significant 

relation was found between land size and diversification. Factors such as salinity levels, 

gender, and education showed a mixed relationship across Adapt_Index1 and 

Adapt_Index2. Interestingly, institutional assistance played an insignificant role in 

relation to diversifying occupations from farming to either on-farming or off-farming. 

Moreover, a resulting difference was also found between the determinants between 

subjective (Adapt_IndexP) and practiced (Adapt_Index1 or Adapt_Index2) adaptation 

options by coastal farmers. This indicates that many farmers are still not very aware of 

their primary occupation, particularly when more than one occupation is involved.  

 This research identified a positive association between occupation diversification 

and primary income of the household head. As discussed in Chapter 7, farmers who had 

successfully diversified their primary occupation from farming to either on-farming or 

off-farming had managed to increase their current income by approximately 20-75% 

above their previous income. Therefore, diversification not only assists farmers to 

overcome the ongoing reality of climate change impacts but also helps them to improve 
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their livelihood conditions by improving their household income. In terms of 

determinants, as mentioned in Chapter 7, these study results are consistent with other 

existing studies, where a number of determinants varied across individual or multiple 

adaptation options practiced by Bangladeshi farmers (Abdur Rashid Sarker et al., 2013; 

Alam et al., 2016; S. K. Paul & Routray, 2011; Uddin et al., 2014).  

Overall, the results of this study suggest that occupational diversification plays an 

important part in adaptation strategies, not only to cope with ongoing salinity impacts on 

agriculture but also to improve the livelihood conditions among resource-poor coastal 

farmers. Though off-farming occupation diversification is more beneficial compared to 

on-farming occupation diversification, a lack of required resources creates barriers when 

maintaining more than one occupation. 

 8.3 RESEARCH CONTRIBUTIONS AND POLICY IMPLICATIONS 

8.3.1 Research Contributions 

As mentioned in Chapter 1, this research makes a significant contribution to the 

knowledge relating to climate change literature, and more specifically, in regards to 

Bangladesh.  

First, the key methodological contribution of this thesis is the development of the 

highly disaggregated 64 district level multiregional database for Bangladesh. Due to the 

disaggregated and flexible nature, the BD-TERM model is capable of capturing any 

regional policy impacts and its spill-over impacts across other regions, as well as on the 

national level economy in Bangladesh. 

Second, this study is the first of its kind to assess the impacts of salinity intrusion 

on agriculture within a general equilibrium framework. Considering the recent threat of 

salinity intrusion on agriculture, this study contributes significantly to the climate impact 

literature of Bangladesh. While utilising this model to analyse the impacts of climate 
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change, this approach advances on other regional models through its reliability and the 

capability of measuring detailed regional impacts. The results obtained from the BD-

TERM did not go beyond the line of results from previous regional studies, avoiding the 

chances of under- and over-estimation of the regional impacts relating to climate change 

and sea level rise.    

Finally, this thesis also collected primary data from coastal farmers and prepared 

adaptation indices in order to explore coastal farmers’ current occupation diversification 

strategies. Thus, this research applied both general equilibrium and econometrics 

techniques to answer the three research questions of this study. 

8.3.2 Policy Implications 

Overall, the three research objectives fulfilled by this study will guide policy-

makers in Bangladesh and other South Asian countries in formulating and analysing the 

impacts of national and district-level policies towards climate change adaptation.  

The methodological contributions made in this study can provide policy-makers in 

Bangladesh with a more reliable measure of the impacts of sea level rise on agriculture. 

Using the detailed coastal and non-coastal regional economic results provided by this 

study, both national and international organisations are encouraged to revise current 

policies in order to provide better adaptation options for climate change and sea level rise.  

The economy-wide impacts of climate-induced crop productivity loss were 

examined by applying the top-down model. Because agriculture is the central sector in 

most of the backward districts in Bangladesh and forms the key livelihood for the majority 

of the population, this study made projections about how the macroeconomic conditions 

of Bangladesh will be affected by an agricultural loss by 2030. The regional disparities 

and income loss across the poverty-stricken and least-poverty stricken districts in 
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Bangladesh were also examined. Therefore, policy-makers in Bangladesh should design 

a district-specific adaptation programme in order to adapt to the near future impacts of 

climate change. Furthermore, the results also support the need for regional policy analysts 

and policymakers to pay special attention to specific districts that have already begun to 

experience seasonal food insecurity problems, for example, northern Monga prone 

regions, such as the Kurigram district ( see Ahamad, Khondker, Ahmed, & Tanin, 2013). 

Furthermore, occupation diversification seems to be an important adaptation 

strategy among resource-poor farmers in Bangladesh, it is therefore crucial for farmers to 

realise the importance of efficiently allocating their own skill and resources between 

different occupations. This underscores the importance of providing different 

opportunities for off-farm occupations to coastal marginalised household heads and their 

family members.  

Moreover, access to financial institutions, as well as the relevant technical skills 

related to those off-farming occupations is also crucial in order to support those poor 

households, as many of the farming households declared the necessity of financial help 

while diversifying their occupation. Therefore, occupational adaptation calls for 

intervention by local government organisations, as well as NGOs, because financial or 

skilful assistance is required to encourage and assist younger household heads, in 

particular, to successfully adapt to the new occupations along with the any of their 

existing occupations. Moreover, it seems wise to invest more in improving skills in order 

to reduce the recent migration influx from coastal cities to Dhaka city and to maintain 

balanced growth in Bangladesh.  

8.4 LIMITATIONS AND DIRECTIONS FOR FUTURE RESEARCH 

Similar to any other empirical study, this study was constrained by various factors 

and has some limitations. In common with most of the other studies that have adopted 
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CGE models, the first limitation is related to database preparation. The overall district-

level database preparation for BD-TERM sources was primarily dependent on 

Bangladeshi district-level data. Therefore, any missing data could only be estimated 

based on other available resources. Moreover, elasticity parameters used in the model 

were not econometrically estimated using Bangladeshi data but were collected from other 

similar modelling studies or from GTAP database.  

Another limitation of the thesis is that the current model could only be simulated to 

carry out comparative-static results; as such, it has not captured the dynamic path of the 

results that provide the year-to-year regional economic impacts due to climate change. 

Given the nature of the underlying research problem, it would have been ideal to use a 

recursive dynamic model to track the climate-change impacts, and more importantly, the 

long-term effects. However, construction of the recursive dynamic CGE model for 

Bangladesh was severely constrained by the lack of relevant data, such as capital stocks 

at the industry level and other time series forecasts for variables.  

Similarly, the analysis presented in the methodology chapters of this thesis also 

paves the way for further methodological improvements. First, the BD-TERM model 

approach described in Chapter 4 could be combined to analyse the effects of climate 

change at the regional level in dynamic settings. Second, the BD-TERM model could also 

be connected with other models to analyse the regional disparities and poverty of 

Bangladesh regions. As can be seen from the nature of the top-down model simulation 

results of this study, climate change plays a vital role in determining poverty and 

inequality in Bangladesh. However, a more detailed analysis is required for better 

assessments across Bangladesh regions. Finally, the BD-TERM modelling approach in 

Chapter 4 could be systematically linked to other Bangladesh trading partners in order to 

analyse the cross-country impacts on Bangladesh and its regions. 
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Furthermore, this study captured the regional level economic impacts of sea level 

rise-induced agricultural-productivity loss in coastal regions for the year 2050. It would 

have been ideal if the simulations had been carried out using other indicators of climate 

change, including a sea level rise-induced crop-productivity loss to analyse the complete 

assessments using the regional CGE model. However, the limitation in gathering reliable 

regional level productivity shocks data was a major constraint in assessing the regional, 

economy-wide impacts of climate change in Bangladesh. 

Therefore, future research in the following areas is recommended to address the 

limitations of this study. First, this thesis did not explore the biophysical aspects of 

climate change and sea level rise impacts on agricultural productivity. Therefore, a study 

to evaluate all of the factors responsible for productivity loss due to climate change, and 

the corresponding projected economic impacts for different years is required.  

Second, the results of this thesis also suggest improving the district-level, input-

output database developed in this study by incorporating an updated database with respect 

to interregional trade, regional transports, and regional industries, as per availability. 

Moreover, future studies could also update the BD-TERM model by linking it with a 

global model in order to capture global impacts on Bangladesh. Econometrical estimation 

of the elasticity parameters in the current model using Bangladeshi national accounts is 

also suggested. 

A primary survey was conducted to collect the data from farming household heads 

in salinity-impacted villages while analysing occupational adaptation. A number of 

limitations exist due to time and data limitations. The first and most important limitation 

of this study is the sample size of the analysis, which seems comparatively small when 

analysing farmers’ adaptation. Second, this study only analysed the impacts of 

occupational diversification on primary income. As can be seen from the nature of 

diversification, the majority of Bangladeshi coastal farmers maintain more than one 
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occupation to sustain their livelihood. Therefore, it is important to take a secondary 

occupation into account and to examine all sources of income earned by farming 

households.  

Therefore, further improvements could be possible by applying the following: first, 

by increasing the sample size, future studies could explore other interesting directions of 

this study, including the causal relationship between occupation diversification and 

household head’s income in a more detailed manner. Second, due to the cross-sectional 

nature of the study, this study primarily considered only the current primary occupation 

diversification by coastal farmers. However, future longitudinal type studies could 

compare both past and present primary, as well as secondary occupations for coastal 

marginalised farmers of Bangladesh. Study results can vary across locations; therefore, it 

is also suggested that a detailed analysis is conducted by taking locational aspects into 

account.    

8.5 CONCLUDING REMARKS 

Despite the limitations noted in the previous section, the results of this study 

evidence that serious policy planning and implementation is required for both coastal and 

non-coastal regions. Moreover, particular focus was also provided on the poverty-stricken 

districts, which is crucial in the near future to help reduce the negative impacts of climate 

change and salinity intrusion on agriculture, and to implement the adaptation programs 

for resource-poor farming households in coastal Bangladesh. This issue is important in 

setting climate adaptation policies that can assist policy-makers to design and implement 

effective strategies for the vulnerable agriculture sector in Bangladesh.   

The climate-induced long-run simulation results suggest that the overall 

Bangladesh national economy is likely to be negatively affected, with reduced growth, 
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lower household consumption, and declining sectoral output. Climate changes are also 

likely to have significant and different impacts on the nation’s regions in the long run. 

Though this analysis suggests that climate change would not be responsible for further 

increases in disparities across the regions, the poor regions are expected to be negatively 

affected though income loss. More interestingly, salinity-induced simulations suggest that 

if the coastal economies are severely affected by agricultural sectoral production loss, 

there are likely to be spill-over impacts on the non-coastal parts of Bangladesh. 

Furthermore, the majority of non-coastal distant regions are expected to benefit by 

increasing agricultural and manufacturing sectoral output, household welfare, and 

employment in the long run. Therefore, the overall analysis suggests that climate change 

in agriculture is expected to create both losses and gains across different regions based 

on the interconnections among the regions and the extent of climatic impacts, implying 

the necessity for farmers in Bangladesh to undertake different adaptation strategies. By 

exploring occupation diversification, this study suggests that diversification of occupation 

seems to be a successful adaptation strategy amongst coastal farmers because it will assist 

farmers to increase their current income. Therefore, this study has moved one step 

forward in the analysis of the multiregional level impacts of climate change and explored 

occupation adaptation, a major contribution to the knowledge. 
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Appendix 4A: Sectors Name and Aggregation for Top-down Model  

No. 

GTAP Sectors 

Coding Name Details of the Sectors 

Mapping for Top-

down Model Final Aggregation 

1 pdr Paddy rice Paddy rice Paddy rice 

2 wht Wheat Wheat Wheat 

3 gro Cereal grains nec Other Cereal Grains 

Other Cereal 

Grains 

4 v_f Vegetables, fruit, nuts 

Vegetables, fruits, 

nuts 

Vegetables, fruits, 

nuts 

5 osd Oilseeds Oilseeds Oilseeds 

6 c_b Sugar cane, sugar beet Sugar cane Sugar cane 

7 pfb Plant-based fibres Plant-based fibres Plant-based fibres 

8 ocr Crops nec Other Crops Other Crops 

9 ctl Cattle ,sheeps,goats,horses Cattle, sheep, goats 

Cattle, sheep, 

goats 

10 oap Animal products nec 

Other Animal 

Products 

Other Animal 

Products 

11 rmk Raw milk Raw milk Raw milk 

12 wol Wool, silk-worm cocoons 

Wool, silk-worm 

cocoons 

Wool, silk-worm 

cocoons 

13 frs Forestry Forestry Forestry 

14 fsh Fishing Fishing Fishing 

15 coa Coal Mining Mining 

16 oil Oil Mining Manufacturing 

17 gas Gas Mining Services 

18 omn Minerals nec Mining  

19 cmt 

Meat: 

Cattle,sheep,goats,horse Manufacturing  

20 omt Meat products nec Manufacturing  

21 vol Vegetable oils and fats Manufacturing  

22 mil Dairy products Manufacturing  

23 pcr Processed rice Manufacturing  

24 sgr Sugar Manufacturing   

25 ofd Food products nec Manufacturing   
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No. 

GTAP Sectors 

Coding Name Details of the Sectors 

Mapping for Top-

down Model Final Aggregation 

26 b_t 

Beverages and tobacco 

products Manufacturing   

27 tex Textiles Manufacturing   

28 wap Wearing apparel Manufacturing   

29 lea Leather products Manufacturing   

30 lum Wood products Manufacturing   

31 ppp Paper products, publishing Manufacturing   

32 p_c Petroleum,coal products Manufacturing   

33 crp 

Chemical ,rubber,plastic 

prods Manufacturing   

34 nmm Mineral products nec Manufacturing   

35 i_s Ferrous metals Manufacturing   

36 nfm Metals nec Manufacturing   

37 fmp Metal products Manufacturing   

38 mvh Motor vehicles and parts Manufacturing   

39 otn Transport equipment nec Manufacturing   

40 ele Electronic equipment Manufacturing   

41 ome 

Machinery and equipment 

nec Manufacturing   

42 omf Manufactures nec Manufacturing   

43 ely Electricity Services   

44 gdt 

Gas manufacture, 

distribution Services   

45 wtr Water Services   

46 cns Construction Services   

47 trd Trade Services   

48 otp Transport nec Services   

49 wtp Sea transport Services   

50 atp Air transport Services   

51 cmn Communication Services   



304 

No. 

GTAP Sectors 

Coding Name Details of the Sectors 

Mapping for Top-

down Model Final Aggregation 

52 ofi Financial services nec Services   

53 isr Insurance Services   

54 obs Business services nec Services   

55 ros 

Recreation and other 

services Services   

56 osg 

PubAdmin/Defence/Health

/Educat Services   

57 dwe Dwellings Services   
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Appendix 4B: Industry Output Shares across Districts for Top-down Model34 
Industries 1 

Bghat 

2 

Cdnga 

3 Jsore 4 Jidah 5 Khlna 6 Kshta 7 Mgura 8 Mhpur 9 Nrail 10 Skhra 11 Bogra 12 Jyhat 13 Ngaon 14 Ntore 15 Cganj 16 Pabna 

Paddy rice 1.26% 0.70% 2.86% 1.73% 0.98% 1.40% 0.86% 0.51% 0.69% 1.59% 3.38% 1.03% 3.86% 1.36% 1.33% 1.55% 

Wheat 0.05% 1.20% 1.03% 1.79% 0.05% 3.43% 2.27% 3.82% 0.70% 0.28% 0.35% 0.46% 3.05% 6.94% 4.07% 9.24% 

Other cereal grains 0.05% 20.63% 0.02% 3.22% 0.10% 2.55% 0.20% 1.03% 0.00% 0.03% 3.25% 0.21% 0.21% 0.35% 0.88% 0.14% 

Vegetables, fruits, nuts 0.42% 1.66% 1.44% 2.35% 0.44% 1.00% 0.22% 0.87% 0.30% 0.90% 5.43% 2.96% 2.93% 0.63% 1.84% 1.38% 

Oil seeds 0.14% 1.20% 5.00% 1.15% 0.79% 1.26% 2.02% 1.94% 1.36% 0.89% 3.16% 0.42% 3.03% 2.71% 0.80% 5.03% 

Sugar cane 0.49% 3.14% 0.53% 4.41% 0.14% 4.66% 0.25% 1.25% 0.62% 0.62% 0.61% 0.82% 1.88% 18.37% 2.32% 3.76% 

Plant-based fibres 0.20% 3.57% 4.73% 3.63% 0.10% 5.55% 4.82% 3.71% 3.16% 1.44% 2.31% 0.33% 0.90% 2.29% 0.02% 4.95% 

Other crops 0.29% 1.34% 1.85% 2.61% 0.12% 4.63% 5.61% 1.35% 1.83% 0.45% 1.01% 0.17% 0.62% 4.99% 1.23% 5.54% 

Cattle, sheep, goats 2.21% 1.22% 2.31% 1.20% 1.48% 2.21% 0.91% 0.97% 0.37% 1.78% 2.47% 1.39% 2.66% 1.96% 0.95% 1.43% 

Other Animal Products 0.76% 0.69% 2.95% 1.54% 1.47% 1.03% 0.94% 0.62% 0.67% 2.18% 2.71% 1.10% 3.03% 0.97% 0.91% 1.75% 

Raw milk 0.36% 0.24% 0.91% 0.23% 0.54% 0.54% 0.15% 0.15% 0.06% 0.72% 1.02% 0.27% 0.36% 0.51% 0.09% 3.40% 

Wool, silk-worm cocoons 0.00% 0.00% 0.00% 0.09% 0.00% 0.36% 0.01% 0.00% 0.00% 0.00% 0.06% 0.00% 0.00% 0.00% 0.91% 0.00% 

Forestry 4.31% 0.01% 0.00% 0.00% 14.55% 0.00% 0.00% 0.00% 0.00% 11.01% 0.03% 0.00% 0.14% 0.05% 0.00% 0.00% 

Fishing 2.27% 0.46% 3.78% 1.35% 2.17% 0.36% 0.42% 0.33% 0.21% 2.36% 2.14% 0.64% 3.12% 1.77% 0.41% 0.14% 

Mining 0.02% 0.00% 0.23% 0.64% 5.91% 0.00% 0.14% 0.00% 0.00% 0.39% 0.00% 0.05% 0.03% 0.00% 0.00% 0.11% 

Manufacturing 0.22% 0.22% 1.02% 0.42% 0.76% 1.28% 0.26% 0.08% 0.13% 0.64% 1.22% 0.24% 0.87% 0.31% 0.31% 1.13% 

Services 1.05% 0.73% 2.35% 1.19% 1.95% 1.31% 0.62% 0.38% 0.38% 1.33% 2.17% 0.64% 1.61% 1.07% 0.92% 1.54% 

 

 

                                                 

34 For any unavailable data, this study has made some average estimation or put zero values.  
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Industries 17 

Rjshi 

18 Sganj 19 Djpur 20 Gbdha 21 Kgram 22 Lrhat 23 Nmari 24 Pgarh 25 Rgpur 26 Tgaon 27 Hganj 28 Mlbzr 29 Sngnj 30 

Sylht 

31 Bguna 32 Brisl 

Paddy rice 1.54% 1.89% 3.69% 1.88% 1.63% 1.04% 1.46% 1.16% 2.42% 1.59% 2.09% 1.56% 2.00% 2.12% 1.04% 3.05% 

Wheat 8.35% 0.64% 5.69% 0.57% 2.53% 0.35% 1.20% 4.66% 0.95% 12.10% 0.11% 0.02% 0.14% 0.05% 0.00% 0.21% 

Other cereal grains 3.19% 1.32% 21.44% 2.86% 0.81% 6.20% 3.66% 1.50% 5.17% 8.27% 0.00% 0.00% 0.01% 0.00% 0.09% 0.02% 

Vegetables, fruits, nuts 4.59% 1.22% 4.28% 1.18% 3.18% 0.98% 2.34% 1.39% 4.63% 2.74% 0.54% 1.08% 0.77% 0.80% 0.71% 0.54% 

Oil seeds 6.20% 9.31% 1.75% 0.32% 1.51% 0.24% 0.14% 0.93% 0.05% 0.72% 0.10% 0.09% 0.28% 0.26% 0.05% 0.33% 

Sugar cane 11.15% 0.91% 2.62% 2.54% 0.19% 0.08% 0.10% 4.19% 1.72% 4.66% 0.76% 0.04% 0.04% 0.00% 0.05% 0.55% 

Plant-based fibres 1.61% 3.64% 0.69% 1.52% 2.75% 1.03% 1.57% 1.33% 1.46% 1.38% 1.66% 0.00% 0.01% 0.00% 0.00% 0.68% 

Other crops 3.66% 2.86% 0.65% 0.30% 0.63% 1.34% 1.16% 0.51% 1.47% 0.29% 0.09% 0.11% 0.09% 1.21% 1.51% 4.18% 

Cattle, sheep, goats 3.06% 2.63% 3.18% 2.14% 2.44% 1.10% 2.23% 1.24% 2.80% 1.57% 1.08% 0.87% 1.17% 2.71% 0.69% 1.35% 

Other animal Products 2.26% 1.93% 2.23% 2.33% 1.00% 0.91% 1.00% 0.69% 2.33% 0.82% 1.33% 1.11% 0.66% 0.97% 1.10% 2.33% 

Raw milk 0.53% 6.12% 0.53% 0.28% 0.09% 0.14% 0.16% 0.09% 1.77% 45.01% 0.14% 0.16% 0.04% 0.29% 0.03% 0.49% 

Wool, silk-worm cocoons 0.14% 0.00% 0.31% 0.04% 0.00% 0.00% 0.00% 0.00% 0.00% 0.02% 97.61% 0.00% 0.00% 0.00% 0.00% 0.00% 

Forestry 0.10% 0.00% 0.57% 0.00% 0.00% 0.00% 0.09% 0.16% 0.11% 0.04% 0.84% 2.27% 0.19% 0.77% 0.70% 0.00% 

Fishing 2.64% 2.09% 1.36% 0.27% 0.80% 0.32% 0.35% 0.38% 1.41% 0.62% 1.90% 0.98% 4.28% 1.41% 2.75% 6.42% 

Mining 0.01% 0.00% 3.17% 0.00% 0.00% 0.00% 5.58% 37.78% 0.00% 0.11% 0.01% 0.06% 10.93% 11.04% 0.00% 0.00% 

Manufacturing 0.40% 2.99% 0.62% 0.42% 0.22% 0.12% 0.26% 0.13% 0.56% 0.25% 0.29% 0.46% 0.23% 0.44% 0.07% 0.82% 

Services 1.94% 1.74% 2.26% 1.50% 1.11% 0.67% 1.17% 0.64% 2.17% 0.91% 0.84% 0.90% 0.96% 2.38% 0.45% 1.38% 
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Industries 33 Bhola 34 Jkati 35 Pkhli 36  Pjpur 37 Bdrbn 38 Bbria 39 Cdpur 40 Cgong 41 Cmlla 42 Cxbzr 43 Feni 44 Kchri 45 Lxpur 46 Nkhli 47 Rmati 48 Dhaka 

Paddy rice 2.54% 0.68% 2.80% 1.04% 0.17% 1.58% 1.13% 2.42% 2.96% 0.92% 0.86% 0.38% 1.23% 2.07% 0.21% 0.59% 

Wheat 0.69% 0.00% 0.02% 0.00% 0.00% 0.93% 0.42% 0.00% 0.64% 0.00% 0.02% 0.00% 0.01% 0.01% 0.01% 0.10% 

Other cereal 

grains 

0.08% 0.03% 0.07% 0.13% 0.04% 0.02% 0.88% 0.01% 2.74% 0.02% 0.00% 0.11% 0.01% 0.00% 0.29% 2.15% 

Vegetables, fruits, 

nuts 

1.21% 0.47% 3.64% 0.39% 0.42% 0.77% 1.68% 3.59% 2.18% 1.95% 0.24% 1.15% 0.68% 1.29% 1.09% 1.08% 

Oil seeds 0.52% 0.09% 2.33% 0.07% 0.23% 1.59% 0.43% 0.14% 1.23% 0.05% 0.10% 0.07% 0.36% 0.01% 0.50% 4.48% 

Sugar cane 0.33% 0.43% 0.06% 0.16% 0.07% 0.01% 0.48% 0.96% 0.23% 0.31% 0.15% 0.39% 0.20% 0.10% 0.21% 0.25% 

Plant-based fibres 0.01% 0.01% 0.00% 0.00% 0.44% 0.56% 0.71% 0.04% 0.26% 0.01% 0.00% 0.13% 0.02% 0.00% 0.24% 0.92% 

Other crops 4.95% 0.31% 4.69% 0.24% 0.76% 0.65% 0.50% 3.21% 1.09% 1.25% 0.21% 1.02% 0.40% 0.98% 0.77% 0.66% 

Cattle, sheep, 

goats 

1.25% 0.36% 1.06% 0.84% 0.23% 1.11% 0.92% 2.00% 3.97% 3.03% 0.61% 0.48% 0.73% 1.17% 0.29% 1.13% 

Other animal 

Products 

1.97% 0.62% 1.69% 1.09% 0.18% 1.84% 2.34% 3.27% 5.10% 1.13% 1.17% 0.66% 2.01% 3.29% 0.36% 0.92% 

Raw milk 0.22% 0.06% 0.25% 0.19% 0.03% 0.33% 0.39% 9.10% 0.53% 0.14% 0.17% 0.09% 0.13% 0.48% 0.07% 1.27% 

Wool, silk-worm 

cocoons 

0.00% 0.00% 0.00% 0.00% 0.01% 0.00% 0.00% 0.00% 0.06% 0.00% 0.00% 0.05% 0.00% 0.00% 0.27% 0.00% 

Forestry 1.19% 0.00% 0.51% 0.06% 19.59% 0.00% 0.00% 7.98% 0.02% 4.30% 0.05% 4.68% 0.02% 2.42% 16.03% 0.00% 

Fishing 2.83% 0.32% 0.42% 0.42% 0.01% 2.37% 3.09% 1.95% 4.30% 3.01% 0.42% 0.05% 3.36% 5.36% 0.32% 0.63% 

Mining 0.00% 0.00% 0.00% 0.80% 0.00% 0.30% 0.00% 8.21% 0.02% 2.67% 0.00% 0.00% 0.00% 0.04% 0.00% 6.39% 

Manufacturing 0.13% 0.07% 0.16% 0.18% 0.15% 0.47% 0.30% 2.23% 0.12% 0.17% 0.33% 0.08% 0.38% 0.36% 0.29% 10.21% 

Services 0.95% 0.43% 0.99% 0.71% 0.33% 1.51% 1.54% 6.42% 1.37% 1.35% 1.11% 0.41% 1.03% 1.77% 0.68% 19.03% 
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Industries 49 Fdpur 50 Gzpur 51 Gganj 52 Jmlpr 53 Krgonj 54 Mdpur 55 Mkganj 56 Mhgnj 57 Mysgh 58 Nganj 59 Nsgdi 60 Nkona 61 Rbari 62 Stpur 63 Srpur 64 Tgail 

Paddy rice 0.94% 0.91% 1.01% 2.10% 2.04% 0.57% 0.82% 0.37% 4.84% 0.37% 0.78% 2.59% 0.55% 0.47% 2.21% 2.67% 

Wheat 7.18% 0.75% 1.15% 1.18% 0.30% 0.99% 0.38% 0.18% 0.43% 0.10% 0.25% 0.23% 4.83% 0.96% 0.25% 1.73% 

Other cereal grains 0.04% 0.05% 0.00% 1.32% 1.40% 0.01% 2.11% 0.62% 0.15% 0.02% 0.03% 0.00% 0.07% 0.01% 0.18% 0.04% 

Vegetables, fruits, nuts 0.78% 1.78% 0.46% 2.42% 1.33% 0.38% 0.63% 2.89% 1.70% 0.51% 0.93% 0.78% 0.46% 3.69% 0.73% 2.98% 

Oil seeds 3.04% 0.58% 1.72% 4.31% 1.17% 1.11% 6.54% 0.01% 0.54% 0.26% 0.61% 0.76% 1.57% 1.61% 0.85% 9.97% 

Sugar cane 4.32% 1.90% 0.77% 4.33% 0.10% 0.52% 1.81% 0.28% 2.33% 0.07% 0.11% 0.02% 3.46% 0.41% 0.13% 1.65% 

Plant-based fibres 7.09% 0.25% 2.35% 1.90% 1.53% 4.12% 0.94% 0.69% 1.39% 0.09% 0.60% 0.99% 5.47% 3.79% 1.30% 3.12% 

Other crops 5.80% 0.23% 2.21% 1.95% 0.67% 1.42% 2.46% 0.05% 0.73% 0.13% 0.19% 0.29% 3.78% 2.01% 0.35% 2.32% 

Cattle, sheep, goats 1.65% 1.37% 0.77% 2.00% 1.84% 0.72% 1.20% 0.40% 5.11% 0.32% 1.52% 1.77% 0.89% 0.74% 1.41% 3.37% 

Other Animal Products 1.28% 0.83% 0.97% 6.08% 1.97% 0.59% 0.62% 0.62% 4.21% 0.77% 0.94% 1.67% 0.75% 1.03% 1.13% 2.57% 

Raw milk 0.67% 1.48% 0.10% 0.28% 0.23% 0.49% 0.36% 1.19% 0.48% 1.68% 0.33% 11.48% 0.82% 0.05% 0.30% 1.22% 

Wool, silk-worm cocoons 0.01% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 0.00% 0.00% 0.00% 0.05% 0.00% 0.00% 0.00% 

Forestry 0.00% 1.96% 0.00% 0.13% 0.00% 0.00% 0.00% 0.00% 1.06% 0.00% 0.00% 0.07% 0.00% 0.00% 0.37% 3.66% 

Fishing 0.42% 1.04% 0.49% 0.78% 4.18% 0.58% 1.49% 0.78% 3.87% 1.23% 0.53% 1.99% 0.19% 0.56% 0.48% 2.67% 

Mining 0.00% 1.70% 0.00% 0.17% 0.00% 0.00% 0.00% 0.00% 0.06% 1.50% 0.60% 1.34% 0.00% 0.00% 0.00% 0.00% 

Manufacturing 0.43% 2.43% 0.12% 0.29% 0.99% 0.16% 0.29% 54.67% 0.85% 3.09% 0.93% 0.31% 0.20% 0.14% 0.24% 1.89% 

Services 1.10% 1.99% 0.60% 1.28% 1.71% 0.86% 0.74% 0.85% 2.54% 1.97% 1.35% 0.96% 0.68% 0.67% 0.71% 2.14% 
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Appendix 4C: Sectoral Aggregation for BD-TERM Model 

No 

GTAP Sectors 

Coding Name 

Details of the Sectors Mapping for BD-

TERM Model 

Final 

Aggregation 

1 pdr Paddy rice Paddy Paddy 

2 wht Wheat Wheat Wheat 

3 gro Cereal grains nec Grains Grains 

4 v_f Vegetables, fruit, nuts Vegs Vegs 

5 osd Oil seeds Oilseeds Oilseeds 

6 c_b Sugar cane, sugar beet Sugarcane Sugarcane 

7 pfb Plant-based fibers Fibres Fibres 

8 ocr Crops nec Othercrops Othercrops 

9 ctl Cattle, sheep,goats, horses CattleProds CattleProds 

10 oap Animal products nec CattleProds Wol 

11 rmk Raw milk CattleProds ForestFish 

12 wol Wool, silk-worm cocoons Wol Minings 

13 frs Forestry ForestFish FoodMnfc 

14 fsh Fishing ForestFish Textile 

15 coa Coal Mining Wap 

16 oil Oil Mining Woodlea 

17 gas Gas Mining Omf 

18 omn Minerals nec Mining Elecgaswatr 

19 cmt Meat: cattle, sheep, goats, horse CattleProds Construction 

20 omt Meat products nec CattleProds Trade 

21 vol Vegetable oils and fats FoodMnfc Transport 

22 mil Dairy products FoodMnfc Otherservcs 

23 pcr Processed rice FoodMnfc Insurance 

24 sgr Sugar FoodMnfc Publicservcs 

25 ofd Food products nec FoodMnfc dwe 

26 b_t Beverages and tobacco products FoodMnfc 
 

27 tex Textiles Textile 
 

28 wap Wearing apparel Wap 
 

29 lea Leather products Woodlea 
 

30 lum Wood products Woodlea 
 

31 ppp Paper products, publishing Omf 
 

32 p_c Petroleum, coal products Omf 
 

33 crp Chemical, rubber, plastic prods Omf 
 

34 nmm Mineral products nec Omf 
 

35 i_s Ferrous metals Omf 
 

36 nfm Metals nec Omf 
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No GTAP Sectors 

Coding Name 

Details of the Sectors Mapping for BD-

TERM Model 

Final 

Aggregation 

37 fmp Metal products Omf 
 

38 mvh Motor vehicles and parts Omf 
 

39 otn Transport equipment nec Omf 
 

40 ele Electronic equipment Omf 
 

41 ome Machinery and equipment nec Omf 
 

42 omf Manufactures nec Omf 
 

43 ely Electricity Elecgaswatr 
 

44 gdt Gas manufacture, distribution Elecgaswatr 
 

45 wtr Water Elecgaswatr 
 

46 cns Construction Construction 
 

47 trd Trade Trade 
 

48 otp Transport nec Transport 
 

49 wtp Sea transport Transport 
 

50 atp Air transport Transport 
 

51 cmn Communication Otherservcs 
 

52 ofi Financial services nec Otherservcs 
 

53 isr Insurance Insurance 
 

54 obs Business services nec Publicservcs 
 

55 ros Recreation and other services Publicservcs 
 

56 osg PubAdmin/Defence/Health/Educat Publicservcs 
 

57 dwe Dwellings dwe 
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Appendix 4D: Industry Output Shares across Districts for BD-TERM Model35 
Industries Bagerhat Chuadanga Jessore  Jhenaidah Khulna Kushtia Magura Meherpur Narail Satkhira Bogra Joypurhat Naogaon Natore Chapainababganj Pabna 

Paddy 1.26% 0.70% 2.86% 1.73% 0.98% 1.40% 0.86% 0.51% 0.69% 1.59% 3.38% 1.03% 3.86% 1.36% 1.33% 1.55% 

Wheat 0.05% 1.20% 1.03% 1.79% 0.05% 3.43% 2.27% 3.82% 0.70% 0.28% 0.35% 0.46% 3.05% 6.94% 4.07% 9.24% 

Grains 0.05% 20.63% 0.02% 3.22% 0.10% 2.55% 0.20% 1.03% 0.00% 0.03% 3.25% 0.21% 0.21% 0.35% 0.88% 0.14% 

Vegs 0.42% 1.66% 1.44% 2.35% 0.44% 1.00% 0.22% 0.87% 0.30% 0.90% 5.43% 2.96% 2.93% 0.63% 1.84% 1.38% 

Oilseeds 0.14% 1.20% 5.00% 1.15% 0.79% 1.26% 2.02% 1.94% 1.36% 0.89% 3.16% 0.42% 3.03% 2.71% 0.80% 5.03% 

Sugarcane 0.49% 3.14% 0.53% 4.41% 0.14% 4.66% 0.25% 1.25% 0.62% 0.62% 0.61% 0.82% 1.88% 18.37% 2.32% 3.76% 

Fibres 0.19% 3.65% 4.80% 3.53% 0.11% 5.66% 5.01% 3.84% 3.06% 1.50% 2.40% 0.34% 0.92% 2.37% 0.02% 5.15% 

Othercrops 0.29% 1.34% 1.85% 2.61% 0.12% 4.63% 5.61% 1.35% 1.83% 0.45% 1.01% 0.17% 0.62% 4.99% 1.23% 5.54% 

CattleProds 1.11% 0.71% 2.06% 0.99% 1.16% 1.26% 0.66% 0.58% 0.37% 1.56% 2.07% 0.92% 2.02% 1.15% 0.65% 2.19% 

Wol 0.41% 1.19% 2.13% 4.34% 0.00% 2.19% 0.10% 0.33% 3.93% 0.09% 0.09% 0.03% 0.24% 0.26% 0.28% 0.00% 

Forest Fish 3.30% 0.09% 1.13% 0.49% 8.27% 0.39% 0.38% 0.07% 0.26% 5.79% 0.69% 0.16% 0.74% 0.97% 0.21% 0.00% 

Mining 0.02% 0.00% 0.23% 0.64% 5.91% 0.00% 0.14% 0.00% 0.00% 0.39% 0.00% 0.05% 0.03% 0.00% 0.00% 0.11% 

FoodMnfc 1.27% 0.81% 2.03% 1.36% 1.48% 3.66% 0.44% 0.58% 0.73% 1.38% 5.13% 0.74% 2.72% 2.07% 0.72% 4.71% 

Textile 0.00% 0.00% 0.66% 0.06% 1.92% 0.08% 0.08% 0.00% 0.00% 0.00% 0.17% 0.00% 0.02% 0.00% 0.01% 0.17% 

Wap 0.01% 0.76% 1.33% 2.84% 0.80% 7.16% 0.07% 0.35% 0.19% 1.12% 2.38% 0.40% 0.80% 0.61% 0.64% 10.07% 

Woodlea 1.29% 0.58% 2.58% 1.09% 1.78% 1.95% 0.68% 1.23% 0.44% 0.80% 2.68% 0.63% 1.95% 1.01% 0.36% 2.00% 

Omf 1.28% 1.96% 2.74% 0.77% 1.85% 1.08% 5.36% 0.16% 0.15% 0.80% 4.19% 0.61% 1.10% 1.54% 1.07% 1.59% 

Elecgaswatr 1.62% 0.64% 0.52% 1.18% 3.85% 1.08% 0.06% 0.06% 0.54% 1.28% 2.76% 0.80% 0.90% 1.82% 0.13% 1.07% 

Construction 0.70% 1.08% 1.12% 0.39% 0.79% 0.79% 1.12% 0.04% 0.07% 1.80% 0.52% 0.13% 0.47% 0.34% 0.29% 1.26% 

Trade 0.98% 0.83% 2.59% 1.32% 2.20% 1.20% 0.75% 0.37% 0.38% 1.38% 2.11% 0.61% 1.65% 1.10% 0.86% 1.56% 

Transport 2.45% 1.24% 2.52% 1.27% 2.31% 1.52% 0.77% 0.58% 0.37% 1.78% 1.58% 0.57% 1.74% 0.95% 1.54% 1.17% 

Otherservcs 1.16% 0.66% 2.09% 1.07% 2.28% 0.82% 0.47% 0.51% 0.29% 1.29% 2.59% 0.78% 1.15% 0.83% 1.01% 1.61% 

Insurance 0.71% 0.39% 1.55% 0.70% 0.89% 0.07% 0.15% 0.25% 0.28% 0.95% 1.91% 0.48% 1.39% 0.92% 0.71% 1.77% 

Publicservcs 1.53% 0.71% 2.44% 1.33% 2.03% 0.32% 0.71% 0.51% 0.54% 1.47% 2.83% 0.91% 1.79% 1.26% 1.30% 1.48% 

dwe 1.03% 0.79% 1.93% 1.23% 1.61% 1.36% 0.64% 0.46% 0.50% 1.39% 2.37% 0.64% 1.81% 1.19% 1.15% 1.76% 

 

                                                 

35 For any unavailable data, either an average estimation has made or zero values have chosen.  
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Industries Rajshahi Sirajganj Dinajpur Gaibandha Kurigram Lalmonirhat Nilphamari Panchagarh Rangpur Thakurgaon Habiganj Maulvibazar Sunamganj Sylhet Barguna Barisal 

Paddy 1.54% 1.89% 3.69% 1.88% 1.63% 1.04% 1.46% 1.16% 2.42% 1.59% 2.09% 1.56% 2.00% 2.12% 1.04% 3.05% 

Wheat 8.35% 0.64% 5.69% 0.57% 2.53% 0.35% 1.20% 4.66% 0.95% 12.10% 0.11% 0.02% 0.14% 0.05% 0.00% 0.21% 

Grains 3.19% 1.32% 21.44% 2.86% 0.81% 6.20% 3.66% 1.50% 5.17% 8.27% 0.00% 0.00% 0.01% 0.00% 0.09% 0.02% 

Vegs 4.59% 1.22% 4.28% 1.18% 3.18% 0.98% 2.34% 1.39% 4.63% 2.74% 0.54% 1.08% 0.77% 0.80% 0.71% 0.54% 

Oilseeds 6.20% 9.31% 1.75% 0.32% 1.51% 0.24% 0.14% 0.93% 0.05% 0.72% 0.10% 0.09% 0.28% 0.26% 0.05% 0.33% 

Sugarcane 11.15% 0.91% 2.62% 2.54% 0.19% 0.08% 0.10% 4.19% 1.72% 4.66% 0.76% 0.04% 0.04% 0.00% 0.05% 0.55% 

Fibres 1.68% 3.78% 0.70% 1.56% 2.85% 1.04% 1.61% 1.38% 1.49% 1.44% 0.04% 0.00% 0.01% 0.00% 0.00% 0.58% 

Othercrops 3.66% 2.86% 0.65% 0.30% 0.63% 1.34% 1.16% 0.51% 1.47% 0.29% 0.09% 0.11% 0.09% 1.21% 1.51% 4.18% 

CattleProds 1.95% 3.56% 1.98% 1.58% 1.18% 0.72% 1.13% 0.67% 2.30% 15.80% 0.85% 0.72% 0.62% 1.32% 0.61% 1.39% 

Wol 0.05% 0.20% 0.34% 0.27% 0.09% 0.57% 0.40% 0.01% 0.49% 0.01% 58.52% 0.00% 0.00% 0.00% 0.06% 2.10% 

ForestFish 0.29% 0.80% 0.66% 0.70% 0.40% 0.12% 0.21% 0.33% 0.57% 0.11% 2.88% 2.71% 0.09% 2.58% 2.29% 1.96% 

Minings 0.01% 0.00% 3.17% 0.00% 0.00% 0.00% 5.58% 37.78% 0.00% 0.11% 0.01% 0.06% 10.93% 11.04% 0.00% 0.00% 

FoodMnfc 1.66% 3.49% 5.18% 1.55% 1.14% 1.05% 0.58% 1.12% 4.05% 1.14% 4.98% 0.34% 0.52% 2.15% 0.96% 2.17% 

Textile 0.17% 0.35% 0.07% 0.00% 0.00% 0.01% 0.31% 0.16% 0.04% 0.00% 0.03% 0.00% 0.00% 0.00% 0.00% 0.12% 

Wap 0.77% 23.57% 1.51% 0.73% 0.76% 0.18% 0.88% 0.37% 0.61% 0.70% 0.65% 0.23% 0.40% 0.96% 0.53% 0.70% 

Woodlea 1.85% 1.84% 3.57% 1.24% 0.99% 0.89% 1.58% 0.64% 1.65% 0.77% 0.93% 0.88% 1.04% 2.60% 1.35% 2.46% 

Omf 1.85% 3.16% 0.67% 0.54% 0.33% 0.24% 1.11% 0.10% 2.93% 0.43% 0.67% 0.14% 0.19% 0.77% 0.21% 5.30% 

Elecgaswatr 1.13% 1.36% 2.14% 0.18% 2.26% 0.40% 1.39% 0.18% 3.03% 2.56% 1.56% 0.38% 0.28% 1.36% 0.26% 0.51% 

Construction 5.62% 1.58% 0.62% 0.22% 0.79% 0.11% 0.96% 0.08% 2.07% 0.59% 0.11% 0.30% 0.11% 2.39% 0.01% 0.22% 

Trade 1.83% 1.96% 2.20% 1.59% 1.07% 0.71% 1.28% 0.59% 2.25% 0.88% 0.97% 1.06% 1.09% 2.75% 0.43% 0.70% 

Transport 3.90% 1.88% 1.47% 0.80% 0.75% 1.04% 0.95% 0.59% 2.21% 0.57% 0.70% 0.78% 0.65% 2.93% 0.16% 0.24% 

Otherservcs 2.34% 1.20% 2.13% 0.98% 0.88% 0.43% 0.67% 0.53% 2.00% 0.87% 0.69% 0.68% 0.45% 1.87% 0.48% 0.93% 

Insurance 1.26% 1.00% 1.97% 1.23% 0.78% 0.44% 0.74% 0.48% 1.37% 0.66% 0.51% 0.53% 0.58% 1.26% 0.31% 0.13% 

Publicservcs 2.65% 1.85% 3.12% 1.91% 1.80% 0.80% 1.42% 1.07% 2.79% 1.40% 0.85% 0.87% 1.13% 2.34% 0.78% 1.51% 

dwe 1.81% 2.16% 2.09% 1.65% 1.44% 0.88% 1.28% 0.69% 2.01% 0.97% 1.45% 1.34% 1.72% 2.39% 0.62% 1.61% 
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Industries Bhola Jhalokati Patuakhali Pirojpur Bandarban Brahmanbaria Chandpur Chittagong Comilla Cox's Bazar Feni Khagrachhari Lakshmipur Noakhali Rangamati Dhaka 

Paddy 2.54% 0.68% 2.80% 1.04% 0.17% 1.58% 1.13% 2.42% 2.96% 0.92% 0.86% 0.38% 1.23% 2.07% 0.21% 0.59% 

Wheat 0.69% 0.00% 0.02% 0.00% 0.00% 0.93% 0.42% 0.00% 0.64% 0.00% 0.02% 0.00% 0.01% 0.01% 0.01% 0.10% 

Grains 0.08% 0.03% 0.07% 0.13% 0.04% 0.02% 0.88% 0.01% 2.74% 0.02% 0.00% 0.11% 0.01% 0.00% 0.29% 2.15% 

Vegs 1.21% 0.47% 3.64% 0.39% 0.42% 0.77% 1.68% 3.59% 2.18% 1.95% 0.24% 1.15% 0.68% 1.29% 1.09% 1.08% 

Oilseeds 0.52% 0.09% 2.33% 0.07% 0.23% 1.59% 0.43% 0.14% 1.23% 0.05% 0.10% 0.07% 0.36% 0.01% 0.50% 4.48% 

Sugarcane 0.33% 0.43% 0.06% 0.16% 0.07% 0.01% 0.48% 0.96% 0.23% 0.31% 0.15% 0.39% 0.20% 0.10% 0.21% 0.25% 

Fibres 0.01% 0.01% 0.00% 0.00% 0.00% 0.59% 0.73% 0.00% 0.27% 0.00% 0.00% 0.00% 0.02% 0.00% 0.00% 0.95% 

Othercrops 4.95% 0.31% 4.69% 0.24% 0.76% 0.65% 0.50% 3.21% 1.09% 1.25% 0.21% 1.02% 0.40% 0.98% 0.77% 0.66% 

CattleProds 1.15% 0.35% 1.00% 0.70% 0.15% 1.09% 1.22% 4.79% 3.20% 1.43% 0.65% 0.41% 0.96% 1.65% 0.24% 1.11% 

Wol 0.00% 0.01% 0.05% 0.00% 7.96% 0.01% 0.11% 0.76% 0.08% 0.09% 0.00% 2.34% 0.00% 0.00% 4.34% 0.00% 

ForestFish 5.93% 0.09% 2.08% 0.80% 9.81% 1.72% 1.12% 5.09% 0.96% 4.72% 0.25% 2.45% 1.79% 2.23% 8.35% 0.92% 

Minings 0.00% 0.00% 0.00% 0.80% 0.00% 0.30% 0.00% 8.21% 0.02% 2.67% 0.00% 0.00% 0.00% 0.04% 0.00% 6.39% 

FoodMnfc 0.58% 0.26% 1.21% 0.67% 0.14% 1.63% 1.12% 3.02% 1.87% 0.63% 0.47% 0.24% 0.47% 1.56% 0.29% 1.15% 

Textile 0.00% 0.00% 0.03% 0.00% 0.00% 0.00% 0.11% 1.32% 0.58% 0.00% 0.06% 0.00% 0.00% 0.13% 0.02% 65.00% 

Wap 0.51% 0.18% 0.81% 0.62% 0.11% 0.95% 0.67% 2.70% 1.90% 0.99% 0.28% 0.59% 0.46% 0.69% 0.12% 3.68% 

Woodlea 2.21% 0.92% 1.68% 2.48% 0.24% 1.55% 2.02% 4.43% 5.40% 0.55% 1.36% 0.00% 1.11% 3.36% 0.29% 2.56% 

Omf 0.31% 0.09% 0.49% 0.51% 0.05% 1.05% 0.44% 8.65% 3.76% 0.40% 0.29% 0.30% 0.60% 1.31% 0.27% 7.73% 

Elecgaswatr 1.14% 0.16% 0.35% 0.66% 0.02% 1.08% 0.20% 12.07% 0.23% 0.92% 0.21% 0.02% 1.72% 2.32% 0.14% 34.18% 

Construction 0.59% 0.02% 0.32% 0.14% 0.80% 0.57% 0.22% 2.25% 0.13% 0.62% 0.26% 0.18% 0.58% 0.75% 0.07% 46.10% 

Trade 1.02% 0.38% 1.02% 0.66% 0.26% 1.83% 1.69% 7.63% 1.62% 1.64% 1.29% 0.43% 1.91% 2.12% 0.56% 14.39% 

Transport 0.24% 0.15% 0.32% 0.33% 0.13% 1.51% 1.60% 6.30% 1.20% 0.70% 0.73% 0.22% 1.43% 1.67% 0.22% 22.84% 

Otherservcs 0.94% 0.53% 1.36% 1.03% 0.24% 0.98% 1.48% 7.52% 0.60% 0.55% 0.58% 0.20% 0.91% 1.14% 0.49% 28.73% 

Insurance 0.53% 0.33% 0.61% 0.50% 0.18% 0.88% 1.12% 3.55% 1.54% 0.84% 0.73% 0.33% 0.41% 1.15% 0.33% 46.46% 

Publicservcs 1.38% 0.74% 1.44% 1.21% 0.87% 1.21% 1.55% 4.72% 0.60% 1.17% 1.08% 0.56% 1.16% 1.35% 1.81% 13.28% 

dwe 1.24% 0.42% 1.07% 0.78% 0.27% 1.97% 1.68% 5.28% 3.73% 1.60% 1.00% 0.43% 1.20% 2.16% 0.42% 8.34% 
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Industries Faridpur Gazipur Gopalganj Jamalpur Kishoregon

j 

Madarip

ur 

Manikga

nj 

Munshig

anj 

Mymensing

h 

Narayanga

nj 

Narsingd

i 

Netrakon

a 

Rajbari Shariatp

ur 

Sherpur Tangail 

Paddy 0.94% 0.91% 1.01% 2.10% 2.04% 0.57% 0.82% 0.37% 4.84% 0.37% 0.78% 2.59% 0.55% 0.47% 2.21% 2.67% 

Wheat 7.18% 0.75% 1.15% 1.18% 0.30% 0.99% 0.38% 0.18% 0.43% 0.10% 0.25% 0.23% 4.83% 0.96% 0.25% 1.73% 

Grains 0.04% 0.05% 0.00% 1.32% 1.40% 0.01% 2.11% 0.62% 0.15% 0.02% 0.03% 0.00% 0.07% 0.01% 0.18% 0.04% 

Vegs 0.78% 1.78% 0.46% 2.42% 1.33% 0.38% 0.63% 2.90% 1.70% 0.51% 0.93% 0.78% 0.46% 3.69% 0.73% 2.98% 

Oilseeds 3.04% 0.58% 1.72% 4.31% 1.17% 1.11% 6.54% 0.01% 0.54% 0.26% 0.61% 0.76% 1.57% 1.61% 0.85% 9.97% 

Sugarcane 4.32% 1.90% 0.77% 4.33% 0.10% 0.52% 1.81% 0.28% 2.33% 0.07% 0.11% 0.02% 3.46% 0.41% 0.13% 1.65% 

Fibres 7.36% 0.26% 2.31% 1.98% 1.59% 4.28% 0.98% 0.71% 1.42% 0.09% 0.63% 1.02% 5.69% 3.92% 1.36% 3.13% 

Othercrops 5.80% 0.23% 2.21% 1.95% 0.67% 1.42% 2.46% 0.05% 0.73% 0.13% 0.19% 0.29% 3.78% 2.01% 0.35% 2.32% 

CattleProds 1.20% 1.22% 0.61% 2.79% 1.35% 0.60% 0.73% 0.74% 3.27% 0.92% 0.93% 4.97% 0.82% 0.61% 0.95% 2.39% 

Wol 0.21% 0.00% 2.42% 0.00% 0.04% 0.11% 0.00% 0.00% 0.36% 0.00% 0.03% 0.04% 0.05% 0.38% 0.00% 1.91% 

ForestFish 0.41% 1.22% 0.34% 0.77% 1.52% 0.64% 0.62% 0.12% 1.37% 0.24% 0.40% 0.90% 0.20% 0.40% 0.33% 2.59% 

Minings 0.00% 1.70% 0.00% 0.17% 0.00% 0.00% 0.00% 0.00% 0.06% 1.50% 0.60% 1.34% 0.00% 0.00% 0.00% 0.00% 

FoodMnfc 1.20% 0.50% 0.58% 1.34% 1.90% 0.40% 1.67% 0.73% 3.33% 1.47% 0.76% 1.34% 1.75% 1.13% 1.48% 3.23% 

Textile 0.97% 9.43% 0.00% 0.32% 0.06% 0.10% 0.15% 0.08% 4.73% 8.79% 3.03% 0.01% 0.10% 0.00% 0.00% 0.57% 

Wap 0.78% 0.56% 0.34% 0.45% 0.65% 0.56% 1.16% 0.38% 2.66% 4.14% 1.24% 0.56% 0.78% 0.55% 0.23% 6.64% 

Woodlea 1.43% 2.42% 0.90% 1.41% 1.55% 1.03% 1.01% 1.11% 3.51% 1.24% 1.39% 1.33% 0.72% 1.01% 0.99% 3.50% 

Omf 0.70% 10.13% 0.42% 2.53% 1.81% 0.24% 0.37% 0.40% 2.06% 4.73% 2.21% 0.52% 0.17% 0.50% 0.77% 1.33% 

Elecgaswatr 0.25% 0.96% 0.25% 0.37% 0.46% 0.42% 0.37% 0.06% 0.83% 1.69% 0.28% 0.22% 0.21% 0.12% 0.38% 0.46% 

Construction 1.12% 5.42% 0.24% 1.11% 1.24% 0.03% 0.23% 0.00% 3.37% 4.49% 0.58% 0.24% 0.34% 0.00% 0.14% 1.24% 

Trade 1.11% 2.15% 0.56% 1.37% 1.27% 0.64% 0.81% 0.99% 2.82% 2.36% 1.56% 1.14% 0.73% 0.73% 0.84% 1.27% 

Transport 1.37% 1.30% 0.41% 1.18% 1.15% 0.43% 0.62% 1.37% 3.69% 2.49% 1.08% 0.48% 0.89% 0.48% 0.34% 1.15% 

Otherservcs 0.97% 3.61% 0.43% 1.09% 0.91% 0.43% 0.84% 0.97% 1.73% 2.01% 0.76% 0.51% 0.38% 0.60% 0.50% 1.28% 

Insurance 1.01% 1.70% 0.52% 0.89% 0.06% 2.31% 0.63% 1.01% 1.54% 1.28% 1.00% 0.53% 0.46% 0.62% 0.44% 0.19% 

Publicservcs 1.20% 1.29% 0.89% 1.47% 1.94% 0.68% 0.62% 1.20% 2.71% 1.06% 1.16% 1.01% 0.76% 0.56% 0.64% 1.22% 

dwe 1.31% 2.34% 0.81% 1.59% 2.01% 0.81% 0.97% 1.00% 3.54% 2.04% 1.55% 1.55% 0.73% 0.81% 0.94% 2.51% 
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Appendix 4E: Regions Name and Coding For BD-TERM Aggregated Model 
Bangladesh 

Divisions Name 

Districts Name Districts 

Codes  

Mapping Results Districts Name Aggregated  

 
Bagerhat Bghat Khlna Khlna (Coastal) 

Rest of Khulna (RoK)(Non-Coastal)  
Chuadanga Cdnga RoK 

 
Jessore Jsore Khlna 

Khulna Jhenaidah Jidah RoK 

 
Khulna Khlna Khlna 

 
Kushtia Kshta RoK 

 
Magura Mgura RoK 

 
Meherpur Mhpur RoK 

 
Narail Nrail Khlna 

 
Satkhira Skhra Khlna 

 
Bogra Bogra Rjshi Rjshi (Non-Coastal) 

 
Joypurhat Jyhat Rjshi 

 
Naogaon Ngaon Rjshi 

 
Natore Ntore Rjshi 

Rajshahi Chapainababganj Cganj Rjshi 

 
Pabna Pabna Rjshi 

 
Rajshahi Rjshi Rjshi 

 
Sirajganj Sganj Rjshi 

 
Dinajpur Djpur Rgpur Rgpur(Non-Coastal) 

 
Gaibandha Gbdha Rgpur 

 
Kurigram Kgram Rgpur 

 
Lalmonirhat Lrhat Rgpur 

Rangpur Nilphamari Nmari Rgpur 

 
Panchagarh Pgarh Rgpur 

 
Rangpur Rgpur Rgpur 

 
Thakurgaon Tgaon Rgpur 

 
Habiganj Hganj Sylht Sylht (Non-Coastal) 

 
Maulvibazar Mlbzr Sylht 

Sylhet Sunamganj Sngnj Sylht 

 Sylhet Sylht Sylht 
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Bangladesh 

Divisions Name 

Districts Name Districts 

Codes  

Mapping Results Districts Name Aggregated  

 Barguna Bguna Brisl Brisl (Coastal) 

 
Barisal Brisl Brisl 

Barisal Bhola Bhola Brisl 

 
Jhalokati Jkati Brisl 

 
Patuakhali Pkhli Brisl 

 
Pirojpur Pjpur Brisl 

 
Bandarban Bdrbn RoC Cgong (Coastal) 

Rest of Chittagong (RoC) (Non-Coastal)  
Brahmanbaria Bbria RoC 

 
Chandpur Cdpur Cgong 

 
Chittagong Cgong Cgong 

Chittagong Comilla Cmlla RoC 

 
Cox's Bazar Cxbzr Cgong 

 
Feni Feni Cgong 

 
Khagrachhari Kchri RoC 

 
Lakshmipur Lxpur Cgong 

 
Noakhali Nkhli Cgong 

 
Rangamati Rmati RoC 

 
Dhaka Dhaka DhakaC Dhaka (Coastal) 

Dhaka Capital(DhakaC) (Non-Coastal) 

Rest of Dhaka (RoD) (Non-Coastal) 

 
Faridpur Fdpur RoD 

 
Gazipur Gzpur RoD 

 
Gopalganj Gganj Dhaka 

 
Kishoregonj Jmlpr RoD 

Dhaka Madaripur Krgonj RoD 

 
Manikganj Mdpur RoD 

 
Munshiganj Mkganj RoD 

 
Narayanganj Mhgnj RoD 

 
Narsingdi Mysgh RoD 

 
Rajbari Nganj RoD 

 
Shariatpur Nsgdi Dhaka 

 
Tangail Nkona RoD 

 
Jamalpur Rbari Mysgh Mysgh (Non-Coastal) 

Mymensingh Mymensingh Stpur Mysgh 

 
Netrakona Srpur Mysgh 

 
Sherpur Tgail Mysgh 
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Appendix 4F: Elasticity Parameters for the BD-TERM Model  

Elasticity Parameters Descriptions 

SIGMALAB (i) CES substitution between skill 

types  

SIGMAOUT (i)   CET transformation elasticities 

EXP_ELAST (c)    Export demand elasticities  

POP (d)          Population  

SIGMAMAR (m)     Substitution elasticities between 

margin origins   

SIGMADOMDOM (c)  Substitution elasticities between 

origins  

SIGMADOMIMP (c) Substitution elasticities between 

domestic/imports 

SIGMAPRIM (i)    CES substitution, primary factors 

EPS (c,d) Expenditure Elasticities; 

Source: Parameters of the BD-TERM model have collected from other CGE modelling studies related to 

Bangladesh or similar economies (wherever possible), other values have guesstimated. 
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Appendix 4GA: Lists Of Variables Used For BD-TERM Model  

xmake(c,i,d)   Output of good c by industry i in d 

pmake(c,i,d)  Price received by industries 

pdom(c,r)  Output prices = basic prices of domestic goods 

pbasic(c,s,r)  Basic prices 

 

puse(c,s,d)  Delivered price of regional composite good c, s to d 

xsuppmar(m,r,d,p)  Demand for margin m (made in p) on goods from r to d 

psuppmar_p(m,r,d)  Price of composite margin m on goods from r to d 

xsuppmar_p(m,r,d)  Quantity of composite margin m on goods from r to d 

xsuppmar_rd(m,p)  Total demand for margins produced in p 

xtradmar(c,s,m,r,d)  Margin m on good c, s going from r to d 

xtrad(c,s,r,d)  Quantity of good c, s from r to d 

pinvest(c,d)  Purchaser's price of good c for investment in d 

xinvi(c,i,d)  Amount of good c for investment, industry i in d 

ppur(c,s,u,d)  User (purchasers) prices, including margins and taxes 

tuser(c,s,u,d)  Powers of commodity taxes 

xint(c,s,i,d)  Intermediate demands for all-region composite 

xhou(c,s,d)  Household demands for all-region composite 

xgov(c,s,d)  Government demands for all-region composite 

xinv(c,s,d)  Investment demands for all-region composite 
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xexp(c,s,d)  Export of all-region composite leaving port at d 

xlab(i,o,d)  Labour demands 

 

plab(i,o,d)  Wage rates 

 

xtot(i,d)  Industry outputs 

 

ptot(i,d)  Industry output prices 

xcap(i,d)  Capital usage 

 

xlnd(i,d)  Land usage 

 

pcap(i,d)  Rental price of capital 

plnd(i,d)  Rental price of land 

 

xstocks(i,d)  Inventories 

 

delPTX(i,d)  Ordinary change in production tax revenue 

delTAXint(c,s,i,d)  Ordinary change in intermediate commodity tax revenue 

delTAXhou(c,s,d)  Ordinary change in household commodity tax revenue 

delTAXinv(c,s,d)  Ordinary change in investment commodity tax revenue 

delTAXgov(c,s,d)  Ordinary change in government commodity tax revenue 

delTAXexp(c,s,d)  Ordinary change in export commodity tax revenue 

phi  Exchange rate, local currency/$world 

pimp(c,r)  Import prices, local currency 

pfimp(c,r)  Import prices, foreign currency 
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ppur_s(c,u,d)  User prices, average over s 

phou(c,d)  Household price of composites 

xint_s(c,i,d)  Industry demands for dom/imp composite 

xhou_s(c,d)  Household demands for dom/imp composite 

xinv_s(c,d)  Investment demands for dom/imp composite 

atot(i,d)  All-input-augmenting technical change 

aint_s(c,i,d)  Intermediate tech change 

bint_scd(i)  Driver: intermediate tech change 

pint(i,d)  Intermediate effective price indices 

plab_o(i,d)  Price of labour composite 

xlab_o(i,d)  Effective labour input 

pprim(i,d)  Effective price of primary factor composite 

xprim(i,d)  Primary factor composite 

alab_o(i,d)  Labor-augmenting technical change 

acap(i,d)  Capital-augmenting technical change 

alnd(i,d)  Land-augmenting technical change 

aprim(i,d)  Primary-factor-augmenting tech change 

delPRIM(i,d)  Ordinary change in cost of primary factors 

pvar(i,d)  Shortrun variable cost of production 

pcst(i,d)  Ex-tax cost of production 
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delPTXRATE(i,d)  Change in rate of production tax 

wlux(d)  Total nominal supernumerary household expenditure 

xhoutot(d)  Total real household consumption 

whoutot(d)  Total nominal household consumption 

phoutot(d)  CPI 

  

nhou(d)  Number of households 

xlux(c,d)  Household - supernumerary demands 

xsub(c,d)  Household - subsistence demands 

alux(c,d)  Taste change, supernumerary demands 

asub(c,d)  Taste change, subsistence demands 

ahou_s(c,d)  Taste change, household imp/dom compsite 

contCPI(c,d)  Contributions by commodity to % regional CPI 

xinvitot(i,d)  Investment by industry 

pinvitot(i,d)  Investment price index by industry 

gret(i,d)  Gross rate of return = Rental/[Price of new capital] 

ggro(i,d)  Gross growth rate of capital = Investment/capital 

finv1(i,d)  Investment shift variable 

invslack  Investment slack variable for exogenizing national investment 

fgov(c,s,d)  Government demand shifter 



322 

fgov_s(c,d)  Government demand shifter 

fgovtot(d)  Government demand shifter 

fqexp(c,s)  Export quantity shift variable 

fpexp(c,s)  Export price shift variable 

xtrad_r(c,s,d)  Total demand for regional composite c, s in d 

pdelivrd(c,s,r,d)  All-user delivered price of good c, s from r to d 

atradmar(c,s,m,r,d)  Tech change: margin m on good c, s going from r to d 

atradmar_cs(m,r,d)  Tech change: margin m on goods going from r to d 

xsuppmar_d(m,r,p)  Total margins on goods from r, produced in p 

xcom(c,d)  Total output of commodities 

totdem(c,s,r)  Total direct demands for goods produced(dom) or 

landed(imp) in r 

pfin(u,d)  Final user price indices 

xfin(u,d)  Final user quantity indices 

wfin(u,d)  Final user expenditures 

contxgdpfac(i,d)  Sector contributions to regional GDP at factor cost 

xgdpfac(d)  Regional GDP at factor cost (% change) 

xlab_i(o,d)  Aggregate labour, wage-weighted 

wlab_i(o,d)  Total wage bill 

 

xlnd_i(d)  Aggregate land, rental-weighted 
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xcap_i(d)  Aggregate capital, rental-weighted 

xlab_io(d)  Aggregate labour, wage-weighted 

wlnd_i(d)  Total rentals to land 

wcap_i(d)  Total rentals to capital 

wlab_io(d)  Total wage bill 

 

delGDPINC(d,i)  Ordinary change in nominal income GDP component 

wgdpinc(d)  Nominal income GDP 

delXGDPEXP(d,i)  Ordinary change in quantity expenditure GDP component 

xgdpexp(d)  Real expenditure GDP 

delPGDPEXP(d,i)  Ordinary change in price expenditure GDP component 

pgdpexp(d)  Price index expenditure GDP 

wgdpexp(d)  Nominal expenditure GDP 

wgdpdiff(d)  SHOULD=0: nominal (income - expend) GDP 

contxgdpexp(i,d)  Contributions to % regional real GDP expenditure 

ximpused(d)  Volume of imports used in d 

pimpused(d)  Price index, imports used in d 

ximplanded(r)  Volume of imports landed in d 

pimplanded(r)  Price index, imports landed in d 

avewage(d)  Average nominal wage 
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averealwage(d)  Average real wage 

 

MainMacro(m,q)  Convenient macros for reporting 

NatMacro(m)  National macros for reporting 

contMainMacro(m,q)  Regional contributions to national macro results 

shrBoT  National real balance of trade as % of real GDP 

natxtot(i)  National industry output -- value added weights 

contnatxtot(i,d)  Regional contributions to national industry output 

natptot(i)  National output price average 

natemploy(i)  National employment average 

contincind(i,d,c)  Industry contribution terms to real income gdp 

contincind_d(i,c)  Industry contribution terms to real income gdp 

continccom(c,s,d)  COMTAX contribution terms to real income gdp 

contincagg(d,c)  Combined contribution terms to real income gdp 

flab(i,o,d)  Wage shifter 

 

flab_io(d)  Wage shifter 

 

flab_iod  National wage shifter 

labslack  Slack to allow aggregate employment constraint 

flabsup(d)  Labour migration shifter 

fhou(d)  Regional propensity to consume from labour income 
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houslack Consumption slack variable to accommodate national 

constraint 

natfhou  National ratio, real household consumption to real GDP 

fgovtot2(d)  Government demand shifter 

xrowdem(c,r,d)  Eventually exported goods 

xrowdem_d(c,r)  Eventually exported goods made in r 

xexpSHO(c,d) Export demands for domestic all-region composite leaving 

port at d 

xcapSHO(i,d) Capital usage 

 

pcapSHO(i,d) Rental price of capital 

xlab_oSHO(i,d) Effective labour input 

xinvitotSHO(i,d) Investment by industry 

xdomexp(c,r) Amount good c made in r sent to other domestic regions (non-

margin) 

xdomimp(c,d) Amount domestic good c used in d made in other domestic 

regions (non-margin) 

xdomexp_c(r) Amount goods made in r sent to other domestic regions (non-

margin) 

xdomimp_c(d) Amount domestic goods used in d made in other domestic 

regions (non-margin) 

xdomloc(c,r) Amount good c made in r and used in r 
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Appendix 4GB: List of Coefficients for BD-TERM Model 

MAKE(c,i,d)  MAKE multiproduction matrix 

USE(c,s,u,d)  Delivered value of demands: basic + margins (ex-tax) 

TAX(c,s,u,d)  Commodity taxes 

TRADE(c,s,r,d)  Sourcing matrix (at basic prices) 

TRADMAR(c,s,m,r,d)  Margins on trade matrix (at basic prices) 

SUPPMAR(m,r,d,p)  Margins supplied by p on goods passing from r to d 

INVEST(c,i,d)  Investment at purchaser’s prices 

STOCKS(i,d)  Domestic inventories 

LAB(i,o,d)  Wage matrix 

CAP(i,d)  Rentals to capital 

LND(i,d)  Rentals to land 

PRODTAX(i,d)  Taxes on production 

SIGMALAB(i)  CES substitution between skill types 

SIGMAPRIM(i)  CES substitution, primary factors 

SIGMADOMIMP(c)  Substitution elast between dom/imp 

SIGMADOMDOM(c)  Substitution elast between origins 

SIGMAMAR(m)  Subst elast between margin origins 

POP(d)  Population 

SIGMAOUT(i)  CET transformation elasticities 
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EXP_ELAST(c)  Export demand elasticities 

PUR(c,s,u,d)  Purchasers values 

PUR_S(c,u,d)  Purch. values, sum over s 

SRCSHR(c,s,u,d)  Imp/dom shares 

PUR_CS(u,d)  Expenditure on goods 

TAXRATE(c,s,u,d)  tax rate 

 

LAB_O(i,d)  Total labour bill in industry i 

PRIM(i,d)  Total factor input to industry i 

PRIMCOST(i,f,d)  Total factor inputs 

VARCST(i,d)  Shortrun variable cost of industry i 

VCST(i,d)  Total cost of industry i 

VTOT(i,d)  Total industry cost plus tax 

PTXRATE(i,d)  Rate of production tax 

COSTMAT(i,co,d)  Cost Matrix 

HOUTOT(d)  Total purchases by households 

SLUX(c,d)  Marginal household budget shares 

EPS(c,d)  Household expenditure elasticities 

BUDGSHR(c,d)  Household average budget shares 

FRISCH(d)  Frisch LES 'parameter'= - (total/luxury) 
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BLUX(c,d)  Ratio, (supernumerary expenditure/total expenditure) 

RATIOCPI(d)  (Current/initial) CPI 

INVEST_I(c,d)  Investment by commodity and region 

INVEST_C(i,d)  Investment by industry and region 

USE_U(c,s,d)  Total delivered value of regional composite c, s in d 

DELIVRD(c,s,r,d)  Trade + margins 

BASSHR(c,s,r,d)  Share of basic value in all-user delivered price 

MARSHR(c,s,m,r,d)  Share of margin m in all-user delivered price 

DELIVRD_R(c,s,d)  Demand in region d for delivered goods from all regions 

TRADMAR_CS(m,r,d)  Total demand for margin m on goods from r to d 

SUPPMAR_P(m,r,d)  Total demand for margin m on goods from r to d 

SUPPMAR_D(m,r,p)  Total demand for margin m (from p) on goods from r 

SUPPMAR_RD(m,p)  Total demand for margin m produced in p 

SUPPMAR_R(m,d,p)  Margins supplied by p on all goods passing to d 

MAKE_C(i,d)  All production by industry i 

MAKE_I(c,d)  Total production of commodities 

RECIPNCOM 

  

RECIPNIND 

  

MAKESHR1(c,i,d)  Com share in Ind output 

MAKESHR2(c,i,d)  Ind share in Com supply 
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MAKE_D(c,i)  National MAKE matrix 

NINDPROD(c)  No of industries that make good c 

NCOMPROD(i)  No of commodities made by ind i 

TRADE_D(c,s,r)  Total direct demands 

PRIM_I(d)  Regional GDP at factor cost 

RATIOGDPFAC(d)  Ratio (current/initial) real GDP at factor cost 

LAB_I(o,d)  Total wages by skill 

LAB_IO(d)  Total wages 

LND_I(d)  Total rentals to land 

CAP_I(d)  Total rentals to capital 

GDPINCSUM(d,i)  Income GDP breakdown 

GDPINC(d)  Income GDP 

GDPEXPSUM(q,i)  Expend GDP breakdown 

GDPEXP(d)  Expenditure GDP 

RATIOGDPEXP(d)  (Current/initial) real expenditure GDP 

TRADE_R(c,s,d)  Total direct demands dest d 

IMPUSED_C(d)  Imports used in d 

IMPLANDED_C(r)  Imports landed in r 

WMAINMACRO(m,q)  Weights to aggregate macros 
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TOTWEIGHT(m)  Total of WMainMacro 

RATIOMMACRO(m)  Initial/final ratio 

PRIM_D(i)  Total factor input to industry i 

RATIOPRIM_D(i)  (Current/initial) ratio 

NATVTOT(i)  Total national industry cost plus tax 

LAB_OD(i)  Total national wage cost 

NATGDPINC  National income-side GDP 

RATIOXGDP  (Current/initial) ratio, real gdp 

ROWDEM(c,r,d)  Eventually exported goods 

ROWDEM_D(c,r)  Eventually exported goods 

EXPSHR(c,r)  Share of output eventually exported 

CHECKA(i,d)  Net Output - MAKE_C 

CKRATA(i,d)  Net Output/MAKE_C 

CHECKB(c,s,d)  USE_U - DELIVRD_R 

CKRATB(c,s,d)  USE_U/DELIVRD_R 

CHECKC(c,r)  MAKE_I - demands 

CKRATC(c,r)  MAKE_I/demands 

DEMANDS(c,r)  Demands 

CHECKD(m,r,d)  TRADMAR_CS - SUPPMAR_P 

CKRATD(m,r,d)  TRADMAR_CS/SUPPMAR_P 
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CHECKE(c,d)  INVEST_I - PUR_S(inv) 

CKRATE(c,d)  INVEST_I/PUR_S(inv) 

SUMABS(c)  Sum absolute errors 

TOL3 

  

SIGNIF Threshold reporting value 

VDOMEXP(c,r) Value good c made in r sent to other domestic regions (non-

margin) 

VDOMIMP(c,d) Value domestic good c used in d made in other domestic regions 

(non-margin) 

VDOMEXP_C(r) Value goods made in r sent to other domestic regions (non-

margin) 

VDOMIMP_C(d) Value domestic goods used in d made in other domestic regions 

(non-margin) 

VMAINUSE(c,s,m,d) Simplified USE matrix 

LOCSHR(c,s,r) Share local-made basic in direct use (delivered) 

LOCSHR_R(c,s,r)  Share basic in delivered 

VMAINDEST(c,r,d)  Main uses of dom com c made in r 

CHECKDEST(c,d)  Check -- should be tiny 

NATMAINDEST(c,d)  Main uses of dom com c nationally 

DIFFDEST(c,d) 
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Appendix 5A: National-Level Industry Valued Added Loss Due To Different 

Climate Scenario by 2030* 

Sectors Pessimistic Medium Optimistic 

Paddy rice -4.16 -1.17 1.45 

Wheat -14.88 -4.61 6.40 

Other cereal 

grains 

-13.80 -8.62 -2.78 

Vegetables, fruits, 

nuts 

0.01 -0.00 0.00 

Oil seeds -9.96 -3.13 4.39 

Sugar cane -4.61 -1.32 1.67 

Plant-based fibres -7.48 -2.40 3.43 

Other crops -5.80 -1.76 2.38 

Cattle, sheep, 

goats 

-1.44 -0.40 0.47 

Other animal 

products 

-2.85 -0.86 1.02 

Raw milk -1.35 -0.37 0.44 

Wool, silk-worm 

cocoons 

16.93 5.00 -6.14 

Forestry -2.37 -0.71 0.92 

Fishing -2.68 -0.77 0.97 

Mining -0.08 0.00 -0.02 

Manufacturing -4.97 -1.48 1.81 

Services -2.22 -0.67 0.87 

*% change from the base year 
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Appendix 5B: Impacts on Gross District Domestic Products (GDDP at factor cost)  

for 64 districts by 2030* 

Districts Name  Pessimistic Medium Optimistic 

Bagerhat -2.60 -0.77 0.99 

Chuadanga -2.58 -0.80 0.94 

Jessore -3.04 -0.89 1.16 

Jhenaidah -2.79 -0.83 1.06 

Khulna -2.40 -0.71 0.92 

Kushtia -3.68 -1.09 1.41 

Magura -2.70 -0.80 1.05 

Meherpur -1.46 -0.44 0.59 

Narail -2.19 -0.65 0.86 

Satkhira -2.88 -0.85 1.09 

Bogra -3.00 -0.88 1.13 

Joypurhat -2.65 -0.78 1.00 

Naogaon -2.93 -0.85 1.08 

Natore -3.17 -0.94 1.22 

Chapai 

Nawabganj 
-2.74 -0.80 1.03 

Pabna -3.53 -1.05 1.36 

Rajshahi -2.84 -0.84 1.09 

Sirajganj -3.77 -1.11 1.43 

Dinajpur -2.53 -0.75 0.93 

Gaibandha -2.80 -0.83 1.06 

Kurigram -2.40 -0.71 0.93 

Lalmonirhat -2.50 -0.75 0.93 

Nilphamari -2.34 -0.69 0.88 

Panchagarh -1.58 -0.46 0.58 

Rangpur -2.68 -0.79 1.01 

Thakurgaon -3.00 -0.90 1.14 

Habiganj -2.58 -0.75 0.97 

Maulvibazar -2.72 -0.79 1.01 

Sunamganj -1.73 -0.50 0.63 

Sylhet -2.22 -0.65 0.84 

Barguna -1.73 -0.51 0.66 

Barisal -3.06 -0.89 1.13 

Bhola -1.21 -0.37 0.50 

Jhalokati -2.20 -0.65 0.83 
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Districts Name  Pessimistic Medium Optimistic 

Patuakhali -1.15 -0.35 0.48 

Pirojpur -2.42 -0.71 0.91 

Bandarban -2.78 -0.83 1.08 

Brahmanbaria -2.74 -0.81 1.04 

Chandpur -2.61 -0.77 1.00 

Chittagong -2.44 -0.72 0.93 

Comilla -2.01 -0.60 0.77 

Cox’s bazar -2.38 -0.71 0.92 

Feni -2.61 -0.77 0.99 

Khagrachari -2.45 -0.72 0.94 

Laxmipur -2.71 -0.79 1.02 

Noakhali -2.46 -0.72 0.93 

Rangamati -2.65 -0.79 1.03 

Dhaka -2.50 -0.74 0.97 

Faridpur -2.79 -0.83 1.10 

Gazipur -2.86 -0.84 1.08 

Gopalganj -2.27 -0.67 0.88 

Jamalpur -2.62 -0.77 1.00 

Kishorganj -3.06 -0.90 1.15 

Madaridpur -2.11 -0.63 0.84 

Manikganj -3.15 -0.93 1.20 

Munshiganj -4.80 -1.38 1.75 

Mymensingh -2.75 -0.80 1.03 

Narayanganj -2.89 -0.85 1.10 

Narsingdi -2.86 -0.84 1.09 

Netrokona -2.40 -0.70 0.89 

Rajbari -2.25 -0.68 0.90 

Shariatpur -1.91 -0.57 0.76 

Sherpur -2.40 -0.70 0.90 

Tangail -3.33 -0.98 1.26 

Average loss  -2.60% -0.77% 0.99% 

*% change from the base year 
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Appendix 5D: Industry-Level Value Added Loss for Ten Poverty Stricken Districts under “Pessimistic” Climate Scenario By 2030*  

Sectors name Mymensingh Jamalpur Shariatpur Barisal Pirojpur Chandpur Gaibandha Kurigram Rangpur Satkhira 

Paddy rice -4.27 

 

-3.37 

 

-4.02 

 

-4.98 

 

-3.90 

 

-5.13 

 

-4.94 

 

-3.61 

 

-4.94 

 

-5.93 

 
Wheat -14.03 

 

-13.50 

 

-13.96 

 

-14.20 

 

-13.93 

 

-14.06 

 

-14.11 

 

-14.43 

 

-14.20 

 

-14.26 

 
Other cereal grains -14.42 

 

-14.35 

 

-13.92 

 

-14.39 

 

-14.39 

 

-14.72 

 

-14.34 

 

-13.95 

 

-14.15 

 

-14.94 

 
Vegetables, fruits, nuts 0.10 

 

0.17 

 

0.49 

 

0.11 

 

0.09 

 

-0.18 

 

-0.08 

 

0.26 

 

-0.06 

 

-0.24 

 
Oil seeds -10.45 

 

-9.12 

 

-9.31 

 

-10.65 

 

-10.39 

 

-10.36 

 

-10.48 

 

-9.88 

 

-10.61 

 

-10.61 

 
Sugar cane -5.27 

 

-4.26 

 

-5.15 -5.70 

 

-5.64 

 

-5.54 

 

-4.94 

 

-5.63 

 

-5.28 

 

-5.67 

 
Plant-based fibres -17.55 

 

-8.52 

 

2.36 

 

-19.85 

 

-22.73 

 

-15.72 

 

-13.14 

 

-3.09 

 

-15.18 

 

-15.99 

 
Other crops -6.32 

 

-5.78 

 

-5.43 

 

-5.78 

 

-6.07 

 

-6.34 

 

-6.62 

 

-5.89 

 

-6.18 

 

-6.72 

 
Cattle, sheep, goats -1.61 -0.77 1.75 -0.25 -0.80 -1.84 -2.16 -1.13 -2.09 -2.75 

Other animal products -2.85 -2.81 -2.29 -2.78 -2.85 -3.31 -3.14 -2.60 -3.10 -3.40 

Raw milk 3.68 3.82 6.86 2.81 3.76 1.06 2.28 4.93 0.40 0.15 

Wool, silk-worm cocoons -26.06 -25.75 -20.51 -29.01 -27.89 -28.05 -19.78 -23.76 -27.34 -28.37 

Forestry -2.09 -2.05 -1.89 -2.23 -2.15 -2.15 -2.19 -2.06 -2.12 -2.31 

Fishing -2.55 -2.53 -2.01 -2.46 -2.62 -3.00 -3.12 -2.37 -2.89 -3.14 

Mining 
2.11 0.94 0.63 1.41 1.36 0.57 0.56 1.14 1.22 1.06 

Manufacturing 
-4.97 -4.97 -4.97 -4.97 -4.97 -4.97 -4.97 -4.97 -4.97 -4.97 

Services 
-2.22 -2.22 -2.22 -2.22 -2.22 -2.22 -2.22 -2.22 -2.22 -2.22 

*% change from the base year 
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Appendix 6A: Back Of the Envelope (BOTE) Results for Scenarios S1, S2, S3 

 
The key macroeconomic results of the three simulations described previously in 

Section 6.2.1.1, Section 6.2.2.1, and Section 6.2.3.1 is based on the following economic 

mechanisms. The macroeconomic results from Scenario1 relating to land inundation due 

to sea level rise by 2050 are first examined.  

The immediate impacts of the reduction in crop productivity loss will be the crop 

production loss for all crop sectors. The immediate effects of total factor productivity 

loss, with aggregate labour, held fixed with flexible capital are to reduce the level of 

output. The reduction in the capital employed reduces marginal product of capital and the 

average rate of return on capital. Moreover, the reduction of capital also decreases the 

marginal product of labour, and therefore the average real wage.  

The following equations show the important back-of-the-envelope equations that 

capture the important mechanisms driving the supply side of the model in a simple but 

intuitive manner (Bohlman, 2010; Dixon & Rimmer, 2005)36. 

𝑊

𝑃𝑦
= 𝑀𝑃𝐿(𝐴,

𝐾

𝐿
)                                                                (E 6A.1) 

Or, alternatively, 

𝑊

𝑃𝐶
.  

𝑃𝐶

𝑃𝑦
= 𝑀𝑃𝐿(𝐴,

𝐾

𝐿
)                                                         (E6A.2)                                                  

𝑄

𝑃𝑦
= 𝑀𝑃𝐾(𝐴,

𝐿

𝐾
)                                                            (E 6A.3)                                   

𝑄

𝑃𝑖
.  

𝑃𝑖

𝑃𝑦
= 𝑀𝑃𝐾(𝐴,

𝐿

𝐾
)                                                       (E 6A.4)               

                                                 

36 These BOTE equations can be derived by maximizing the economy-wide profits, 𝑃𝑦 . Y — (W. L +

 Q. K), subject to the Cobb-Douglas production function, whereY(Real GDP) = A [𝐿β. 𝐾(1−β)]. Labour and 

capital earnings are assumed to be equal to the value of the marginal products. 
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Where, 𝑊 and 𝑄 are the factor payments, the nominal wage rate, and the rental 

price of capital; 𝐾 and 𝐿 show the capital stock and the employment in the economy. 𝑃𝐶 

and  𝑃𝑖 are the purchaser’s prices of a unit of consumption; 𝑃𝑦 is the economy wide price 

level reflected by the GDP price index; 𝐴  is the total factor productivity; 𝑀𝑃𝐿 and 

𝑀𝑃𝐾 are the marginal products of labour and capital respectively.  

The first part of the equation shows that the real price of labour should be equal to 

the marginal product of labour. As the price of labour moves positively with the (
𝐾

𝐿
), and 

the level of productivity, any loss in productivity will have negative impacts on rethe al 

wage in the economy. To analyse the results efficiently, the real cost of labour is split into 

two parts. The first part is the real consumer wage (
𝑊

𝑃𝐶
) and the second part explains the 

terms of trade effects (
𝑃𝐶

𝑃𝑦
). Thus, any changes in the real cost of labour can also be 

explained through these two effects. Similar effects can be seen for capital in equation E 

6A.3 and E 6A.4 where the marginal product of capital relates positively to the labour 

capital ratio.  

According to the BD-TERM model closure, the level of employment and the rate 

of return on capital investments are exogenous in the long run; that is, they will remain 

unchanged from the baseline conditions. The total factor productivity loss in crop sectors 

will have direct impacts on the marginal products of both labour and capital in the long 

run. As the aggregate employment (L) and rate of return are exogenous, both average real 

wage and the long-run capital stock will adjust according to equations E 6A.1and E 6A.3 

respectively. Since the investment decisions are also based on the rate of return of capital, 

and the rate of return is exogenous in the long run. It can also be shown that in order for 

K to fall to its substantial level, a similar reduction of the real investment expenditure is 

also required in the long run.  
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The demand or expenditure side GDP can also be explained in the similar ways. 

The starting point of the expenditure side GDP will be the national macroeconomic 

identity while ignoring the contributions of inventories, so that: 

𝑌 = 𝐶 + 𝐼 + 𝐺 + (𝑋 − 𝑀) …       (E 6A.5) 

The percentage form of (E 7.5) would be, 

𝑦 = 𝑆𝑐 . 𝑐 + 𝑆𝑖 . 𝑖 + 𝑆𝑔  . 𝑔 +  𝑆𝑥 . 𝑥 −  𝑆𝑚 . 𝑚 ….                                    (E 6A.6) 

Or, 

𝑦 = 𝑆𝑐 . 𝑐 + 𝑆𝑖 . 𝑖 + 𝑆𝑔  . 𝑔 +  𝑆𝑥 (𝑥 − 𝑚) …           (E 6A.7) 

Where 𝑌 denotes the real GDP; 𝑦, 𝑐, 𝑖, 𝑔, 𝑥 𝑎𝑛𝑑 𝑚 are the percentage changes in 

their respective macroeconomic aggregates, and 𝑆  represents the respective shares in 

GDP (assuming that 𝑆𝑥  ≈ 𝑆𝑚). 

According to the above discussion, from the supply side back-of-the-envelope real 

GDP calculations should decrease by -0.64 %, -4.98%, and -5.38% for scenarios S1, S2, 

and S3 by 2050 (as can be seen in Table 6A1 to 6A6). Moreover, other important macro 

variables, such as real household consumption and real investment are also expected to 

decline as they are closely linked to real GDP. As discussed above, the long run capital 

stock will also reduce along with the fall of real wage in the labour market.   
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Table 6A1: Income Side BOTE Real GDP Calculation for S1Scenario  

Income Side GDP Components Base Case 

Shares 

% Changes by 2050 

from the base year 

Contribution to 

GDP 

Land 0.069 0 0 

Labour 0.486 0 0 

Capital 0.393 -0.47% -0.184 

Production Tax 0.0083 -0.013% -0.000112 

Commodity Tax 0.044 0 0 

Technological Change   -0.457 

Total 1.000 
 

-0.64 (Real 

GDP) 

Table 6A2: Expenditure Side BOTE Real GDP Calculation for S1Scenario  

Expenditure Side GDP Components Base Case 

Shares 

% Changes 

by 2050 

from the 

base year 

(𝑅𝑒𝑎𝑙 𝐺𝐷𝑃 = 𝑆𝑐  . 𝑐 +
𝑆𝑖 . 𝑖 + 𝑆𝑔  . 𝑔 +

 𝑆𝑥  . 𝑥 −  𝑆𝑚 . 𝑚) 

Consumption 0.756 -0.64% -0.484 

Investment 0.244 -0.47% -0.114 

Government 0.056 0 0 

Stocks 0 0 0 

Exports 0.253 0.13% 0.032 

Imports -0.310 0.23% -0.071 

Total 1.000 
 

-0.64 (Real GDP) 

Table 6A3: Income Side BOTE Real GDP Calculation for S2 Scenario  

Income Side GDP Components Base Case Shares % Changes 

by 2050 

from the 

base year 

Contribution to 

GDP 

Land 0.069 0 0 

Labour 0.486 0 0 

Capital 0.393 -4.180% -1.642 

Production Tax 0.0083 -0.137% -0.0011 

Commodity Tax 0.044 0 0 

Technological Change   -3.372 

Total 1.000 
 

-5.02 (Real 

GDP) 
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Table 6A4: Expenditure Side BOTE Real GDP Calculation for S2 Scenario  

Expenditure Side GDP Components Base Case 

Shares 

% 

Changes 

by 2050 

from the 

base year 

(𝑅𝑒𝑎𝑙 𝐺𝐷𝑃 = 𝑆𝑐  . 𝑐 +
𝑆𝑖 . 𝑖 + 𝑆𝑔  . 𝑔 +

 𝑆𝑥  . 𝑥 −  𝑆𝑚 . 𝑚) 

Consumption 0.756 -4.98% -3.766 

Investment 0.244 -4.18% -1.022 

Government 0.056 0 0 

Stocks 0 0 0 

Exports 0.253 2.52% 0.638 

Imports -0.310 2.65% -0.823 

Total 1.000 
 

-5.00 (Real GDP) 

Table 6A5: Income Side BOTE Real GDP Calculation for S3 Scenario  

Income Side GDP Components Base Case Shares % Changes 

by 2050 

from the 

base year 

Contribution to 

GDP 

 

Land 0.069 0 0 

Labour 0.486 0 0 

Capital 0.393 -4.37% -1.717 

Production Tax 0.0083 -0.137% -0.0011 

Commodity Tax 0.044 0 0 

Technological Change  -3.72% -3.72 

Total 1.000  -5.43(Real 

GDP) 

Table 6A6: Expenditure Side BOTE Real GDP Calculation for S3 Scenario  

Expenditure Side GDP Components Base Case 

Shares 

% Changes by 2050 from 

the base year 
(𝑅𝑒𝑎𝑙 𝐺𝐷𝑃 =
𝑆𝑐  . 𝑐 +
𝑆𝑖 . 𝑖 +
𝑆𝑔  . 𝑔 +

 𝑆𝑥  . 𝑥 −
 𝑆𝑚 . 𝑚) 

Consumption 0.756 -5.38% -4.069 

Investment 0.244 -4.37% -1.068 

Government 0.056 0 0 

Stocks 0 0 0 

Exports 0.253 2.53% 0.640 

Imports -0.310 2.83% -0.879 

Total 1.000 
 

-5.38(Real 

GDP) 
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The actual simulation results, obtained from three scenarios for 2050 also confirm 

the predicted directions of the macroeconomic variables (as discussed in Table 6.3, Table 

6.9 and Table 6.15, respectively).  
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Appendix 6B: Regional Contributions towards National Macro Variables for Scenario S1, S2, S3 

SCENARIO S1 

Regional Contributions Towards the National Macro Variables for Scenario S1 by 2050* 

 

Macro Variables  Khulna  RoK1 Rajshahi  Rangpur Sylhet Barisal Chittagong RoC2 Dhaka DhakaC3 RoD4 Mymensingh National  

Real Household Consumption -0.17 -0.03 -0.05 -0.02 -0.02 -0.15 -0.22 0.01 0 0.06 -0.02 -0.03 -0.64 

ReaI Investment Expenditure -0.13 -0.01 -0.01 0.01 -0.01 -0.09 -0.17 -0.01 0 -0.04 -0.02 -0.01 -0.49 

Real Government Expenditure 0 0 0 0 0 0 0 0 0 0 0 0 0 

Exports Volume 0 0 0.04 -0.01 0 -0.01 0 0.01 0 0.1 0 -0.01 0.12 

Imports Volume Used -0.04 0.01 0.06 0.06 0.02 -0.02 -0.03 0.02 0.01 0.07 0.06 0.02 0.24 

Real GDP -0.23 0 0.01 0.02 0 -0.2 -0.29 0 0 0.04 0.01 0 -0.64 

Average Real Wage -0.12 -0.04 -0.1 -0.08 -0.04 -0.09 -0.19 -0.02 -0.01 -0.08 -0.11 -0.03 -0.91 

Aggregate Capital Stock -0.13 -0.01 -0.01 0.01 -0.01 -0.09 -0.17 -0.01 0 -0.04 -0.02 -0.01 -0.49 

Consumer price index 0.05 0.03 0.09 0.07 0.03 0.06 0.09 0.01 0.01 -0.02 0.06 0.04 0.52 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka;  
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SCENARIO S2 

Regional Contributions Towards the National Macro Variables for Scenario S2 by 2050*  

Macro Variables Khulna RoK1 Rajshahi Rangpur Sylhet Barisal Chittagong RoC2 Dhaka DhakaC3 RoD4 Mymensingh National 

Real household consumption -4.47 -0.07 0.23 0.26 0.06 -1.25 -0.98 0.23 -0.04 0.88 0.23 -0.04 -4.96 

Real investment expenditure -3.11 0 0.25 0.27 -0.01 -0.68 -0.8 -0.01 -0.03 -0.19 0.08 0.03 -4.2 

Real government expenditure 0 0 0 0 0 0 0 0 0 0 0 0 0 

Exports volume 0.64 0.14 0.51 -0.07 0.03 0.07 0.25 0.12 0.03 0.72 0.08 -0.01 2.51 

Imports volume -1.98 0.24 0.86 0.69 0.23 0.1 0.2 0.23 0.08 0.89 0.81 0.28 2.63 

Real GDP -3.67 0.05 0.32 0.3 0.07 -1.52 -1.34 0.09 -0.06 0.46 0.27 0.06 -4.97 

Average real wage -2.5 -0.36 -0.83 -0.67 -0.33 -0.77 -1.33 -0.21 -0.16 -0.78 -1 -0.27 -9.21 

Aggregate capital stock -3.11 0 0.25 0.27 -0.01 -0.68 -0.8 -0.01 -0.03 -0.19 0.08 0.03 -4.2 

Consumer price index 1.12 0.28 0.74 0.62 0.19 0.64 0.58 0.06 0.07 -0.22 0.51 0.31 4.9 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka;  

 

 

 

 

 



344 

SCENARIO S3 

Regional Contributions Towards the National Macro Variables for Scenario S3 by 2050*  

Macro Variables Khulna  RoK1 Rajshahi  Rangpur Sylhet Barisal Chittagong RoC2 Dhaka DhakaC3 RoD4 Mymensingh National  

Real Household Consumption -3.95 -0.11 0.08 0.17 0.01 -1.39 -1.23 0.2 -0.04 0.84 0.13 -0.09 -5.38 

Real Investment Expenditure  -2.78 -0.01 0.18 0.23 -0.02 -0.75 -0.96 -0.02 -0.04 -0.24 0.03 0.01 -4.37 

Real Government Expenditure  0 0 0 0 0 0 0 0 0 0 0 0 0 

Exports Volume 0.52 0.13 0.55 -0.06 0.03 0.08 0.26 0.12 0.03 0.77 0.1 -0.01 2.52 

Imports Volume  -1.57 0.23 0.82 0.67 0.23 0.06 0.14 0.23 0.08 0.88 0.79 0.27 2.83 

Real GDP -3.52 0.04 0.27 0.27 0.06 -1.67 -1.58 0.08 -0.06 0.44 0.25 0.04 -5.38 

Average Real Wage -2.26 -0.38 -0.89 -0.7 -0.34 -0.82 -1.45 -0.22 -0.17 -0.8 -1.04 -0.28 -9.35 

Aggregate Capital Stock -2.78 -0.01 0.18 0.23 -0.02 -0.75 -0.96 -0.02 -0.04 -0.24 0.03 0.01 -4.37 

Consumer price index 1.03 0.3 0.78 0.64 0.21 0.68 0.64 0.07 0.07 -0.22 0.53 0.33 5.06 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka;  
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Appendix 6C: Regional Contributions towards Regional Macro Variables for Scenario S1, S2, S3 

SCENARIO S1 

Deviation of Contributions Towards Gross Regional Product (GRP) by 2050*  

Regions  Households Investment  Government  Stocks Exports  Imports RExports RImports Net Margins Real GDP  

 Khulna  -1.78 -0.43 0 0 0.01 0.14 -1.29 0.19 0 -3.16 

 RoK1 -0.43 -0.05 0 0 0.02 -0.09 0.11 0.38 0 -0.06 

 Rajshahi  -0.29 -0.02 0 0 0.09 -0.14 0.11 0.3 0 0.05 

 Rangpur -0.15 0.02 0 0 -0.03 -0.15 0.23 0.23 0 0.15 

 Sylhet -0.23 -0.05 0 0 -0.01 -0.11 0.06 0.34 0 0 

 Barisal -2.51 -0.46 0 0 -0.06 0.11 -2.11 0.72 0 -4.31 

Chittagong -1.62 -0.39 0 0 0.01 0.09 -0.82 0 0 -2.73 

 RoC2 0.11 -0.04 0 0 0.04 -0.13 -0.04 0.15 0 0.09 

 Dhaka -0.16 -0.02 0 0 0.01 -0.13 0.13 0.18 0 0.01 

 DhakaC3 0.25 -0.05 0 0 0.13 -0.1 -0.05 0.01 0 0.19 

 RoD4 -0.13 -0.03 0 0 0 -0.12 0.12 0.23 0 0.07 

 Mymensingh -0.56 -0.06 0 0 -0.04 -0.16 0.15 0.61 0 -0.06 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka;  
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SCENARIO S2: 

Deviation of Contributions Towards Gross Regional Product (GRP) by 2050* 

Regions   Households Investment  Government  Stocks Exports  Imports RExports RImports Net Margins Real GDP  

 Khulna  -45.74 -10.06 0 0 2.12 7.2 1.37 -4.78 0 -49.89 

 RoK1 -1.19 0.01 0 0 0.74 -1.33 4.45 -1.68 0 1 

 Rajshahi  1.38 0.48 0 0 1.02 -2.01 2.84 -1.18 0 2.53 

 Rangpur 1.8 0.59 0 0 -0.16 -1.86 2.65 -0.33 0 2.69 

 Sylhet 0.82 -0.03 0 0 0.13 -1.34 1.5 0.21 0 1.29 

 Barisal -19.67 -3.38 0 0 0.33 -0.64 -10.9 2.79 0 -31.47 

 Chittagong -7.18 -1.83 0 0 0.6 -0.57 -3.15 -0.7 0 -12.83 

 RoC2 3.98 -0.04 0 0 0.69 -1.5 -0.05 -1.15 0 1.93 

 Dhaka -1.66 -0.46 0 0 0.42 -1.4 0.13 -0.47 0 -3.44 

 DhakaC3 3.55 -0.24 0 0 0.96 -1.34 -0.34 -0.16 0 2.43 

 RoD4 1.18 0.13 0 0 0.14 -1.61 2.22 -0.2 0 1.86 

 Mymensingh -0.88 0.21 0 0 -0.08 -2.34 4.83 -0.18 0 1.56 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka;  
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SCENARIO S3: 

Deviation of Contributions Towards Gross Regional Product (GRP) by 2050* 

Regions Households Investment Government Stocks Exports Imports RExports RImports Net 

Margins 

Real 

GDP 

Khulna -40.48 -9.02 0 0 1.71 5.78 -1.53 -4.35 0 -47.89 

RoK1 -1.77 -0.08 0 0 0.7 -1.31 4.1 -0.86 0 0.78 

Rajshahi 0.49 0.34 0 0 1.09 -1.93 2.7 -0.53 0 2.16 

Rangpur 1.18 0.51 0 0 -0.14 -1.82 2.65 0.1 0 2.48 

Sylhet 0.17 -0.12 0 0 0.13 -1.32 1.56 0.64 0 1.06 

Barisal -21.83 -3.72 0 0 0.36 -0.45 -12.03 3.3 0 -34.37 

Chittagong -8.94 -2.2 0 0 0.63 -0.4 -3.53 -0.73 0 -15.17 

RoC2 3.38 -0.12 0 0 0.71 -1.49 0.08 -0.8 0 1.76 

Dhaka -1.99 -0.49 0 0 0.43 -1.4 -0.03 -0.11 0 -3.59 

DhakaC3 3.38 -0.3 0 0 1.03 -1.32 -0.36 -0.09 0 2.34 

RoD4 0.7 0.05 0 0 0.17 -1.58 2.15 0.17 0 1.66 

Mymensingh -1.83 0.07 0 0 -0.06 -2.28 4.55 0.74 0 1.19 

*% change from the base year; 1RoK: Rest of Khulna; 2RoC: Rest of Chittagong; 3DhakaC: Dhaka Capital; 4RoD: Rest of Dhaka;  
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Appendix 7A: Survey Questionnaire for the Primary Data Collection  

 

 

Climate Change, sea level rise and adaptation: A case study of Bangladesh 

Survey Questionnaire 

 

Consent Form 

 

 

Protocol # AFE/01/15/HREC. Date: 25/02/2015 

 

Chief Investigators:   

 

Dr Athula  

Naranpanawa 

Department of Accounting 

Finance and Economics 

a.naranpanawa@griffith.edu.au

    

Prof. Jay Bandaralage 

Department of Accounting 

Finance and Economics 

j.bandaralage@griffith.edu.au 

 

 

Dr Tapan Sarker  

Department of International 

Business and Asian Studies 

tapan.sarker@griffith.edu.au 

Student Researcher: 

 

 Ms. Sudeshna Paul 

Griffith Business School  

sudeshna.paul@griffithuni.edu.au 

 

 

 

 

 

file:///C:/Users/s2924125/Downloads/a.naranpanawa@griffith.edu.au
file:///C:/Users/s2924125/Downloads/a.naranpanawa@griffith.edu.au
file:///C:/Users/s2924125/Downloads/j.bandaralage@griffith.edu.au
file:///C:/Users/s2924125/Downloads/tapan.sarker@griffith.edu.au
file:///C:/Users/s2924125/Downloads/sudeshna.paul@griffithuni.edu.au
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Consent to Participant  

Your participation in this project is voluntary and you are not under any obligation to 

consent or participate in this research. Non-participation will not involve any penalty. If 

you choose to participate, you may discontinue participation at any stage without penalty 

or without providing any explanation. 

Confidentiality 

The data collected from this research will be reported in general terms and will not involve 

any identifying feature. All information will be kept confidential and a unique 

identification number will be allocated to all participants. The correlation between 

number and participant will be kept securely only within the research team. All data will 

be stored securely for five years before being destroyed. The information collected is 

confidential and will not be disclosed to third parties without your consent, except to meet 

government, legal or other regulatory authority requirements. 

Risks to You 

This research is conducted only for the academic purpose. It will be led by the student 

researcher, Sudeshna, for the PhD research at Griffith University, Australia. This research 

poses no risk to you and will not cause any stress to you. 
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Questions about this research 

If you have any questions regarding this research please feel free to contact the Chief 

investigators or with the student researcher, Sudeshna Paul by email listed above. If you 

decide to participate, please take your time and proceed.  

 

Please put your signature below to signify your consent to this research. 

 

I understand the research involved and give my consent to this research. 

 

Participants’ Signature --------------------      Date: --------- 

 

Chief Investigator’s signature --------------------     Date: --------- 
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Questionnaire 

 

Section 1 

1. Your Gender? (Tick one)    

a. Male 

b. Female 

 

2.  Your age group   (Tick one) 

 a. 15 – 25 

 b. 26-35 

c. 36-45 

d. 46-55 

e. 55 + 

 

3. Your academic background (Tick one) 

a. Never went to school 

b. Up to Class 5 

c. Up to SSC 

d. Up to HSC 

e. Up to Honours  

f. Up to Masters 

 

4. Marital Status (Tick one) 

a. Un-married     

b. Married     

c. Divorced     

d. Widowed 

 

5. If married, what represents your spouse’s role? 

 a. Housewife / Househusband 

 b. Casual worker  

 c. Permanent worker  

 d. Others (Please specify)……………… 
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Section 2 

1) How long have you been living here? 

a. 1-4 yrs.           

b. 5-9 yrs.           

c. 10-14 yrs.         

d. 15-19 yrs.    

e. 20-24 yrs. 

f. 25-29 yrs. 

g. 30+ yrs.                             

 

2)          Did you experience any extreme climatic hazards during last 5 years?  

 a. Yes   

 b. No 

 

3) What are the different kinds of environmental hazards you and your family facing 

frequently? (tick all that apply) 

a. Waterlogging 

b. Soil salinity 

c. Flooding 

d. Others Please specify …………… 

 

4)  Of the above problems, what are the foremost problems you and your locality facing?  

a. Salinity intrusion 

b. Others 

 

5)  Until recently, in what ways did the climate change problem affect you and another 

member of your family? (Tick all that apply) 

a. Reduce your daily income 

b. Reduce your daily consumption 

c. Reduce your total crop production 

d. Reduce your annual household income 

e. Increase your economic and social pressure 

f. Others, please specify…………………… 

 

6)  Based on the understanding of the current environmental problem, have you taken any 

action to reduce its impact?  
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a. Yes, b. No 

c. Not sure 

 

7)  If yes, does your current occupation belong to those climate change adaptation 

strategies?  

a. Yes, b. No 

c. Not at all 

 

8)  Have you received any assistance from NGOs to choose your current occupation?  

a. Yes, b. No 

 

9)  Did you receive any assistance from government departments to choose your current 

occupation? 

a. Yes, b. No 

 

10)  If yes, Please describe their role in how they help you to choose your current 

occupation? 

 

Section 3  

 

1) What represents your previous occupation?  

a. Small land holding farmer  

b.  Agricultural labourer  

c.  Others please specify……………. 

 

2)  What specifically do represent your current occupation? 

a. Agriculture farm labourer 

b. Livestock and poultry keeper 

c. Boat builder (carpenter) 

d. Net maker 

e. Day labourer 

f. Shrimp farm labourer 

g. Small trader 

h. Others, please specify…………………….. 
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3) How much you used to earn daily (Taka37) from your previous occupation? (if possible 

 monthly)  

a. <50 Tk 

b. 50-100 Tk 

c. 100-200 Tk 

d. > 200 Tk 

 

4) What represents your current primary occupation? (here primary means the occupation 

 in which this person spends more time and earn money from all the current occupations) 

a. Agricultural Farmer (crop related) 

b. on farm worker (natural resource-based job) 

c. off-farm worker (non natural resource-based job) 

d. Both on farm + off-farm  

e. Agriculture + on farm work 

f. Agriculture + off-farm work 

Others, Please specify ………………………. 

 

5) What represents the status of your current primary occupation? 

a. Full time  

b. Casual  

c. Casual but full time in near future 

d.  Not sure  

 

6) What are the occupations you consider as a secondary occupation? Please describe. 

 

7)  How much do you earn daily (taka) from your primary occupation? (If possible 

 monthly)  

a. <50 Tk 

b. 50-100Tk 

c. 100-200Tk 

d. 200-300 

e. 300-400 

f. >400Tk 

g. Others, please specify………………… 

 

                                                 

37 Taka= Bangladesh Currency, 1 taka= 0.013US$ 
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8)  How much do you earn daily (taka) from your secondary occupations? (If possible 

 monthly) 

a. <25 Tk 

b. 25-45Tk 

c. 45-65Tk 

d. >65Tk 

e. Others, please specify…………………… 

 

9)  Is your current monthly/daily income is higher than your previous occupation ’s 

income?  

 a. Yes 

 b. No 

 

10)  Do you feel any extra burden in the social and personal life due to the involvement of 

present primary occupation as part of climate adaptation?  

a. Yes, b. No 

 

11)   Other than income, how do you think that the new occupation affects you and your 

households? Please describe 

 

12)  After choosing a new occupation, have you bought any other household things? (Tick 

all  that applies) 

a. Change any household furniture 

b. Buy new household assets (example: TV, radio, any machines etc.) 

c. Buy new vehicle (example: cycle, van, rickshaw etc.) 

 

13)  How often do you feel sick in a year? 

a. Hardly once 

b. Once or twice 

c. Frequently 

d. Serious sickness 

 

14)  To what extent are you happy with your current occupation? (Tick one) 
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Very unhappy Unhappy Happy Very happy Not sure 

 

 15)  Do you have any preferred occupation rather than your current occupation? Please 

 describe 

 

16)   In general, do you believe that adaptation to climate change improves your socio 

economic household status? 

a. Yes, b. No 

c. Not sure 

 

17)  Are you particularly interested to be contacted by the researcher in future? (Please 

 specify it) 

a. Yes, b. No  

 

Please email me if you are interested to receive a copy of this research results. Any 

comments are also welcome. 

 

 

Thank you. 
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Appendix 7B: Difference-in Difference Estimation Results  

 

The difference-in-difference estimation process involves the policy change 

comparison before and after the policy change for treatment and control groups (Hill et 

al., 2011). Treatment groups are the groups that are affected by the policy change, 

whereas control groups or non-treatment groups are unaffected by the policy change. In 

this study, it was assumed that the treatment group consisted of household heads, those 

who had already diversified their primary occupations; whereas household heads who had 

not diversified occupation were part of the control group. A brief estimation equation and 

the model results are as follows; 

Consider the regression model,  

𝑦𝑖𝑡 =  𝛽1 𝑇𝑟𝑒𝑎𝑡𝑖 + 𝛽3  𝐴𝑓𝑡𝑒𝑟𝑖 +  𝛿 (𝑇𝑟𝑒𝑎𝑡𝑖 ∗  𝐴𝑓𝑡𝑒𝑟𝑖) +  𝑒𝑖𝑡  

In this study,  

𝑦𝑖𝑡 = Income of household head observed; 

𝑇𝑟𝑒𝑎𝑡𝑖= Adapt_Index (0= if individual 𝑖 is in the control group and 1= if individual 

𝑖 is in the treatment group; 

𝐴𝑓𝑡𝑒𝑟𝑖 = Year (0 = before the occupation diversification and 1= after the occupation 

diversification);  

𝑇𝑟𝑒𝑎𝑡𝑖 ∗  𝐴𝑓𝑡𝑒𝑟𝑖 = interaction term between Adapt_Index and Year; 

𝛿 = differences- in-differences estimator of the treatment effect. 
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Table 7B1: Difference in Difference Estimation Impacts Results on Income of 

Household Heads 

Occupation Diversification 

(Farming to Non-farming) 

 Difference in 

Difference ‘A’ 

Difference in 

Difference ‘B’ 

Difference in 

Difference ‘C’ 

Adapt_Index1 0.55** 

(0.287) 

0.55* 

(0.299) 

0.55** 

(0.291) 

* p<0.10  

** p < 0.05 

*** p < 0.001 

 

 

 

 

 


