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Abstract 

 

Development thinking has evolved over the time, and the role of space in economic 

growth and regional equity in economic development has become increasingly 

emphasized. While some reports, such as World Bank (2009), suggest resolution of the 

spatial problem by redistributing a part of the income generated in urbanized and 

agglomerated areas, some other reports and authors such as Barca (2012) have highlighted 

the importance of place-based policies for this purpose. The post 2015 development 

agenda of the United Nations also highlights the issue of regional equity. According to 

the literature on the economics of conflict, regional disparities in economic development 

can be one of the root causes for many conflicts -- while these conflicts can in turn 

contribute to further widening of those disparities. Sri Lanka is not an exception in this 

regard. Although regionally balanced economic growth is accepted as contributing to a 

cure for both problems, thus far rigorous quantitative studies analysing appropriate policy 

measures for reducing regional disparities whilst maintaining steady economic growth at 

the national level are lacking. Selection and implementation of an appropriate analytical 

tool to carry out such an analysis is another gap in the literature. 

 

This thesis attempts to narrow this gap by introducing an innovative approach in 

performing a comparative analysis of policies from both place-neutral and place-based 

approaches. Sri Lanka, a country currently motivated towards balanced regional 

development, is selected as an appropriate case for the analysis. Having reviewed 

available regional policy analysis tools, the bottom-up multiregional modelling approach 

coupled with regional disparity analysis is selected as the analytical tool. The 

multiregional CGE model developed for Sri Lanka is the first such model for the country. 

The novel research design it uses demonstrates a possible way of comparing suggested 

policies by considering their potential economy wide impacts. The relative merits of 

place-based versus place-neutral polices for generating national and regional economic 

growth is analysed with a set of illustrative policy simulations. As the results of these 

illustrative policy simulations indicate, in short run, the growth impact of the considered 

place-neutral policy is higher than that of the selected place-based policies. According to 

the long run results, the place-neutral policy generated higher level of national growth as 

well as improved disparity reduction impacts. The alternative policies selected for 
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robustness check suggest that this situation can vary with the industry considered for the 

place-based alternative. However, the thesis acknowledges the fact that a definitive 

comparison of the relative merits of these two alternative policy approaches is not feasible 

with only by simulating few selected policies directly related to a couple of sectors of a 

single country. Rather the thesis attempts to demonstrate the potential for adopting a 

multiregional CGE model based approach in evidence based policy appraisals for a 

country like Sri Lanka. It also suggests the possibility of extending this analytical 

approach for a more robust comparison of place-based and place-neutral policy 

approaches or alternative policies from either approach. The combination of CGE and 

regional disparity analysis highlights one possible means of accounting for the disparity 

reduction impact of a suggested policy during the process of appraisal.  The research 

framework developed for this study demonstrate the relevance of a multiregional CGE 

modelling approach in facilitating as evidence based policy appraisal process for a 

country. 
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 Chapter 1:  Introduction 

1.1. Introduction 

Development thinking has evolved over time and the role of space in economic growth 

and regional equity in economic development has become increasingly emphasized. Growth 

theories of the mid-nineteenth century with a neoclassical flavour were mostly targeted at 

increasing national output and achieving national economic efficiency. These theories fail to 

explain some of the growth patterns observed in the 1980s and 1990s, and new theories with 

spatial dimensions have emerged in response (Barca et al., 2012; Gill, 2010; Vanthillo & 

Verhetsel, 2012). While the role of geography in economic growth is discussed within these 

new growth theories, the importance of addressing regional equity in the development process 

is the latest trend to have emerged (Combes et al., 2008; Krugman, 1991, 1995, 1999). The 

process of globalization also encourages regions to capitalize on the local specificities in 

maintaining their competitiveness (Rodríguez-Pose & Crescenzi, 2008). Some academic 

writing and reports came out in the 21st century, such as World Development Report (World 

Bank, 2009) and a European Commission Report (Barca, 2009), which also shed light on the 

spatial issue of development and acted to increase the global awareness and interest on this 

subject.  

 

According to this literature there are two broadly defined development policy 

approaches: place-based and place-neutral. Policies designed without explicit consideration to 

space are labelled as “place-neutral” or spatially blind policies, with these policies targeted at 

generating economic efficiency, guaranteeing equal opportunities and improving the lives of 

individuals wherever they live or work (Barca et al., 2012). “Place-based” policies are targeted 

in producing some benefits to the people in a selected area. For example, a hypothetical policy 

to provide rice to all people in Sri Lanka at a lower price can be a place-neutral policy while a 

policy to provide financial support only to the rice producers in the Northern Province of Sri 

Lanka can be defined as a place-based policy. But as some authors such as Gill (2010) argue, 

there are not any purely place-neutral policies or place-based policies. In our example, though 

a universal low price rice policy is expected to equally benefit all regions, the areas with more 

and heavy rice consumers will receive more benefits while areas with less and low rice 

consumers receive comparatively lesser benefit. A policy to support rice producers in Northern 

Sri Lanka may create some benefits to all other provinces due to multiplier impacts associated 

with various forward and backward linkages. As some authors such as (Gill, 2010) suggest, 
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spatial differences in economic growth is an inevitable fact and the promotion of growth in 

areas with higher potential for growth is important in maximizing national growth and the 

growth in agglomerated and urbanized areas may spread into other areas over the time via 

trickle down effects. The World Development Report (World Bank, 2009) basically agrees 

with this concept and it further suggests that to overcome the three main dimensions of the 

spatial problem that it identifies (namely density, distance and division) governments should 

focus attention on three solution mechanisms, namely institutions, infrastructure, and 

interventions. However some development practitioners and authors, such as Barca (2009); 

Barca et al. (2012); Garretsen et al. (2013); Martin (2008) and McCann (2011), highlight the 

importance of spatially targeted or “place-based” development policies. The place-based 

approach suggests the need to focus on area specific development policies that consider the 

social, cultural and institutional characteristics as well as the natural and capital resource 

endowment of the geographical context (Ascani et al., 2012; OECD, 2009a, 2009b; Pike et al., 

2006). 

 

The literature on conflicts suggests that while regional economic disparities may be a 

cause for the conflicts, conflicts may in turn contribute to further widening of those disparities 

(Collier, 1995; Collier & Hoeffler, 1998; Collier et al., 2009; Østby, 2008). Sri Lanka is not an 

exception. Between 1983 and 2009 it suffered from a nearly three-decade long conflict between 

a Tamil militant group named as Liberation Tigers of Tamil Eelam (LTTE) and commonly 

known as the Tamil Tigers and government forces. Though this conflict was mainly 

concentrated in the Northern and Eastern regions, the economy of the whole country was 

severely affected (Abeyratne, 2004; Arunathilake et al., 2001). The country also experienced a 

couple of youth insurrections in the south. Even though the armed struggle of the LTTE for a 

separate state in the Northern and Eastern parts of Sri Lanka was widely interpreted as a 

terrorism problem, regional economic disparities that prevent access to the opportunities 

generated with economic development and globalization is often acknowledged to be a major 

cause of it (Abeyratne, 2004; Arunathilake et al., 2001; Dhananjayan, 2005; Grobar & 

Gnanaselvam, 1993; UNDP, 2012) The catchy slogan “Kolambata Kiri Gmata Kekeri” 

(Villagers have only low value cucumber, while people in Colombo enjoy the cream!) used by 

the revolutionary youth movement uprising in the late 1980s provides a good example of civic 

unrest aroused by regional inequality (Hasbullah & Morrison, 2004; Karnik, 2002; Sri Lanka, 

1990; Yeung & Lin, 2009).  
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The development problem of currently lower income countries, such as Sri Lanka, is 

twofold. Firstly, the countries have to find some means of increasing their national economic 

growth rates. Secondly, they often have to also find some way of overcoming socially 

unfavourable yet persistent regional economic disparities. Even though regionally balanced 

economic growth may seem to provide a cure for both of these issues (Aghion et al., 1999; 

Couttenier & Soubeyran, 2013), there exist very few empirical studies aimed at identifying the 

most appropriate policy mix for achieving that kind of development. The lack of an appropriate 

and practical economy-wide policy analysis tool for identifying the impacts of components of 

such a policy mix represents another gap in the current literature.  

 

This study aims to develop a new bottom-up multiregional Computable General 

Equilibrium (CGE) model based analytical approach for prioritizing the alternative 

development policies associated with place-based and place-neutral approaches by taking their 

economy-wide impacts into account. While this method basically considers the growth and 

regional disparity reduction impacts of these policies it also facilitates the comparison of 

policies based on numerous kinds of other economy-wide impact indicators. The development 

of a bottom-up multiregional CGE model for Sri Lanka for the first time is a major component 

of this thesis. The construction of the database for the model was started with a new supply-

use table and input-output tables for Sri Lanka which were also produced with some input from 

the researcher. A set of selected ongoing and suggested Sri Lankan policies are simulated and 

the outputs of these CGE simulations are linked with regional disparity analysis techniques for 

understanding the contribution of such policy shocks in regional disparity reduction. The 

systematic analysis of regional disparities in Sri Lanka is another contribution of this thesis. 

Finally, the relative merits of the policies, mainly in terms of growth and regional disparity 

reduction, as well as the possibility of using this approach in appraising the development 

policies of a country like Sri Lanka are discussed. 

 

The rest of this chapter is organized as follows. The next section highlights the main 

research gaps addressed in this thesis. The motivation for the study is given in section 1.3. The 

relevance of the Sri Lankan case for this study is briefly discussed within section 1.4. The main 

research question is identified and the objectives of the study are presented in section 1.5. The 

methodology and research framework is introduced in section 1.6, while section 1.7 provides 

an outline of the remaining chapters comprising this thesis. 
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1.2. The Research Gap 

The importance of spatial consideration in economic development is highlighted by many 

authors and reports (e.g. Fujita et al., 2001; Martin, 2008; McFarlane, 1999; Murdoch & 

Sandler, 2002; Nallari et al., 2012; World Bank, 2009). Regional inequality in development is 

also identified as a socially unfavourable phenomenon (Fujita & Hu, 2001; Kakwani, 1988; 

Sen, 1997; Smith, 2004; Williamson, 1965). The importance of a regional balance in 

development has been discussed for several decades (Coulombe & Lee, 1995; El-Kak, 2000; 

Gardiner et al., 2013; Hansen, 1965; Leigh & Blakely, 2013; Renaud, 1973; Sullivan, 1971) 

and more recently, the post-2015 development agenda of United Nations also highlights the 

importance of achieving some regional equity in economic development (Bates-Earner et al., 

2012; UN, 2013; UNDP, 2015). Some development policies with regional consideration are 

argued by some to represent a possible cure for the problem (Gardiner et al., 2013; Garretsen 

et al., 2013; Yusuf et al., 2014). Several authors have discussed the merits of place-neutral and 

place-based policy options in national and regional economic development. While one group 

of scholars and organizations favour place-neutral policies (e.g.: Gill, 2010; World Bank, 2009) 

some other authors highlight the importance of making some targeted interventions with place-

based policies (Barca, 2009; Barca et al., 2012; Glasmeier et al., 2008; Martin, 2008; Tomaney, 

2010). Though this policy debate has been present in the literature for some time, to date, there 

have not been many attempts to compare them by comprehensively by analysing the economy-

wide impact of some development policies of each approach (Varga, 2014; Wijerathna, 2014). 

The lack of a proven analytical approach for analysing and prioritizing suitable policy options 

for regionally balanced development, by considering the economy-wide impact of those 

policies, represents a considerable gap in the existing literature. 

 

Sri Lanka is currently classified as a middle income country and it is aiming to achieve a 

higher growth rate and reduce long lasting regional disparities in economic growth. A sound 

development plan with explicit regional consideration is vital for the country in this instance 

(Buthpitiya, 2013; de Melo & Pathmalal, 2009; NPD Sri Lanka, 2010). The lack of a proven 

and practical analytical tool for regional development planning is a crucial constraint 

experienced by the development practitioners and policy makers (Wijerathna et al., 2013; 

Wijerathna et al., 2014).  
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1.3. Motivation 

Policy makers and development practitioners have been discussing and arguing about the 

relevance of place-based and place-neutral policy options for development for some time. Most 

of the available discussions are qualitative in nature and there are only a few attempts to 

quantitatively analyse and compare these two policy approaches. Economy-wide analytical 

attempts to understand the relevance of these two policy approaches are really limited (Varga, 

2014; Wijerathna et al, 2014). Several authors of multiregional CGE analysis have discussed 

the relevance of simulated policies in achieving regional disparity reduction (Ferreira Filho & 

Horridge, 2006; Kim & Kim, 2002; Li & He, 2010; Naranpanawa & Bandara, 2011; Yusuf et 

al., 2014; Zhaoyuan & Shantong, 2008). However, there are hardly any attempts at linking the 

output of CGE simulations with systematic disparity analysis based on regional GDP values or 

the use of these simulations to empirically test the regional disparity reduction impacts of 

simulated alternative policy options. 

 

This research is designed to analyse and compare the economy-wide regional impacts of 

two selected policies of place-neutral versus place-based nature using an innovative empirical 

method. Firstly it develops a new multi-regional CGE simulation approach for comparing the 

policies by taking their economy-wide impacts into consideration. Secondly it combines these 

multi-regional CGE results with traditional regional disparity analysis -- thereby empirically 

estimating the disparity reduction impact of each policy. The study aims to provide some 

contribution to wider discussion on the relevance of place-based and place-neutral policies for 

regionally balanced development. Further it also attempts to highlight the possibility of using 

a multi-regional CGE model based approach for systematically identifying and prioritizing 

suitable development policies options for Sri Lanka. Sri Lanka is selected as a case study for 

this research due to several reasons. Those reasons are briefly discussed in the next section. 

Nevertheless the approach employed in this study is argued to be applicable to any other 

country seeking to streamline its policies for achieving regionally balanced or equitable 

development.  

 

1.4. The Sri Lankan Case 

Sri Lanka is a small developing island located in the Indian Ocean. As many analysts 

have pointed out, it had a huge potential for boom as a promising nation during its immediate 

post-colonial independent era (Bandara & Jayasooriya, 2010; Kelegama, 2000; Snodgrass, 
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1998; Wijerathna et al., 2014). With its strategic location, stunning and diverse natural 

environment, level of human development and established democratic system, Sri Lanka had 

ample opportunity to become a strong island economy similar to Singapore. Though it was also 

identified as a model developing country in the 1950s and 1960s, it did not achieve the expected 

growth. Shortcomings in the economic policies it adopted, civil conflicts, issues in governance 

and the lack of a long-term vision are the main causes that hindered its economic growth 

(Bandara & Jayasuriya, 2007; Snodgrass, 1998; Wijerathna et al., 2014). Inadequate attention 

in capitalizing diverse opportunities in different regions of the country and inadequate steps 

taken to minimize the regional disparity were also characteristic of its development in this 

period. While those widening disparities can be argued to have induced internal conflicts, these 

conflicts in turn contributed to further widening of those disparities. Two youth insurrections 

took place in Southern Sri Lanka in early 1970’s and late 1980’s and the long-lasted armed 

struggle led by the LTTE based in the north and east created adverse effects on the national 

economy. Even though the rulers of the country could militarily suppress the Southern youth 

insurrection within a short-time period, the separatist war initiated by the LTTE continued on 

for 30 years (Arunathilake et al., 2001; Grobar & Gnanaselvam, 1993). A decisive end to the 

armed conflict was achieved by the Sri Lankan armed forces in 2009. However, the country 

has a long way to go to achieve long-term peace and reconciliation with sustainable economic 

growth. At this juncture, the country has to implement some realistic assessment of the 

economy and adopt pragmatic economic policies that are not motivated by political gains. The 

end of the war in 2009 has given another opportunity to Sri Lanka to capitalize on the potential 

opportunities that it had forgone for decades (Wright, 2009). Since the production potentials of 

different regions in the country are diverse, some decentralized area-specific planning starting 

from the grass roots level is vital in optimizing the use of untapped and underutilized resources 

in all regions. The regional concentration of different community groups and differences in 

their socio-cultural and economic interests also need to be taken into account (Wijerathna et 

al., 2013). 

 

Currently the country has some political motivation and highly ambitious targets for post-

civil-war regionally balanced sustainable economic growth. The importance of a decentralized 

planning process in achieving a regionally balanced sustained development is also under 

discussion. Even though the country has some ongoing and suggested place-neutral and place-

based regional development policies and projects, few attempts have been made to analyse the 
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potential economy-wide development impact of those projects and their relevance in achieving 

the targets set for sustained, regionally balanced development.  

 

A systematic analysis of the economy-wide impact of proposed and potential policies 

and projects is essential in understanding the best approaches and policies for the country. A 

well-structured comprehensive database and an analytical model is a prerequisite for sound 

policy analysis. Even though some countries use relevant policy analysis tools such as Social 

Accounting Matrix (SAM) based models, Input-Output (I-O) models and Computer General 

Equilibrium (CGE) models for this purpose, Sri Lanka has used limited regional level 

quantitative analyses to guide policy-making mainly due to the lack of appropriate economic 

models, regional economic data and the shortage of regional policy analysts (Wijerathna et al., 

2013; Wijerathna & Karunagoda, 2007).  

 

1.5. The Research Question and Objectives of the Research 

This research addresses the following research question using Sri Lanka as a case study:  

 

 Can a multiregional CGE model based quantitative method be used for analysing the 

relative merits of alternative policies incorporating place-based and place-neutral 

approaches aimed at achieving regionally balanced economic growth in a developing 

country context? 

 

In the process of answering the above research question, this thesis attempts to achieve 

the following specific objectives: 

 

1. To conceptualize a method of analysing and comparing the regional economy-wide impacts 

of place-based and place-neutral development policies; 

2. To develop top-down and bottom-up Sri Lankan Regional economy-wide (CGE) models by 

following the Australian top-down economy-wide model (known as ORANI) and the 

bottom-up economy-wide model (known as The (Australian) Enormous Regional Model 

(TERM)) as developed by the Centre of Policy Studies (COPS), currently located in Victoria 

University; 
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3. To analyse the economy-wide effects of a limited number of identified development policies 

of a place-based and place-neutral nature;  

4. To identify the relevance of place-based and place-neutral policies in achieving regionally 

balanced economic growth by considering their growth and regional disparity reduction 

impacts;   

5. To learn lessons from the Sri Lankan case study and draw inferences for other developing 

countries.  

 

1.6. Methodology 

Having reviewed numerous policy analysis techniques, the multiregional CGE modelling 

technique is identified as the most appropriate analytical method for this research. It is 

supplemented with some regional disparity analysis tools employed for identifying the regional 

disparity reduction impacts of the policies considered. 

 

This study has four steps. Firstly, it starts with available Supply-Use Tables (SUT) and 

I-O databases for Sri Lanka and develops new Sri Lankan national and top down regional CGE 

databases and models by following the Australian ORANI modelling techniques. Secondly, a 

Sri Lankan bottom-up multiregional CGE database and model was developed for the first time 

for Sri Lanka by following the Australian TERM modelling technique. Thirdly, this model was 

used to analyse the economy-wide impacts of an identified limited number of potential regional 

development policies displaying both place-based and place-neutral characteristics. A couple 

of additional simulations were also carried out to test the regional and industry sensitivity of 

the results of this analysis. Finally, the relevance of place-based and place-neutral policies as 

vehicles for creating regionally equitable development is discussed. So too is the usefulness of 

a multiregional CGE model based approach for prioritizing these alternative policies. Figure 

1.1 depicts the broad research framework used in this study. It can also be argued to depict a 

potential multiregional policy analysis and planning approach for use in a country like Sri 

Lanka.  

 

As depicted in Figure 1.1, the development of new CGE databases starts with national 

level SUT and I-O databases and the development of SUT and I-O databases starts with some 
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published and unpublished data. Though this study started with some alredy compiled national 

databases, the researcher has provided a considerable contribution in improving the available 

datbases during his PhD. The main component of the research, policy simulation using a CGE 

 

Figure 1.1: The research framework

 

Source: Author 

 

model, was started after carying out a systematic analysis of regional level economic disparities 

in Sri Lanka. Some existing and published regional GDP data from the Central Bank of Sri 

Lanka is used for this purpose. This disparity analysis is important in the identification of 

comparatively poor regions that arguably require some immediate policy interventions. The 

potential development policy options for the policy experiments at the heart of the thesis were 

identified out of the suggested development policy options described in Planning Ministry of 

Sri Lanka reports. Further the above research framework also shows the possibility for 

incoporating multiregional CGE model based simulations in ongoing development of policy 

making and prioritizing in Sri Lanka (or any other country for which a multiregional CGE 

model is available or can be developed). 

 Analysis of Regional 
Disparities 

 Identification of 
Development Needs 

National  
Input-Output 

Table 

Stage1: National and 
Regional (Top-down & 

Bottom-up) Databases for 
CGE 

 Stage 2: Regional (Top-
down & Bottom-up) 
Computable General 

Equilibrium Models for 
Sri Lanka 

Identification of 
Suitable Policies / 

Approach 
(Place-based or place-neutral) 

National Supply-
Use Table- SUT 

National 
Recodes 

Primary 
Data 

Previous 
Research 

Stage 3: Policy 
Simulation/ 

Impact Analysis 

Policy 
Cycle 

* 

** 

*      *   Based on unpublished supply-use and input-output tables of Department of Statistics Sri Lanka  
** Two main development policies (suggested and ongoing) given in current national development plan of Sri Lanka 

(NPD 2010) are selected for the analysis 
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1.7. Outline of the Thesis 

This thesis consists of eight chapters. The second chapter starts with a description of sub-

national level regional disparities in development and carries out a systematic regional disparity 

analysis for Sri Lanka. The chapter also includes a discussion on the global experience of 

regional disparities and discusses some policy options for mitigating this problem. It introduces 

debate around the role of place-based versus place-neutral policies in this mitigation process. 

The third chapter comprises a literature review related to different methods that can be used 

for regional and multiregional policy analysis. It discusses the use and limitations of number 

of policy analysis techniques and identifies the method of multiregional CGE modelling as the 

most appropriate analytical approach for this study. The structure of the Sri Lankan top down 

and bottom-up models developed in this study are discussed in the fourth chapter. This chapter 

highlights previous Sri Lankan attempts for CGE based policy analysis and discusses their 

limitations and the purpose of this thesis. The methods used for constructing the Sri Lankan 

databases used in the development of both the top-down and bottom-up CGE models used in 

this study are explained in chapter five. This chapter also includes a description of the equation 

structure of these models. The sixth chapter provides some background description of, and 

justification for, the policies selected for the simulations carried out in seventh chapter. The 

seventh chapter reports the results of the CGE model based policy experiment aimed at a 

comparison of the economy-wide impact of a place-neutral and a place-based policies with the 

same implementation cost. These results were also used as an input into regional disparity 

analysis to understand the impact of each policy option on the achievement of the regionally 

balanced economic growth goal. The robustness of the results was also considered together 

with some systematic sensitivity analysis. The last, and the eighth, chapter provides some 

concluding remarks related to this study. It also considers some limitations of the study and 

identifies some directions for further research. 

 

1.8. Concluding Remarks 

The main purpose of this chapter was to introduce the research question identified for 

this thesis. It also described the research framework and the methodology selected for the 

analysis. The next chapter describes in more detail the difficulties for nations in selecting 

among alternative development-oriented policies where significant pre-existing regional 

disparities place constraints on the political acceptability of the pursuit of a ‘national growth-

at-all-cost’ stance on the part of planning ministries.  
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 Chapter 2: Regional Disparities in Development and Emerging Policy 

Responses 

2.1. Introduction 

Regional disparity in development is a socially unfavourable phenomenon yet to be fully 

addressed by both developed and developing countries. The problem of inequality in income 

distribution is identified to be a root cause for social dissatisfaction and political instability in 

many countries (Kanbur & Venables, 2005; Lessmann, 2015; Sen & Foster., 1997; Xue, 2012). 

Hence this problem has engaged the attention of development practitioners and policy makers. 

A number of authors have analysed economic disparities in different countries, tried to 

understand the pattern and causes for disparities, and suggested various policy options for 

overcoming this long lasting problem (Lessmann, 2011; Novotný, 2007; Sen, 2004; UN, 2013; 

Williamson, 1965). Different policy options suggested by these authors for reducing regional 

disparities while sustaining some national growth can be broadly categorized into two groups 

as place-based and place-neutral policies (Barca et al., 2012). The process of developing policy 

interventions to overcome the problem of regional disparity should ideally be started with an 

understanding about the level of existing disparities and their behaviour over the recent past.  

 

This chapter starts with a brief discussion on the global experience and views on regional 

economic disparities are also given in section 2.2. Some estimated regional disparity indicators 

for a number of different countries as documented by various authors has also reported in this 

section to better inform the position of Sri Lanka in this regard. Section 2.3 undertakes a 

detailed systematic analysis of regional disparities in Sri Lanka using some standard indicators. 

A paper incorporating the analysis carried out for this section was published in Vol 21 No.2 of 

Asia Pacific Development Journal (Full text available online1).  

 

2.2. The Role of Space in Development: Evolution of the Concept 

The concept of economic development, as well as the subject of development economics, 

has evolved during the post-world war II context (Todaro & Smith, 2000). During the early 

stages material development was viewed as being the only form of development deserving of 

attention (Ellis, 1992; Ellis & Biggs, 2001). During the post-world war II era, most of the 

countries remaining as colonies achieved independence and started to establish separate 

                                                 
1 http://www.unescap.org/sites/default/files/5-Part4-Wijerathana.pdf  

http://www.unescap.org/sites/default/files/5-Part4-Wijerathana.pdf
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identities with inward looking policies. Scholars subsequently started to think about alternative 

strategies and policies suitable for the economic growth of less developing countries 

(Thorbecke, 2000, 2006). Development economics evolved as a separate branch of study 

(Meier & Stiglitz, 2001; Ray, 1998). Development economists analysed the reasons for slow 

development of developing countries and proposed means of accelerating their development 

processes (Ray, 1998; Sen, 1983). Discussions on the role of space in development also 

emerged in the 1950s (Hirschman, 1958) and the subject of regional development has evolved 

as an important sub-discipline within development economics (Nijkamp & Abreu, 2009). The 

importance of considering regional development aspects in national planning was discussed by 

Friedmann and Alonso (1964). Dawkins (2003) has also reviewed a number of different 

alternative regional development theories. 

 

2.3. Global Experiences in Analysing Regional Disparity 

Inequality in the level of wellbeing of individuals living in different regions is referred 

to as regional disparity. Similar to the concept of development, the indicators used in measuring 

the level of development of a country or region has also evolved over time. Initially regional 

development was mostly viewed as material growth and measured by the growth in regional 

GDP. But later many dimensions such as equity, social wellbeing components such as health 

status, level of education, leisure and happiness and sustainability have been added to the 

concept. Yet the economic growth rate measured with per capita GDP is considered as a good 

proxy for assessing the level of development of a nation and its constituent regions since the 

other aspects mostly vary with the level of income. Further it simplifies the process of 

accounting, especially in developing nations where paucity of available and consistent data 

often prevents use of other indicators of development in academic research. Most of the 

regional disparity analysis found in the literature is also based on per capita GDP comparisons.  

 

The seminal work of Williamson (1965) focussed global concern related to regional 

disparities and introduced some practical means of empirically analysing these regional 

disparities. Barro et al. (1991) introduced a more rigorous method for analysing the regional 

disparities across subnational regions of a country. Kanbur and Venables (2005) discuss the 

nature and causes of spatial inequality by analysing data from 25 countries for a 20 year period 

and also consider some policy responses for the issue. Lessmann (2011) discusses the 

difference in regional inequality in developed, developing, centralized and decentralized 
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countries by analysing regional inequalities in 56 countries. An extract of the regional 

inequality indices calculated by Lessmann (2011) is given in Table 2.1 and this is important in 

understanding the level of inequalities in countries at different stages of development and 

different administrative systems.  

 

Table 2.1: Regional disparities in different countries across the globe 

Country Global Region Coefficient of 

Variation 

GINI 

Coefficient 

Weighted 

Coefficient of 

Variation 

Reference 

period  

Canada North America 0.26 0.16 0.15 1980-2009 

United States North America 0.36 0.14 0.17 1980-2009 

Brazil Latin America 0.55 0.31 0.48 1980-2009 

Chile Latin America 0.48 0.26 0.35 1980-2009 

Colombia Latin America 0.65 0.31 0.43 1980-2009 

Mexico Latin America 0.51 0.26 0.55 1980-2009 

Panama Latin America 0.60 0.38 0.46 1980-2009 

South Africa Africa 0.35 0.22 0.41 1980-2009 

Tanzania Africa 0.32 0.17 0.37 1980-2009 

Netherlands Europe 0.16 0.1 0.14 1980-2009 

Portugal Europe 0.22 0.13 0.26 1980-2009 

Romania Europe 0.34 0.17 0.32 1980-2009 

Georgia Europe 0.19 0.12 0.19 1980-2009 

United 

Kingdom 

Europe 0.28 0.12 0.33 1980-2009 

Russian 

Federation 

Eurasia 0.39 0.23 0.36 1980-2009 

Kazakhstan central Asia 0.83 0.38 0.72 1980-2009 

Uzbekistan Central Asia 0.52 0.32 0.51 1980-2009 

China East Asia 0.68 0.33 0.5 1980-2009 

Japan East Asia 0.13 0.07 0.14 1980-2009 

Philippines south East Asia 0.51 0.29 0.62 1980-2009 

Thailand south East Asia 0.88 0.43 0.88 1980-2009 

India South Asia 0.52 0.22 0.37 1980-2009 

Iran, Islamic 

Rep. 

Middle east 0.77 0.33 0.56 1980-2009 

Australia Oceania 0.15 0.09 0.08 1980-2009 

New Zealand Oceania 0.09 0.08 0.07 1980-2009 

Source: Adapted from Lessmann (2011). 

 

Note: The indicators given in this table (weighted and non-weighted Coefficient of Variation and GINI coefficient) 

to analyse regional disparity are defined and described in section 2.5.3 of this chapter.  
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As Lessmann (2011) has indicated the problem emerges in countries with both 

centralised and decentralised political systems. Further he suggests that the problem may get 

worse with the decentralization of poor economies though such structures appear also in some 

developed economies. Shankar and Shah (2003) have analysed the regional disparities in 18 

countries from different parts of the world, including Sri Lanka, and point out that the problem 

is present in both developed and developing countries as well as within the countries with 

federal and unitary governments. See Table 2.2. 

 

Table 2.2: Regional disparities in federal and unitary states 

Country Global 

region 

Administrative 

pattern 

Coefficient 

of 

Variation 

Weighted 

Coefficient 

of 

Variation 

GINI 

Coefficient 

Reference 

Year 

Brazil Latin 

America 

Federal 0.563 0.468 0.334 1997 

India South Asia Federal 0.387 0.414 0.226 1997 

Mexico Latin 

America 

Federal 0.473 0.571 0.253 1997 

Pakistan South Asia Federal 0.186 0.15 0.113 1997 

Russia Eurasia Federal 0.625 0.645 0.283 1997 

Chile Africa Unitary 0.486 0.334 0.267 1994 

China East Asia Unitary 0.692 0.924 0.351 1997 

Indonesia East Asia Unitary 0.827 0.716 0.378 1997 

Nepal South Asia Unitary 0.157 - - 1996 

Philippines East Asia Unitary 0.53 0.532 0.307 1997 

Poland Europe Unitary 0.206 - - 1996 

Romania Europe Unitary 0.189 0.174 0.106 1996 

Sri Lanka South Asia Unitary 0.362 0.394 0.397 1995 

South 

Africa 

Africa Unitary 0.621 0.639 0.352 1994 

Thailand East Asia Unitary 0.797 0.925 0.438 1997 

Uganda Africa Unitary 0.274 - - 1997–98 

Uzbekistan Asia Unitary 0.353 0.355 0.155 1997 

Source: adapted from Shankar and Shah (2003),  

 

Note: Only the unweighted coefficient of variation has been estimated for Nepal, Poland and Uganda (by the 

original author) due to the limitations in data. In the original paper, the unweighted coefficient of variation (CV) 

of Sri Lanka is mistyped as 3.362. However, the paper explains that this indicator varies between 0 and 1. So the 

problem in the Sri Lankan CV is corrected by assuming that the initial 3 is mistyped and the actual CV is 0.362. 

 

Other authors have also analysed the regional disparities in some selected countries 

using different indicators. Reviewing of all those different studies is beyond this thesis. 

However regional disparities in Sri Lanka have been considered by only by a few authors 
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(Karunaratne, 2007a, 2007b; Shankar & Shah, 2003) and none of them have considered 

intertemporal variation in disparity by considering the evolving nature of the indicators over a 

time. 

 

2.4. Policies Responses for Regional Disparities in Development: Place-based 

versus Place-neutral  

The issue of regional disparities in development has been a growing concern for policy 

makers for several decades (Kanbur & Venables, 2005; Lessmann, 2011; UN, 2013; 

Williamson, 1965). Both development economists and regional experts have attempted to 

analyse the issue and find ways of addressing the problem. With the advent of globalization, 

the issue has received more attention from policy makers and international development 

organizations. With the rapid integration of countries in the world economy (or globalisation), 

some of the previously accepted approaches to this issue have been called into question and 

some new responses to those issues have emerged. Until recently, development interventions 

adapted at both the national and sub-national levels were mostly in line with ideas of well-

known development economists such as Solow, Hirschman and Rostow (Hirschman, 1958; 

Myrdal, 1958; Rostow, 1956; Solow, 1956). New economic geographic (NEG) theories 

emerged in the 1990’s and political developments took place in the European Union that have 

shed new light on the regional dimension in the development agenda (Fujita & Krugman, 2003; 

Krugman, 1990). The millennium development goals suggested by the international 

community and led by the United Nations also highlight the importance of equity in 

development though they have not set sub-national level targets. A number of recent reports 

published by well-known international bodies such as the World Bank, EU, OECD and the 

Latin American Development Bank (for example, World Development Report 2009 (World 

Bank 2009), European Commission report (Barca, 2009), OECD Report (OECD 2009a, 2009b) 

and Latin American Development Bank Report (CAF 2010)) have further highlighted the 

importance of regional issues in economic development (Barca et al., 2012).  

 

The World Development Report 2009: “Reshaping Economic Geography” has 

highlighted the relevance of economic geography in development policy making and advocated 

the idea of promoting the agglomeration, megacities and production activities concentrated in 

urban centres. In this report, three possible spatial bound problems in the development process 

of countries have been identified as density, distance and diversity and those problems are 



 

16 

 

suggested to be solved with three mechanisms of integration, institutions and interventions. 

The tendency for concentration of economic activities towards cities or increasing density and 

agglomeration is a major contributor to regional disparities. Even though the effective distance 

between economic agents and markets is narrowing down with the process of globalization, 

the distance between different economic agents is still a considerable spatial issue. Long lasting 

social, political as well as some natural resource based divisions between and within countries 

and policy-related barriers for international and interregional economic transactions are other 

factors that worsen the spatial economic problem (see World Bank, 2009 for details). Economic 

problems induced by the above three factors are suggested to be solved by three mechanisms. 

Integration of economic activities is identified as a key strategy for reducing the regional 

disparities. A well-organized set of institutions is required in mitigating the problem through 

integrating and inducing economic activities in a more dispersed manner (again see World 

Bank, 2009 for more details).  

 

Some authors such as (Barca et al., 2012) have questioned the suitability of development 

approach advocated by the World Bank and suggested an alternative approach. In particular, 

these authors have identified two broad approaches for regional development, namely place-

based and place-neutral. The approach to development led by a focus on agglomeration with 

new development projects and industries concentrated into urbanized areas, and which does 

not explicitly consider space, is called as a place-neutral approach. The approach to 

development that promotes new development initiatives within less developed regions so that 

untapped resources in less developed areas can also be employed in the national production 

process is named as a place-based development approach. As they argue, place-based policies 

that are designed to fully exploit the potentials of alternative places are more appropriate for 

achieving regionally inclusive development. Sen (2008)’s suggestion for some tailor-made 

policies and institutions for different localities is consistent with the notion that place-based 

policies require local and regional actors to play a leading and constructive role in development 

policy formation and implementation. 

 

Though there remains considerable debate in the literature and practitioner communities 

on the relative merits of place-based and place-neutral approaches to regional development, no 

clear evidence exists about the appropriateness of one approach over the other. The suitability 

of those approaches can vary with the conditions of different localities, and while one of the 

above approaches may be preferable for one location, a mixture of them may be appropriate 
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for another location. Hence development of tools for use in the selection of an appropriate 

policy mix for a region or nation is critical. 

 

2.5. Sri Lankan Experience in Development and Regional Disparities 

Similar to many other developing countries, Sri Lanka also suffers from the problem of 

persistent regional disparities (Karunaratne, 2007a; Shankar & Shah, 2003; Wijerathna et al., 

2012). As discussed in chapter 1, the country failed in maintaining the predicted vibrant growth 

associated with its initial post-colonial era due to several reasons including the long lasting 

civil conflicts.  

 

After ending a long destructive armed conflict in 2009, Sri Lanka has gained another 

chance to refocus on its lost opportunities and to streamline its policies and strengthen its 

institutions so that it can capitalize on its current development potential. To ensure the 

longevity of post-war economic and political stability while at the same time focussing on the 

post-2015 UN development agenda in addressing inequalities, post-war development strategies 

of the country have to address two basic questions:  

(1) How to increase its national growth by best capitalizing on the available potential, 

and  

(2) How to reduce regional inequality and bring long term peace and stability.  

 

In fact, the former Sri Lankan government started implementing a regional development 

strategy targeting lagging regions with its well-known ten-year development strategy under the 

banner of Mahinda Chintana (MC) (NPD Sri Lanka, 2010). The MC gives priority to 

investments in infrastructure on the basis of the rationale that development of road 

infrastructure, for example, will rebalance regional economic growth. It also identifies a 

number of other policy measures to rebalance economic development emphasising their 

contribution to both spatial equity and economic efficiency (World Bank, 2010). 

 

Clear understanding about the current level of economic disparities and the dynamics of 

those disparities during the past is of key importance in evaluating the impact of MC and in 

formulating further development strategies to reduce regional disparities. Furthermore, related 

economic theories and insights from global experiences can also play a vital role in identifying 

the most suitable development policies for the country in its current context (World Bank, 
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2010). Although the issue of balancing regional economic growth and reducing regional 

inequalities has attracted considerable policy interest in recent years, the number of studies on 

this issue is relatively sparse and limited. See for example, (Bandara & Jayasooriya, 2010; 

Gunewardena, 2008; Karunaratne, 2007a, 2007b). Therefore, there is an urgent need for a 

comprehensive and updated empirical analysis on regional disparities in Sri Lanka to cover the 

MC and post-war years, despite a weak regional statistical database to support such analysis 

compared with a number of other countries.  

 

The main objective of this section, therefore, is to conduct a comprehensive empirical 

analysis on regional disparities using the available scattered and weak regional statistics on 

GDP. The section also provides a brief review of related theories and global experiences in 

analysing and mitigating regional disparities. On the basis of the empirical analysis of regional 

disparities, the section suggests some potential policy options that Sri Lanka could adopt in 

vitalizing its process of development for vibrant growth coupled with enhanced regional 

convergence. 

 

2.5.1. Sri Lankan Regions: Stylized Facts 

Sri Lanka is a small island in the Indian Ocean, located at the south east of the Southern 

tip of the Indian sub-continent. It had its own ruling system with a Monarchy for over two 

millennia up until it became a colony of three different European countries in the second half 

of the 20th century. Coastal parts of the country were under the control of the Portuguese from 

1505 to 1656 and the Dutch from 1656 to 1796. The British took control over these coastal 

parts from the Dutch in 1796 and ruled until 1815. After capturing the last Sinhalese kingdom 

in the hill country (the Kandyan Kingdom) the British ruled the whole country as a colony of 

Great Britain from 1815 to 1948 (De Silva, 1981). After gaining independence in 1948, Sri 

Lanka continued with the parliamentary democracy that it inherited from the British. During 

the British period, the country was geographically divided into 9 provinces (See Figure 2.1).  

 

Except for a brief period of the continuation of colonial open economic policies 

immediately after independence (from 1948-1957) and a brief episode of partial trade 

liberalisation (from 1965-1970) Sri Lanka had a centralized unitary government with closed 

economic policies. The right-of-centre government led by the United National Party (UNP), 

which came to power in 1977, opened the economy by introducing a trade liberalisation 
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package and undertaking other structural reforms including privatisation. In 1978, the newly 

elected government also introduced a new constitution making considerable changes to the 

administrative system. As a response to growing regional unrest, especially in the Northern and 

Eastern provinces with the Tamil speaking majority and the Indian intervention in 1987, the 

13th amendment to the 1978 constitution was made to establish provincial councils as a second 

layer of government (Leitan, 1990; Marasinghe, 2007; Sri Lanka, 1987). 

 

Figure 2.1: Sri Lankan Provinces and their contribution to national GDP 2011 

 

Source: Central Bank of Sri Lanka (2013) and Author’s calculations 

 

 

With the introduction of the provincial council system, the planning and administrative 

activities of Sri Lanka were decentralized to a certain extent. Due to variations in natural 

conditions, resource endowments and socio cultural settings, the production systems and 

economic conditions also vary across the provinces. According to statistics for 2011, 44 percent 

of national GDP is produced in the Western province (WP), where the capital city and 

commercial centre of Sri Lanka, Colombo, is situated, with 5.7 percent of land area and 28 

percent of the population. See for details, (Bandara & Jayasooriya, 2010; Wijerathna et al., 

2013; World Bank, 2010).  

 

The distribution of the land area, population and economic activity across the provinces 

is given in Table 2.3. Further detail is provided in Appendix 2A.1. 
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Table 2.3: Land area, population and GDP of Sri Lankan regions (2011) 

Province Land 

Area 

(Sq.km) 

Land 

Share 

(%) 

Population 

'000) 

Population 

Share (%) 

GDP  

(RS 

Billion 

– Nominal 

Prices) 

GDP 

Share 

(%) 

GDP per 

Capita 

(Rs.) 

GDP per 

capita 

relative to 

Nation (%) 

Western  3,593 5.7 5,919 28.4 2,905 44.4 490,792 157 

Southern  5,383 8.6 2,519 12.1 727 11.1 288,607 92 

North Western 7,506 12.0 2,366 11.3 652 10.0 275,571 88 

Central  5,575 8.9 2,719 13.0 644 9.8 236,852 76 

Sabaragamuwa 4,921 7.8 1,962 9.4 406 6.2 206,932 66 

Eastern  9,361 14.9 1,584 7.6 375 5.7 236,742 76 

North Central 9,741 15.5 1,255 6.0 300 4.6 239,044 76 

Uva 8,335 13.3 1,342 6.4 292 4.5 217,586 69 

Northern  8,290 13.2 1,203 5.8 241 3.7 200,333 64 

Total / National 62,705 100.0 20,869 100.0 6,542 100.0 313,479 100 

Source: Central Bank of Sri Lanka (2013) and authors’ calculations. 

 

GDP per capita, shown in last two columns of this table (in absolute terms and as a share 

of that of the nation), demonstrates the economic dominance of the Western province (with a 

per capita GDP of 157% of the national average) and the relative weakness of Northern, Uva, 

North Central and Eastern provinces (which have 64, 69, 76 and 76% respectively). This is 

consistent with the finding of Bandara and Jayasuriya (2010, p12) who argue that    “…it is 

clear that WP differs significantly from other regions: it has much higher per capita income 

and lower rate of poverty, industry and services dominate the structure of the economy (with 

agriculture’s share being almost negligible), accounts for most of manufacturing industry in 

the country (number of establishments, employment and value added), and has better 

infrastructure facilities (road density, communication facilities and access to financial 

facilities).” 

 

These regional inequalities can also be observed in other regional economic data 

published by the Department of Statistics (DCS) and the Central Bank of Sri Lanka (CBSL). 

According to recent estimates of differences in real living standards, the gap between Western 

Province (WP) and other regions in the country has increased from 1990/91 to 2001/02 (see 

Gunawardana, 2008; Bandara and Jayasuriya, 2010). 
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To date, only a handful of studies have attempted to explain the reasons for the regional 

disparities in Sri Lanka observed in the literature. For example, Castro and Devarajan (2006, 

p. p.2) argue that market oriented reforms (such as liberalization of trade deregulating industry 

and promoting private investment) benefited the Western province due to its superior location 

and infrastructure. Critically reviewing the above simplistic explanation, Bandara and 

Jayasuriya (2010, p. 213) argue that historical evolution of policies and political factors created 

‘initial conditions’ favourable to the WP and the nearly three decades of war which ended in 

2009 created strong regional disparities. They further argue that the factors that produced the 

existing distribution of economic activities and the infrastructure and institutions have been the 

main reasons for the existing regional disparities (see Bandara and Jayasuriya, 2010). 

 

Against the above background on stylised facts on regional disparities and the current 

government’s policies of targeted intervention in reducing regional disparities under the MC 

policy framework, it is important to undertake comprehensive empirical analysis to contribute 

to better future policy formulation and to assist in monitoring the impacts of recent targeted 

policy interventions. 

 

2.5.2. Evidence from Previous Studies 

As it was noted in section 2.3, globally there are number of attempts at analysing 

economic disparities among sub national regions. However, only a few attempts have been 

made to analyse regional level disparities within Sri Lanka (Bandara and Jayasooriya, 2010; 

Gunewardena, 2008; Kakwani, 1988; Karunaratne, 2007a, 2007b; Uduporuwa, 2007). Two of 

these studies are based on theories of convergence. Shankar and Shah (2003) have considered 

the level of regional disparity among Sri Lankan provinces during the period 1990-1995. They 

have also compared the level of regional disparity in Sri Lanka together with some other 

developed and developing countries either with unitary or federal governing systems. 

Karunaratne (2007a) analyses the provincial disparity of per capita income in Sri Lanka with a 

sigma convergence analysis that he carried out using the coefficient of variation measure for 

the period 1998-2003. 

 

The regional disparity analysis performed in this thesis is unique compared to previous 

studies due to number of factors. Firstly it is based on regional GDP data for 16 consecutive 

years. Most other regional studies focussing on Sri Lanka are based on data for either a short 
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period or a few selected reference years. Since our analysis includes the pre and post Sri Lankan 

civil war era it is also helpful in understanding the regional development impact of this 

phenomenon. Finally this thesis uses five established indicators to analyse regional disparity, 

which is significantly more than used by other analysts. It also employs an extension of mean 

deviation analysis to explain the contribution of individual provinces to regional disparity 

measures and the variation of those contributions over time. 

 

2.5.3. Methodology 

Our analysis is mainly based on the well-established regional inequality analysis methods 

of sigma and beta convergence. However due to the poor performance of the standard beta 

convergence regressions given the limitations of our dataset, an alternative approach based on 

decomposition of mean deviations is employed to assist in understanding the pattern of 

convergence over time.  

 

Following previous authors such as Barro, and others, (1991), provincial level per capita 

GDP that we denote as per capita GPDP (Gross Provincial Domestic Product) in the rest of the 

section is used for this analysis. Data required for the study were obtained from published and 

unpublished reports of the Central Bank of Sri Lanka (CBSL various issues). Since published 

provincial level GPDP data for Sri Lanka is available annually only from 1996, our quantitative 

analysis is restricted to a period of 16 years starting from 1996. 

 

Sigma convergence analysis is commonly used in cross sectional studies to understand 

the level of overall economic disparities within countries. Repeated sigma convergence 

analysis is useful in understanding the variation in such disparities over time. Different authors 

have come up with alternative inequality measures for analysing the level of sigma 

convergence (Williamson, 1965; Shankar and Shah, 2003). Since these alternative indicators, 

with varying complexities, are best used for highlighting different aspects of disparity and 

convergence, we use the following four widely used indicators in our analysis:  

 

2.5.3.1. Maximum to Minimum Ratio (MMR) 

The ratio of maximum and minimum per capita GPDP (MMR) is the simplest and most 

direct measure or indicator that can be used. In interpreting this measure, the ratio gets closer 

to one with an equal distribution and further from one with increasing disparity. Though this 
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indicator is easily calculated, it is highly sensitive to the presence of outliers. Furthermore, it 

permits analysis of regions with per capita GPDP values which fall in between the minimum 

and the maximum. 

𝑀𝑀𝑅 =
𝐺𝑃𝐷𝑃𝑟𝑖𝑐ℎ𝑒𝑠𝑡 𝑃𝑟𝑜𝑣𝑖𝑛𝑐𝑒

𝐺𝑃𝐷𝑃𝑝𝑜𝑜𝑟𝑒𝑠𝑡 𝑃𝑟𝑜𝑣𝑖𝑛𝑐𝑒
 

 

2.5.3.2. Coefficient of Variation (CV) 

Following the work of Williamson (1965) the coefficient of variation is widely used in 

convergence literature (Smith, 2004). CV is defined as the ratio between the real value of mean 

per capita GPDP and its standard deviation across the regions, expressed as a percentage. It is 

essentially a measure of the dispersion of per capita GPDP of each region from its average. 

Since it is a standardized value it can be used in comparisons over time or across other 

countries. It is possible to calculate CV either as a simple or weighted measure in a few different 

ways. We use following methods in calculating weighted and unweighted CV. 

 

2.5.3.3. Unweighted Coefficient of Variation (CVu) 

𝐶𝑉𝑢 =
√∑

(𝑌𝑖 − �̅�𝑢)2

𝑁
𝑛
𝑖

�̅�𝑢

 

where 𝑌𝑖 is the per capita GPDP of ith province, N is the number of provinces and �̅�𝑢 is the 

simple average of per capita GPDP and it is calculated as  

�̅�𝑢 =
1

𝑁
∑ 𝑌𝑖

𝑛

𝑖=1

 

Some authors, including Williamson (1965), have used national per capita GDP as the 

denominator in the above equation. Following the convention of Shankar and Shah (2003) an 

unweighted simple average of per capita GPDP is generally considered appropriate. The value 

of CVu varies from 0, for perfectly equal distribution, to √N − 1 for perfectly unequal 

distribution. One problem with this measure is its sensitivity to outliers. A highly deviated 

single per capita GPDP value can increase the value of CVu and provide an incorrect picture in 

comparisons (either across time or countries). The simple CVu is also insensitive to the varying 

population of the different regions since they are each weighted equally. 
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2.5.3.4. Weighted Coefficient of Variation (CVw) 

To overcome the possible bias due to varying populations in provinces, an alternative 

measure of weighted CV can be calculated. The population weighted coefficient of variation is 

calculated as 

 𝐶𝑉𝑤 =
√∑ (𝑌𝑖 − �̅�)2𝑛

𝑖
𝑃𝑖

𝑃

�̅�
 

where 𝑌𝑖 is the PGDP of ith province, �̅� is percapita GDP of the nation, Pi is population of the 

ith province and P is population of the nation. The value of CV varies from 0, for a perfectly 

equal distribution, to √(𝑃 − 𝑃𝑖)/𝑃𝑖 for a perfectly unequal distribution where a single province 

generates the entire national GDP. 

 

2.5.3.5. Weighted Gini Index (GW) 

The Gini index is one of the widely used indices in analysing inequality among people, 

households or regions. Following Kakwani and World Bank, (1980); Kakwani, (1988); 

Shankar and Shah, (2003) we calculated the weighted Gini index as: 

𝐺𝑤 = (
1

2�̅�
) ∑ ∑|𝑌𝑖 − 𝑌𝑗|

𝑛

𝑗=1

𝑛

𝑖=1

𝑃𝑖𝑃𝑗

𝑃2
 

where �̅� is the national per capita GDP, 𝑌𝑖 and 𝑌𝑗 are per capita GPDP of ith and jth provinces, 

𝑃𝑖 and 𝑃𝑗 are population of ith and jth provinces, P is national population and both i and j 

represent different provinces. Gw varies from 0 (for a perfectly equal provincial distribution) to 

1-(Pi/P) (for a perfectly unequal distribution where a single province generates all of the 

national GDP). 

 

2.5.3.6. Weighted Mean Deviation (MDw) 

Weighted mean deviation is another measure used by researchers including Smith (2004), 

Williamson (1965), Kakwani (1988) and Shankar and Shah (2003). In some studies, this 

measure is named as the relative mean deviation (e.g. Shankar and Shah, 2003). Given however 

that it is a summation of the absolute difference between national per capita GDP and per capita 

PGDP of each province, we favour the use of MDw for the following reasons. Firstly, as it does 
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not require the squaring of mean differences it is less sensitive to outliers. Secondly, it is an 

additively decomposable measure. The following method is used in calculating MDw. 

𝑀𝐷𝑤 = (∑(|𝑌𝑖 − �̅�

𝑛

𝑖=1

|)
𝑃𝑖

𝑃
) /�̅� 

 

where Yi is the per capita GPDP of ith province, �̅� is per capita GPDP of the country, Pi is 

population of ith  province, N is the number of provinces and P is population of the country. 

𝑀𝐷𝑤  has the value of 0 for a perfectly equal distribution and varies up to 2P(N-1)/ Pi for a 

perfectly unequal distribution. 

 

Many authors have used beta convergence analysis, with cross sectional regressions 

employed to analyse the rate of convergence during a given time period. As Barro, and others, 

(1991) explain, if beta convergence exists among a group of regions or countries, a statistically 

significant negative relationship should be expected between the initial level of per capita 

GPDP and the corresponding rate of growth over time. We too explored use of (conditional 

and unconditional) beta convergence analysis however, due in part to the limited number of 

years of data and the limited number of provinces, we supplemented this with alternative 

measures aimed at understanding the rate of convergence and the time required for full 

convergence given the rate of current convergence. 

 

Adopting the method of Smith (2004), the annual regional share (Ri) of province i in 

the overall national disparity can be derived by decomposing the weighted mean deviation 

(𝑀𝐷𝑤) that we derived earlier: 

𝑀𝐷𝑤 = (∑(|𝑌𝑖 − �̅�

𝑛

𝑖=1

|)
𝑃𝑖

𝑃
) /�̅� 

where definitions for all terms are as above. By decomposing the right hand side of the above 

equation (𝑅𝑖) can be calculated as: 

𝑅𝑖 = (𝑌𝑖 − �̅�)
𝑃𝑖

𝑃
/�̅� 

By substituting the 𝑅𝑖 into the equation for 𝑀𝐷𝑤 , the absolute mean deviation of the country 

can be rewritten as an aggregation of weighted mean deviations of individual provinces as 

follows: 
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𝑀𝐷𝑤 = ∑|𝑅𝑖|

𝑛

𝑖=1

 

Further, the percentage contribution of an individual region to the overall weighted mean 

deviation, which we define as regional share of weighted mean deviation (RSMDW) can be 

given as: 

RSMDW =(
|𝑅𝑖|

𝑀𝐷𝑤
) ∗ 100 

While RSMDW provides the magnitude of deviation, the sign of 𝑅𝑖 is important in 

understanding whether the region is contributing to inequality with an income higher or lower 

than the national mean. While a positive 𝑅𝑖  indicates an upward contribution to inequality with 

a per capita GPDP larger than national per capita GDP, a negative 𝑅𝑖  indicates a downward 

contribution to the inequality with a per capita PGDP less than national per capita GDP. 

 

In addition, we used the following approach derived from decomposition of mean 

deviation and its change over time. In particular, we focussed on: 

∆𝑅𝑖 = |𝑅𝑖𝑡| − |𝑅𝑖(𝑡−1)| 

where 𝑅𝑖𝑡 and 𝑅𝑖(𝑡−1) are the shares of mean deviation of the ith province in time periods t and 

t-1 respectively, and ∆𝑅𝑖 is the annual absolute change in ith region’s share (contribution) to 

overall inequality.  

 

If ∆𝑅𝑖 is negative (positive), that region is contributing to the convergence (divergence) 

over time. When a region is neither converging nor diverging the value of ∆𝑅𝑖 is zero. The 

magnitude of ∆𝑅𝑖 is useful in understanding the relative contribution of individual provinces 

for total convergence (divergence). The rate of convergence of an individual province 

(𝑅𝐶𝑖) can be calculated as follows: 

𝑅𝐶𝑖 =
∆𝑅𝑖

𝑅𝑖𝑡
∗ 100 

 

Whilst the sign of ∆𝑅𝑖 is useful in understanding whether the region is contributing to an 

overall convergence or divergence, the comparison of 𝑅𝑖𝑡 with 𝑅𝑖(𝑡−1) is useful in 

understanding the direction or nature of convergence or divergence as follows: 
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 If 𝑅𝑖𝑡 > 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is negative it is an upward convergence (UC); 

If 𝑅𝑖𝑡 > 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is positive it is an upward divergence (UD); 

If 𝑅𝑖𝑡 > 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is zero it is an upward neutral (UN); 

If 𝑅𝑖𝑡 < 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is negative it is a downward convergence (DC); 

If 𝑅𝑖𝑡 < 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is positive it is a downward divergence (DD); 

If 𝑅𝑖𝑡 < 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is zero it is a downward neutral (DN); and 

If 𝑅𝑖𝑡 = 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is zero it is an absolute neutral (AN). 

 

Overall convergence (divergence) can happen either with upward convergence (downward 

divergence) of lagging regions, or with downward convergence (upward divergence) of leading 

regions or with both of these phenomena. 

 

Before ending this methodology section, it is important to note the limitations of our 

empirical analysis. As noted in previous studies, the Sri Lankan regional statistical database is 

weak and our analysis also suffers from this data limitation. The quality of our empirical 

analysis is directly related to the quality of the data that we could gather. Provincial level GDP 

data for Sri Lanka were available in published form only from 1996. The best available 

provincial level GDP data includes some values systematically derived from national level 

GDP calculations. As a result, the level of accuracy of data in terms of coverage or reporting 

is unknown. Provincial level GDP deflators were also not available, and thus our real price 

calculations are based on available national GDP deflators. This may have led to some incorrect 

estimation given varying price level changes in different provinces. The population census in 

Sri Lanka is usually carried out once in every ten years. However there was no census from 

1981 to 2001. Hence most of the annual regional population data used in calculating per capita 

GDP during this period are estimated values published by the Department of Census and 

Statistics. Some over- or under-estimation of per capita GDP and GPDP values may have thus 

resulted, associated with the estimation errors related to population.  

 

It should be noted also that GDP is an imperfect measure of economic welfare, and its 

use as the focus of our convergence/divergence analysis may need some qualification in 

subsequent research. Per capita GDP represents income generated in a particular region or 

province rather than the per capita income actually received by residents of that region. For 

example some of the GDP recorded as being associated with the Northern and Eastern 
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provinces represents expenditure on Sri Lankan armed forces located in these regions for 

‘peace-keeping’ purposes. Furthermore, a large proportion of the GDP generated in the 

Western provinces accrues as gross operating surplus (or profits) to multinational corporations 

based in Colombo and the migrant work force rather than representing income that finds its 

way into the hands of local residents. Consumption, or household disposable income, is 

arguably a better measure of economic wellbeing and subsequent research by the current 

authors will focus on this measure. 

 

2.5.4. Results 

Our sigma convergence analysis results are presented in Table 2.4 and Figure 2.2. As 

depicted by all indicators in Table 2.4, Sri Lankan provinces diverged during the period 1996 

to 2000 (that is our indicators become larger in absolute size), before starting to converge again 

with some fluctuations (especially during the period 2000 to 2007). In 2000, the per capita 

GDP of the richest province is 6.75 times higher than that of the poorest (See column 1 entries). 

By 2011 the condition is drastically improved such that the richest province has a per capita 

GDP only 2.45 times higher than the poorest. According to the other indicators however the 

overall disparity among regions has only experienced a slight improvement compared to the 

1996 situation. As shown in columns 4-6 of Table 2.4 and in Figure 2.2, our three population-

weighted indicators (CVw, 𝐺𝑤, 𝑀𝐷𝑤) behave in the same pattern over time though the absolute 

magnitudes of these indicators obviously differ. This pattern comprises divergence between 

1996 and 2000, a brief period of convergence between 2000 and 2001, a period of divergence 

from 2002 to 2004, followed by a period of convergence (with two minor fluctuations) from 

2004 onwards. This convergence has accelerated post 2009, following the end of civil war.  
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Table 2.4: Sigma convergence observed in Sri Lankan provinces  

Year 

 

 

Max/Min 

Ratio (MMR) 

 

Simple Coefficient 

of Variation 

(CVu) 

Weighted Coefficient 

of Variation 

(CVw) 

Weighted Gini 

Index  

(Gw) 

Weighted Mean 

Deviation 

(MDw) 

1996 5.311 0.395 0.466 0.270 0.361 

1997 4.759 0.406 0.480 0.276 0.378 

1998 4.655 0.467 0.500 0.290 0.397 

1999 5.680 0.539 0.575 0.331 0.461 

2000 6.747 0.577 0.602 0.357 0.480 

2001 3.961 0.443 0.488 0.286 0.393 

2002 3.652 0.434 0.485 0.282 0.393 

2003 3.561 0.451 0.512 0.291 0.423 

2004 3.422 0.487 0.550 0.312 0.457 

2005 3.302 0.465 0.533 0.301 0.444 

2006 3.519 0.465 0.524 0.303 0.431 

2007 3.129 0.386 0.443 0.252 0.361 

2008 2.933 0.358 0.416 0.235 0.339 

2009 2.904 0.366 0.426 0.241 0.348 

2010 2.681 0.346 0.407 0.228 0.333 

2011 2.450 0.336 0.395 0.223 0.321 

Source: Authors’ calculation based on data from Central Bank of Sri Lanka 

 

Figure 2.2: Dynamics of sigma convergence 

 

Source: Authors’ calculations. 
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Since we can observe a linear trend in convergence from 2000 (see the regression line 

related to CVW in Figure 2.2), we estimated the rate of convergence as the mean annual 

percentage decrease of each of our weighted coefficients. 

 

As Table 2.5 shows, sigma convergence among Sri Lankan regions is taking place at an 

average rate of 3.01 to 3.59 per cent from year 2000. If the country can maintain this rate for 

another 14 to 17 years, it may be able to halve its regional disparity and have a regionally 

balanced situation in about another 30 years. 

 

Table 2.5: Rate of convergence 

 Weighted Coefficient of 

Variation 

Weighted Gini 

Index 

Weighted Mean 

Deviation 

Average annual % convergence (2000-2011) 3.22% 3.59% 3.01% 

Half a life 16 14 17 

Time for Full convergence 31 28 33 

Source: Authors’ calculations 

 

All of the above indicators provide some understanding about the overall level of 

provincial disparity in per capita GDP distribution. What they do not do however is provide 

insights into the situation of individual provinces. Provinces can contribute to the disparity in 

per capita GDP values by being either higher or lower than the national average. Figure 2.3, 

based on normalized regional per capita GDP, is important in depicting the behaviour of the 

regional economies relative to the nation over time.  
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Figure 2.3: Temporal variation in regional per capita GDP (with respective to national 

average) 

 

Source: Authors’ calculations. 

 

In the case of Sri Lanka, a single province (Western province) is leading the economy 

and standing well above the national average. While the Southern and North-Western provinces 

have maintained their level of below, but closer to, the national average, the Northern Province 

has always remained far below the national average. The other four provinces that lie below 

the national average seem to have exhibited slight divergence relative to the national average 

over time. 

 

While Figure 2.3 provides some idea about the nature of disparity by individual 

provinces, the percentage contributions of each region to national disparity based on our MDw 

measure are given in Table 2.6.  

 

The level of inequality among regions is varying over the time. While the leading 

Western region is contributing to 50% of inequality with an upward deviation, other regions 

are contributing to 50% of the inequality in the downward deviation, with different rates that 

change over the time. This variation is due to the different rates of growth of the regions. For 

example, while the Southern province contributed to 11% of the downward deviation in 1997 

this has fallen to only 3% in 2011. Other provinces to have experienced significant falls in their 
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contribution towards downward deviation between 1997 and 2011 are Northern (falling from 

13 to 6%) and North Central (falling from 6 to 4%). By contrast the Sabaragamuwa province 

has experienced an increase in its contribution to downward deviation from 5 to 10% over this 

same time period. Other provinces with increasing contributions are Central, Uva and North 

Western provinces. 

 

Table 2.6: Regional contribution to the inequality 

Year Western Southern Sabara-

gamuwa 

Central Uva Eastern North 

Western 

North 

Central 

Northern Total 

1997 49% 11% 5% 6% 3% 6% 1% 6% 13% 100.00% 

1998 49% 10% 7% 7% 3% 5% 1% 6% 12% 100.00% 

1999 50% 8% 7% 8% 5% 5% 3% 4% 11% 100.00% 

2000 50% 7% 6% 7% 5% 6% 3% 5% 11% 100.00% 

2001 50% 7% 7% 8% 4% 5% 2% 5% 12% 100.00% 

2002 50% 8% 6% 8% 5% 6% 3% 5% 11% 100.00% 

2003 50% 7% 8% 10% 4% 5% 5% 5% 7% 100.00% 

2004 50% 7% 7% 8% 4% 6% 6% 5% 6% 100.00% 

2005 50% 7% 7% 10% 4% 7% 6% 3% 6% 100.00% 

2006 50% 5% 8% 9% 5% 7% 5% 4% 7% 100.00% 

2007 50% 4% 8% 10% 5% 7% 4% 5% 7% 100.00% 

2008 50% 4% 9% 9% 5% 7% 4% 4% 8% 100.00% 

2009 50% 4% 10% 9% 5% 5% 5% 4% 7% 100.00% 

2010 50% 4% 9% 9% 6% 5% 6% 4% 7% 100.00% 

2011 50% 3% 10% 10% 6% 6% 4% 4% 6% 100.00% 

Source: Authors’ calculations. 
 

 

As Barro, and others, (1991) explain, if beta convergence exists among a group of regions 

or countries, a negative relationship should be expected between the initial level of per capita 

PGDP and the corresponding rate of growth over time. Average growth rate of per capita GDP 

of individual provinces is plotted against their corresponding initial values in Figure 2.4. As 

the trend line has the expected negative slope this provides evidence of beta convergence in Sri 

Lankan case during our analytical period, 1996 and 2011. 
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Figure 2.4: Beta convergence 

 

Source: Authors’ calculations 

 

We employed the standard regression equations used in the literature to test for both 

unconditional and conditional convergence. See Rodrik (2011) for a detailed description of this 

methodology. Unfortunately we were unable to find any statistically significant convergence. 

Perhaps this was a result of our inability to find a version of the two types of regression 

equations that explained more than 10 percent of the overall variance in our data. We only had 

16 time periods to include in our panel and a limited number of explanatory variables available 

for each of our 9 provinces on an annual basis. 

 

Under these circumstances we employed the following approach derived from 

decomposition of mean deviation and its change over time to explore further the nature of 

convergence and divergence behaviour at the provincial level. In particular we focussed on: 

 

∆𝑅𝑖 = |𝑅𝑖𝑡| − |𝑅𝑖(𝑡−1)| 

where 𝑅𝑖𝑡 and 𝑅𝑖(𝑡−1) are shares of mean deviation of the ith province in time periods t and t-1 

respectively, and ∆𝑅𝑖 is the annual absolute change in ith region’s share (contribution) to overall 

inequality.  

 

y = -0.0005x + 0.0957
R² = 0.3935

2%

3%

4%

5%

6%

7%

8%

9%

10%

11%

12%

0 20 40 60 80 100 120 140

A
ve

ra
ge

  a
n

n
u

al
 g

ro
w

th
 r

at
e

 (
re

al
)

Initial per capita regional GDP (Rs '000, 2004 constant price)



 

34 

 

If ∆𝑅𝑖 is negative (positive), that region is contributing to the convergence (divergence) 

over time. When a region is neither converging nor diverging the value of ∆𝑅𝑖 is zero. The 

magnitude of ∆𝑅𝑖 is useful in understanding the relative contribution of individual provinces 

for total convergence (divergence). The rate of convergence of an individual province 

(𝑅𝐶𝑖) can be given as follows: 

𝑅𝐶𝑖 =
∆𝑅𝑖

𝑅𝑖𝑡
∗ 100 

 

Whilst the sign of ∆𝑅𝑖 is useful in understanding whether the region is contributing to 

an overall convergence or divergence, the comparison of 𝑅𝑖𝑡 with 𝑅𝑖(𝑡−1) is useful in 

understanding the direction or nature of convergence or divergence. Table 2.5 provides a 

summary of the diverging and converging pattern of different provinces over our time period 

(1996-2011). The nature of the divergence given in this table is derived as follows: 

 
 

 If 𝑅𝑖𝑡 > 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is negative it is an upward convergence (UC); 

If 𝑅𝑖𝑡 > 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is positive it is an upward divergence (UD); 

If 𝑅𝑖𝑡 > 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is zero it is an upward neutral (UN); 

If 𝑅𝑖𝑡 < 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is negative it is a downward convergence (DC); 

If 𝑅𝑖𝑡 < 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is positive it is a downward divergence (DD); 

If 𝑅𝑖𝑡 < 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is zero it is a downward neutral (DN); and 

If 𝑅𝑖𝑡 = 𝑅𝑖(𝑡−1) and ∆𝑅𝑖 is zero it is an absolute neutral (AN) 

 

Overall convergence (divergence) can happen either with upward convergence 

(downward divergence) of lagging regions, or with downward convergence (upward 

divergence) of leading regions or with both of these phenomena. While Table 2.5 is important 

in providing an overall understanding of the converging behaviour of each of the Sri Lankan 

provinces, Figure 2.5 depicts graphically the variation of normalized provincial level per capita 

GDP of lagging regions over time. 

 

As our analytical results (depicted in Table 2.5 and Figure 2.5) indicate, the Sri Lankan 

convergence pattern is consistently driven by the behaviour of the leading Western region. 

During the period 1996 to 2000, the Western province has contributed towards the overall 

national divergence with an upward divergence in the region. While North-Western and 
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Southern regions each depict a converging behaviour during this period, all other provinces 

display some diverging behaviour. From 2004, the Southern province has contributed to overall 

convergence with its high rate of upward convergence. Only in 2008-09, is there a slight 

diverging behaviour. Even though the North-Western region also started to converge during 

the same period, it contributed to divergence during 2008 and 2010.  

 

Table 2.7: Regional contribution to the convergence 

 

 

Notes: UD- Upward Divergence, DD – Downward Divergence DC- Downward Convergence UC- upward convergence  

C -Convergence D - Divergence 
 

Source: Authors’ calculations 

 

The Eastern province has contributed to convergence for five consecutive years starting 

from 2005. The Northern Province also contributed to convergence in each of the last five 

years. The above results are consistent with the targeted infrastructure development programs 

initiated by the current government under the MC. The two lagging regions of Uva and 

Sabaragamuwa have mostly contributed to divergence during the entire analytical period. 

Period Western Southern Sabara 

gamuwa 

Central Uva Eastern North 

Western 

North 

Central 

Northern National 

  rate type rate type rate type rate type rate type rate type rate type rate type rate Type Rate type 

1997-98 -5% UD 11% UC -45% DD -34% DD -4% DD 22% UC 22% UC -18% DD 3% UC -5% D 

1998-99 -18% UD 8% UC -7% DD -26% DD -69% DD -28% DD 0% UC 23% UC -8% DD -16% D 

1999-00 -4% UD -3% DD 9% UC 6% UC -8% DD -23% DD 5% UC -14% DD -7% DD -4% D 

2000-01 5% DC 9% UC -11% DD -4% DD 28% UC 15% UC 23% UC -7% DD 4% UC 5% C 

2001-02 0% DC -4% DD 14% UC 0% DD -25% DD -4% DD -32% DD 12% UC 6% UC 0% C 

2002-03 6% DC 16% UC -23% DD -18% DD 13% UC 17% UC -51% DD 6% UC 42% UC 6% C 

2003-04 -9% UD -12% DD 8% UC 10% UC -9% DD -41% DD -44% DD -14% DD 1% UC -9% D 

2004-05 2% DC 2% UC 0% UC -20% DD 13% UC -8% DD 15% UC 30% UC 3% UC 2% C 

2005-06 3% DC 33% UC -8% DD 8% UC -16% DD 4% UC 9% UC -20% DD -9% DD 3% C 

2006-07 8% DC 25% UC 8% UC 1% UC 10% UC 3% UC 22% UC -5% DD 4% UC 8% C 

2007-08 15% DC 6% UC 3% UC 21% UC 1% UC 20% UC 21% UC 38% UC 9% UC 15% C 

2008-09 -2% UD -5% DD -10% DD -1% DD -3% DD 28% UC -24% DD -16% DD 2% UC -2% D 

2009-10 4% DC 12% UC 5% UC 5% UC -5% DD 3% UC -11% DD 11% UC 8% UC 4% C 

2010-11 4% DC 30% UC -2% DD -4% DD -2% DD -13% DD 29% UC -14% DD 12% UC 4% C 
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Figure 2.5: Normalized PGDP (of Lagging Provinces) 

 
 

Source: Authors’ calculations 

 

 

2.6. Concluding Remarks  

Based on our analysis and insights from previous studies, we can derive a set of 

conclusions. Economic conditions in Sri Lankan provinces are not equally distributed 

geographically and there is a considerable level of inequality that has persevered over time. 

The disparity between provinces is visible both in the contribution that they are making to the 

national GDP and also in terms of value addition per head (in the province) or per capita GPDP. 

Variation in per capita GPDP is not high as that of the provincial GDP due to a comparatively 

high population density in the leading region.  

 

All three weighted indicators (CVw, 𝐺𝑤, 𝑀𝐷𝑤) calculated to understand sigma 

convergence (in terms of per capita GPDP) show similar patterns of temporal variation. Though 
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the magnitudes of indicators are not comparable, any of them can be used in analysing temporal 

variation of convergence behaviour. Sri Lankan provinces diverged during the period from 

1996-2000. From 2000 onwards there is a declining trend in inequality albeit with some 

temporary fluctuations for particular regions. Some fluctuations in the pattern of convergence 

are coincident with changes in political conditions and the prevailing armed conflict at the time. 

For example in 2009, at the peak of civil war, there is divergence. A clear convergence is visible 

after the conclusion of the war. This is a positive sign. Moreover the average rate of 

convergence observed with our three weighted indices (CVw, 𝐺𝑤, 𝑀𝐷𝑤) during the period 

2000-2012 varies from 3.3 to 4.1 per cent, and is almost twice as the average rate of 2% of beta 

convergence observed by Barro and Sala-i-Martin (1991) with US data. Further, the current 

pattern of convergence observed in per capita GPDP is associated with recent rural road 

development projects and other post war reconstruction projects initiated by the national 

government. Variations in industrial structure, natural resources endowment, quality of human 

resources, available technology, and level of infrastructure conditions are the other main 

reasons for varying economic conditions in the provinces. 

 

If the average rate of convergence prevailing in the period 2000-2012 continues linearly, 

Sri Lanka may be able to halve its current level of inter-provincial disparity in 16 years and 

eliminate the asymmetry in about 30 years. In saying this however, it must be recognized that 

there is no guarantee about continuity of this convergence even with the maintenance of current 

policy settings. Policies suggested in the literature for enhancing regional development fall into 

two main categories. Development policies designed without explicit consideration to space 

are designated “place-neutral” or spatially blind policies and those policies are targeted at 

maximising national economic growth and efficiency while improving the lives of individuals 

wherever they live or work, although not necessarily in an equitable manner. While some 

development practitioners and reports, including World Development Report 2009, support 

this approach, some other authors such as Barca, (2009); Barca,McCann and Rodríguez-Pose, 

(2012) highlight the importance of spatially targeted or “place-based” development policies. 

The place-based approach suggests the need to focus on area specific development policies that 

consider the social, cultural and institutional characteristics as well as the natural and capital 

resource endowment of the geographical context (Pike, and others, 2006; OECD, 2009a; 

2009b). Development policy within this context seeks to target lagging regions for enhanced 

levels of economic growth even if it is at the expense of some loss in overall national growth.  
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In this context recent Sri Lankan policy interventions involving targeted public 

investments in lagging regions are important to achievement of higher level of convergence in 

regional per capita GDP over time, however given the current emphasis on public-private 

partnerships to spread the public investment dollar further, provision of incentives for private 

sector firms to establish operations in lagging regions is also required. Even if the focus is 

concentrated on public investments as a vehicle for achieving regionally balanced growth 

moving forward, there is an urgent need for development of a policy analysis tool such as a 

bottom-up multiregional computable general equilibrium model to guide the selection of the 

most appropriate set of interventions (both place-based and place-neutral). 

 

The next chapter (Chapter 3) reviews different available regional policy analysis tools 

and the multiregional CGE modelling approach is identified as the most suitable analytical 

approach in evaluating the research question identified in Chapter 1. A bottom-up multiregional 

model for Sri Lanka is developed for the first time in Chapter 4 and it is subsequently used for 

carrying out a set of illustrative simulations described in chapter 7. Further the analytical 

outputs of CGE model simulations are linked with regional disparity analysis. The mean 

deviation indicator described in this chapter is used in understanding the regional disparity 

reduction impact of the simulated policies. Finally the concept of regional disparity discussed 

in this chapter is used in Chapter 8 in providing some conclusions and recommendations. 
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Appendix 2A. 1: Key Characteristics of Sri Lankan regions 

Western Province 

Districts Colombo, Gampaha, Kaluthara 

Area:  

 

3593 km2 

 

Population (2011) 

 

5,919,000  

Ethnic composition (2012) 

 

Sinhalese 84.2% , 

Sri Lanka Tamil 5.8%,  

Indian Tamil 1.0%,  

Sri Lanka Moor 7.9%,  

Other 1.1%  

 

Per capita GDP (2011) SLR 430,561 (US$ 4439) 

 

Share in national GDP (2011) 44.2 % 

Composition of GDP (2011) Agriculture 2.93%,  

Industry 29.27%,  

Service 67.80% 

 

Major agricultural industries 

(2011) 

Fish  

Rubber  

Coconut  

Livestock and Dairy  

 

Major manufacturing industries 

(2011)  

 

Refined petroleum products 

Wearing apparel 

Meat, fish, fruit and vegetable processing 

Electricity 

 

Remarks 

 The capital 

 Home for only international Airport (2011) 

 Home for main commercial harbour (2011) –except some wheat all other imports 

and exports handle through this harbour 

 Headquarters of most of the manufacturing and service industries are located in this 

province 

 Most of the interregional transactions are also going through the province since it is 

the commercial hub 
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Southern Province 

Districts Galle, Hambantota, Matara 

Area:  

 

5,383 km2 

Population (2011) 

 

2,519,000 

Ethnic composition (2012) 

 

Sinhalese 95.0%, 

Sri Lanka Tamil 1.0%,  

Indian Tamil 0.7%,  

Sri Lanka Moor 2.9%,  

Other 0.4% 

 

Per capita GDP (2011) SLR 240,706 (US$ 2610) 

 

Share in national GDP (2011) 11.0% 

Composition of GDP (2011) Agriculture 14.72%,  

Industry 20.76%,  

Service 64.52% 

 

Major agricultural industries 

(2011) 

Tea  

Fish  

Vegetables  

Coconut  

 

Major manufacturing industries 

(2011)  

 

Mining and quarrying  

Tea processing  

Wearing apparel  

Food and beverages 

 

 

Remarks 

 Several development projects were implemented during the base year 

 Fairly developed infrastructure and industries 

 Dominated by Sinhala population 
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North Western Province 

Districts Kurunegala, Puttalam 

 

Area:  

 

7,506 km2 

 

Population (2011) 

 

2,366,000 

Ethnic composition (2012) 

 

Sinhalese 85,7%, 

Sri Lanka Tamil 2.8%,  

Indian Tamil 0.2%,  

Sri Lanka Moor 11%,  

Other 0.3% 

 

Per capita GDP (2011) SLR 225,312 (US$ 2492) 

 

Share in national GDP (2011) 10.0% 

Composition of GDP (2011) Agriculture 19.42%,  

Industry 24.11%,  

Service 56.47% 

 

Major agricultural industries 

(2011) 

Coconut  

Livestock and Dairy  

Other Vegetables  

Paddy  

 

Major manufacturing industries 

(2011)  

 

Wearing apparel,  

Meat, fish, fruit, vegetable processing,  

Food and beverages, 

Dairy products 

 

Remarks 

 Most of the items transported to North, North Central and Eastern provinces from 

other regions cross this province 

 Fairly developed infrastructure 

 Comparatively dry climate 
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Central Province 
 

Districts Kandy, Matale, Nuwara Eliya 

Area:  

 

5,575 km2 

Population (2011) 

 

2,719,000 

Ethnic composition (2012) 

 

Sinhalese 66.0%,  

Sri Lanka Tamil 4.9%,  

Indian Tamil 18.9%,  

Sri Lanka Moor 9.9%,  

Other 0.3% 

 

Per capita GDP (2011) SLR 207,692 (US$ 2142) 

 

Share in national GDP (2011) 9.8% 

Composition of GDP (2011) Agriculture 17.09%,  

Industry 27.32%,  

Service 55.59% 

 

Major agricultural industries 

(2011) 

Other Vegetables  

Tea  

Other Agriculture and Hunting  

Firewood  

 

Major manufacturing industries 

(2011)  

 

Electricity 

Food and beverages  

Tea processing  

Wearing apparel 

 

Remarks 

 Most of the tea plantations are in this province 

 Colonial rulers were attracted to the region due to cooler climate 

 Most of the hydro power plants are in this province 

 Comparatively developed infrastructure 

 A tourist attraction 

 Home for a leading university 
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Sabaragamuwa Province 
 

Districts Kegalle, Ratnapura  

Area:  

 

4,921 km2 

Population (2011) 

 

1,962,000 

Ethnic composition (2012) 

 

Sinhalese 86.4%, 

Sri Lanka Tamil 3.7%,  

Indian Tamil 5.5%,  

Sri Lanka Moor 4.3%,  

Other 0.1%  

 

Per capita GDP (2011) SLR 180,676 (US$ 1871) 

 

Share in national GDP (2011) 6.2% 

Composition of GDP (2011) Agriculture 21.22%,  

Industry 23.84%,  

Service 54.94% 

 

Major agricultural industries 

(2011) 

Tea  

Rubber  

Vegetables  

Other Agriculture and hunting  

 

Major manufacturing industries 

(2011)  

 

Tea processing  

Wearing apparel  

Food and beverages  

Meat, fish, fruit, vegetable processing 

 

Remarks 

 Comparatively low developed 

 Many tea plantations are there 

 Rubber and coconut plantations are also common 

 Rainfed paddy farming is possible with high rain fall 
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Eastern Province 

 

 

Districts Ampara, Batticaloa, Trincomalee  

Area:  

 

9,361 km2 

Population (2011) 

 

1,584,000 

Ethnic composition (2012) 

 

Sinhalese 23.2%, 

Sri Lanka Tamil 39.2%,  

Indian Tamil 0.3%,  

Sri Lanka Moor 36.9%,  

Other 0.4% 

 

Per capita GDP (2011) SLR 212,430 (US$ 2141) 

 

Share in national GDP (2011) 5.8% 

Composition of GDP (2011) Agriculture 16.62%, 

Industry 15.83%,  

Service 67.55% 

 

Major agricultural industries 

(2011) 

Fish  

Paddy  

Livestock and Dairy  

Other Vegetables  

 

Major manufacturing industries 

(2011)  

 

Mining and quarrying  

Rice milling  

Wearing apparel  

Food and beverages 

 

Remarks 

 Spread along the eastern coastal belt 

 Paddy farming is a major industry 

 Highest paddy yield of the country is reported from this province 

 Fisheries is also a major industry with the long coastal belt 

 Directly affected with civil armed conflict 

 Armed conflicts ended in year 2008 

 Some infrastructure is affected with the armed conflicts 
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North Central Province 
 

Districts Anuradhapura, Polonnaruwa  

Area:  

 

9,741 km2 

 

Population (2011) 

 

1,255,000 

Ethnic composition (2012) 

 

Sinhalese 90.9%,  

Sri Lanka Tamil 0.9%,  

Indian Tamil 0.1%,  

Sri Lanka Moor 8.0%,  

Other 0.1% 

 

Per capita GDP (2011) SLR 214,685 (US$ 2162) 

 

Share in national GDP (2011) 4.7% 

Composition of GDP (2011) Agriculture 25.74%,  

Industry 17.74%,  

Service 56.52% 

 

Major agricultural industries 

(2011) 

Paddy  

Other Vegetables  

Other Cereals  

Livestock and Dairy  

 

Major manufacturing industries 

(2011)  

 

Rice milling  

Food and beverages  

Mining and quarrying  

Wearing apparel 

 

Remarks 

 Comparatively dry climate  

 Mostly rural 

 Paddy is dominant industry 

 Number of irrigation schemes to support the paddy industry 

 Several agricultural settlements associated to irrigation projects 
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Uva Province 

 

Districts Badulla, Moneragala  

Area:  

 

8,335 km2 

Population (2011) 

 

1,342,000 

Ethnic composition (2012) 

 

Sinhalese 80.8%,  

Sri Lanka Tamil 2.4%, 

Indian Tamil 12.3%,  

Sri Lanka Moor 4.3%,  

Other 0.2%  

 

Per capita GDP (2011) SLR 190,007 (US$ 1968) 

 

Share in national GDP (2011) 4.5% 

Composition of GDP (2011) Agriculture 28.87%,  

Industry 19.73%,  

Service 51.40% 

 

Major agricultural industries 

(2011) 

Other Vegetables  

Other Agriculture and Hunting  

Paddy  

Tea  

 

Major manufacturing industries 

(2011)  

 

Food and beverages  

Electricity  

Wearing apparel  

Meat, fish, fruit, vegetable processing 

 

 

Remarks 

 One of a most rural region 

 Agriculture is dominant 

 Paddy is one of the main crop 

 Vegetable is another leading agricultural industry 

 Several irrigation schemes to support paddy farming 
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Northern Province 

Districts Vavuniya, Mullaitivu, Mannar, Kilinochchi, Jaffna  

Area:  

 

8,290 km2 

Population (2011) 

 

1,203,000 

Ethnic composition (2012) 

 

Sinhalese 3.0%,  

Sri Lanka Tamil 93.1%,  

Indian Tamil 0.7%,  

Sri Lanka Moor 3.1%,  

Other 0.1% 

 

Per capita GDP (2011) SLR 160,569 (US$ 1812) 

 

Share in national GDP (2011) 3.7% 

Composition of GDP (2011) Agriculture 22.33%,  

Industry 13.37%,  

Service 64.30% 

 

Major agricultural industries 

(2011) 

Other Vegetables  

Fish  

Livestock and Dairy  

Paddy  

 

Major manufacturing industries 

(2011)  

 

Mining and quarrying  

Food and beverages  

Rice milling  

Dairy products 

 

Remarks 

 Severely affected with long lasted civil conflict 

 The civil war ended in 2009 

 Most of the infrastructure was affected with the civil war 

 Development activities of the region was mostly hindered with the civil war for 

long period 

 

 

 

 

Sources: DCS (2012); CBSL (2014) 
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 Chapter 3: Modelling the Regional Impact of Development Policies: A 

Literature Review 

3.1. Introduction 

The objective of this chapter is to carry out a comprehensive review of techniques for 

analysing the regional development impacts of policies and to identify a most appropriate 

analytical method for this thesis. Section 3.1 provides a brief overview of various policy 

analysis methods used by economists and identifies the general equilibrium modelling 

approach as the best analytical approach for use in quantitatively simulating the economy wide 

impact of policies. A brief description of CGE models is provided in section 3.2. This section 

also compares the CGE modelling approach with I-O modelling and econometric approaches. 

Section 3.3 describes different approaches to CGE modelling. Since this thesis employs the 

linearized CGE modelling approach of Australian modellers who basically follow Johansen’s 

method, the subsequent sections of this chapter focus on CGE modelling attempts using this 

approach. Section 3.4 categorises CGE models according to their geographical scope. Different 

kinds of multiregional modelling attempts are considered in section 3.5, with differences 

between three generations of multiregional models associated with the Australian CGE 

modelling tradition highlighted. Section 3.6 briefly describes the difference between static and 

dynamic CGE models. Use of CGE models in policy analysis is the focus of section 3.7, while 

section 3.8 identifies the advantages of the TERM modelling technique compared with other 

regional modelling approaches. Some applications of the TERM modelling technique are 

discussed in section 3.9, while section 3.10 reviews CGE modelling based policy analysis 

attempts in the Sri Lankan context. The next section provides a detailed discussion of currently 

available Sri Lankan multiregional CGE models and identifies their limitations compared with 

use of a new bottom up multiregional CGE model for Sri Lanka. Finally some concluding 

remarks are given in section 3.12. 

 

3.2.   Techniques of Evaluating Regional Development Policies 

A systematic analysis of policies is important in understanding the suitability of different 

policy options in achieving desired goals and thereby to prioritise policies in an efficient and 

effective manner. Policy analysis evolved as a subject in the 1960s (Radin, 2000). At the same 

time regional development emerged as a sub-discipline in economics and the role of the regions 

in shaping the national economies was increasingly emphasized.  
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However, the evaluation of impacts of regional development policies is a challenge faced 

by regional policy analysts. Over the last five decades or so, a number of qualitative and 

quantitative methodologies have been used by different analysts. A number of authors have 

extensively documented these methodologies (for example Bandara, 1991b; Bartels et al., 

1982; Capello & Nijkamp, 2010; Isard, 1960; Isard & Smith, 1983, 1990; Nijkamp et al., 1986; 

Smith, 1989; Stimson et al., 2006; Treyz, 2013). Figure 3.1 provides an overview of different 

policy analysis tools. 

 

While most regional impact analyses have been carried out using quantitative techniques, 

qualitative techniques can also be used (Diez, 2002). Qualitative policy analysis methods are 

not reviewed in this section as this study intends to apply a quantitative technique. Nevertheless 

it is important to note here that some qualitative techniques are also important in analysing 

some unquantifiable and intangible aspects of policy implications (Hinloopen et al., 1983; 

Munda et al., 1994). 

 

Impact analysis of a policy is usually carried out by using quantitative modelling 

techniques. An economic model can be simply defined as an abstract representation of a real 

economy. Economic models can be categorized into different groups in several ways according 

to their nature and functionality. While some theoretical models attempt to provide some 

qualitative descriptions on economic phenomena, empirical models rely on both the theories 

and quantitative relationships and they usually attempt to estimate the values of selected 

unknown variables based on the given values of a set of known variables. Some models, such 

as econometric models, are based on the probabilistic distribution pattern of component 

variables and so belong to the stochastic model category. Other simulation models, such as 

CGE models, are based on the functional relationship among different economic variables and 

so belong to the deterministic model category. According to the analytical scope, a model can 

be categorized as a partial or an economy-wide model. Partial models attempt to analyse the 

impact of a policy on a selected sector with the assumption that all other conditions remain 

unchanged (ceteris paribus). In contrast the economy wide models attempt to explain the whole 

economy as a system and to understand the impact of a shock (or a series of shocks) on any 

given sector among the different interlinked sectors of the economy. 
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Implementation of an econometric model requires a large amount of time series or cross-

sectional data. Most of the econometric models with single or few equations consider one or 

few selected sectors and belong to the partial equilibrium category according to their 

functionality. Though it is possible to develop some general equilibrium type larger 

econometric models with a number of simultaneous equations that represent the whole 

economy, that kind of model is rare in literature mostly due to their complexity and huge data 

requirement (Hess, 2005; Jorgenson et al., 2013). 

 

Economic base models are a simple, and one of the oldest, modelling technique used in 

regional development analysis (Sirkin, 1959). This technique was initially suggested by Robert 

Murray Haig in his work on the Regional Plan of New York in 1928 and later used by many 

other regional analysts with some modifications (Krikelas, 1992). The model assumes that all 

the production activities in the local economy occur in two broad sectors: basic and non-basic. 

The basic sector produces some commodities for export (out of the region) and generates some 

external income for the region. The non-basic sector produces commodities required for local 

consumption. It is suggested that the expansion of the basic sector is the key to enhanced 

regional development. As Romanoff (1974) describes, the export (or economic) base model is 

a special kind of input-output model, with only one exogenous final demand sector (namely 

exports). The model can be used in calculating employment and income multipliers based on 

the two broad sectors. For example, the employment multiplier calculated with the model can 

be interpreted as non-basic employment induced (or generated) by the change in the 

employment in the basic sector. Though this modelling technique is simple it has limited use 

due to the pre-conditions it requires in policy analysis. In particular, many sectors comprise 

both export and non-export components (Blumenfeld, 1955; Krikelas, 1992; Stefaniak, 1963).  

 

Shift share analysis is another simple technique or model that can be used in 

understanding changes in local or regional economies. In the early 1940s, this method was 

initially suggested by Daniel Creamer and later it was modified and formalized by Dunn 

(1960). This is a kind of comparative static model that compares economic variables of two 

different years. The traditional shift-share analysis starts with splitting the changes in regional 

economic variables into three components as national growth, industry mix and local share 

effects (Berzeg, 1978). The traditional model to analyse the change in any regional variable 

can be represented with the following formula: 
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𝑒𝑖
𝑡+𝑛 − 𝑒𝑖

𝑡 = 𝑁𝑆𝑖 + 𝐼𝑀𝑖 + 𝑅𝑆𝑖 

 

where e is any traditional regional economic variable (such a gross regional domestic 

production), i is an industry, t and t+n are two time periods, NSi is the national growth effect, 

IMi is the industry mix effect and RSi is the local share effect. The major limitation in this 

technique is its partial nature. It is unable to capture the differential impacts of a particular 

shock on the different sectors of the economy. Further it does not explain the causes of national 

or regional growth effects (Knudsen, 2000). 

 

The I-O modelling technique is one of the oldest and widely used economy-wide general 

equilibrium techniques in impact analysis. The well-known input-output technique was 

pioneered at the national level by Leontief (1937) and at the regional level by Isard (1951, 

1956). Stone (1962) subsequently developed the Social Accounting Matrix (SAM) technique, 

by extending the I-O accounting method so that it can also analyse the allocation of factor 

income to households. Both I-O and SAM analyses are constrained by the assumptions of fixed 

prices and perfectly elastic supply (Rose, 1995; West, 1995). The limitations of I-O and SAM 

models compared to CGE models are further considered in Table 3.2. 

 

Mathematical programing modelling techniques represent a widely used class of 

operational research methods. Usually those models attempt to answer the question “what is 

best” using a specified optimization technique. Figure 3.1 shows the basic steps of a 

mathematical programming model. 

 

Figure 3.1: Steps of a mathematical programming model 

 

Source: Eurodox (2015) 
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Any real world problem is first required to be interpreted with few mathematical 

equations and an objective function. After optimizing the objective function, the outcome has 

to be projected back to the real world situation. The technique is restrictive since most of the 

policy problems cannot be specified with a single objective function. However, some authors 

have attempted some mathematical programming models in a general equilibrium framework 

with multiple objective functions. Their inability to explain the economic behaviour of agents 

within an accepted theoretical framework is a major limitation found in those models (Cheshire 

et al., 1986; Dixon, 1991). 

The technique of CGE modelling that evolved in the 1960’s and 1970’s overcame some 

of the limitations of the I-O and SAM method by incorporating the economic principles of 

consumer and producer behaviour theories into the I-O and SAM accounting frameworks. As 

stated previously, Table 3.2 further explains the advantages of CGE models compared to I-O 

and SAM. Over the last few decades, computable general equilibrium models have become 

popular among policy analysts. This modelling technique can be considered as a natural 

evolution from the I-O technique and the mathematical programming approach (see Bandara, 

1991a). The technique of CGE modelling is further explained in section 3.2. 

 

The DSGE (Dynamic Stochastic General Equilibrium) models are another economy-

wide policy analysis method. A number of central banks around the world use this technique 

in analysing their monetary policy (Sbordone et al., 2010). Figure 3.3 present a basic structure 

of a DSGE model. 

Figure 3.2: Basic Structure of a DSGE model 

 

Source: Sbordone et al. (2010)
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Figure 3.3: Methods of policy analysis

Policy Analysis 
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Quantitative
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models

Sigle Country CGE 
models

eg: ORANI Australia

Single country with 
no regional 
component

Single country -
Multi-Region CGE 
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Top-Down Multi-Region 
CGE models

eg: ORANI top-down

Bottom-up Multi-Region 
CGE models

eg: MMRF, TERM

Single region (of a 
country) CGE models

eg: ORANI Tasmania

Multi-Country CGE 
models

eg: GTAP model

Dynamic 
Stochastic General 
Equilibrium (DSGE) 
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Qualitative

Source: Authors illustration, based on Diez (2001, 2002); 

Moore and Rhodes (1973); Bachtler and Michie (1995); 

Bandara (1991a); Sadoulet and Janvry (1995); Dinc (2002); 

Partridge and Rickman (1998,2010) ; Diez (2001); Puga 

(2002); Horridge et al. (2000); Dixon and Rimmer (2010); 

Horridge (2012b). 
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This modelling technique is based on the general equilibrium theory and some 

micro-economic foundations. Though this model is good in forecasting aggregate 

phenomena such as economic growth and inflation, the technique is not appropriate in 

analysing the regional and sectoral level impact of a policy shock. The dynamic nature of 

the model is, however, an advantage in forecasting the economic variables such as the 

total output.  

 

3.3. Computable General Equilibrium Models  

The CGE modelling technique has been developed on the basis of microeconomic 

theories of economic agents in an economy. The algebraic framework of any CGE model 

is derived from simple maximisation and minimisation techniques. It is called as 

computable general equilibrium model due to following reasons: 

 Computable – the model is capable of computing the magnitude of the impacts of 

a given shock on its endogenous variables based on combining its underlying 

theoretical mechanisms, real world input data and given parameter estimates.  

 

 General – the whole economy is considered as an interconnected system of a 

number of different economic agents and the simulation results of the model are 

calculated by considering all of the inter-linkages between sectors and agents of 

an economy  

 

 Equilibrium – the economy as represented with the base data is assumed as an 

equilibrium at the starting point and the simulation results are generated with the 

assumption that the economy will come to a new (post shock) equilibrium 

(Wittwer & Horridge, 2010) 

The process of developing a CGE model begins with the circular flow of income in 

an economy. It uses the neoclassical theory of consumer and producer behaviour, and 

develops a system of simultaneous equations to solve the optimization problems of all 

agents in the economy (Wing, 2004). The seminal work of Johansen (1960) is believed 

to be the first attempt of CGE modelling. Even though all subsequent CGE modellers 

follow the basic accounting principles of I-O modelling and have some utilised insights 

from Johansen’s method, different modellers opted to follow different solution 
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approaches. The first CGE model developed by Australian modellers under the Impact 

Project (sponsored by the Australian Industries Commission and hosted at University of 

Melbourne) was named the ORANI model – with subsequent models using similar 

techniques widely known as models of ORANI family (Hertel et al., 1992; Powell, 1993). 

All CGE models of the ORANI family are solved by using the well-known linearized 

technique (or in percentage change form) introduced by Johansen (1960).  Therefore, 

these models are also known as the Johansen class of economy-wide CGE models. CGE 

models can also be solved in level form – with modellers from other western countries 

led by North America, adopting this approach (Hertel et al., 1992). 

 

Initially CGE models were solved by using computer software packages such as 

Fortran. In 1988 Australian modellers developed customised CGE software called 

GEMPACK for solving linearized models (Harrison & Pearson, 1996). The software 

GAMS, General Algebraic Modelling System, introduced by North American modellers 

during 1987 facilitates the solving of level form models (Löfgren et al., 2001; Powell, 

1993). 

 

All CGE models incorporate neoclassical production functions and price-

responsive demand functions, linked around an input-output matrix in a general 

equilibrium model that endogenously determines both quantities and prices of goods and 

services as well as factors of production. CGE models are widely used for analysing 

various economic policy issues related to income distribution, trade policy, tax, policy 

external shocks, structural adjustments, development strategy, natural resource 

management and environmental concerns (Bandara, 1991a; Devarajan et al., 1997; 

Gillespie et al., 2002). Initially CGE models were used in national level policy analysis. 

However, in recent decades the CGE modelling technique has been used in multi-country 

as well as multi-regional analysis. Many authors have extensively surveyed and reviewed 

the state of art of CGE modelling and its applications. For example, Decaluwe and 

Martens (1986) has reviewed 56 applications of CGE models for 23 different developing 

countries. de Melo (1989) has carried out a survey of the application of the CGE model 

for trade related analysis in developing countries. Bandara (1991a) discusses the use of 

CGE models in analysing policies in developing countries by reviewing 70 research 

papers. Since there are number of reviews of applications of CGE models, the current 
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author is not going to repeat this exercise within this thesis. Tables 3.1 and 3.2 provide 

some summary comparisons between CGE, econometric and I-O modelling approaches. 

 

Though CGE models have been extensively used in policy analysis by a number of 

authors, the technique has some of its own limitations. Compared to stochastic 

econometric models, CGE models project their results based on the calibrated base year. 

Hence the projected results may heavily depend on the accuracy, and any discrepancies 

in the database for the selected base year – for example due to unusual conditions 

prevailing in this year. Even though a stochastic calibration of the CGE model may be a 

solution, these type of CGE models are generally restricted in use by the lack of 

availability of the required disaggregated economy-wide data in time series. Projected 

results of a CGE simulation are also dependent on the parameters used in the model. CGE 

modellers generally ‘borrow’ parameters available in the literature or to use some 

guestimates, since econometric estimation of all parameters by the modellers is generally 

not practical given the time and resource limitations. The consistency among the different 

techniques used in estimating these ‘borrowed’ values available in literature is another 

problem. A systematic sensitivity analysis is one approach used by modellers in an 

attempt at minimising the impact of this issue. In ORANI type CGE models, the economic 

behaviour of agents is modelled with CES functions. As McKitrick (1998) argues, the 

relevance of these functions is also not assured by the modeller and consideration should 

be given to analysing the sensitivity of the results to alternative functional forms. 

However the implementation of alternative flexible functional forms can also be limited 

by the nature of the available data and resources. The authors who criticise the technique 

also admit that it is a superior economy wide policy analysis method given the limitations 

of other approaches (McKitrick 1996, 1998). 

 

Partridge and Rickman (1998) provides a critical appraisal on the use of CGE 

modelling in regional level analysis and identifies the potential for further improvements. 

In 2010, the same authors have evaluated regional CGE applications again and 

highlighted the need for improved regional CGE models in analysing regional issues 

discussed in new economic geography based theories (Partridge & Rickman, 2010). 
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Table 3.1: CGE models vs econometric models 

CGE Models Econometric Models 

Empirical counterparts of general equilibrium 

theory 

Not based on general equilibrium theory of 

economics 

Suitable in analysing significant and economy-

wide feedback effects (for example, impact of 

tariff or tax reductions) 

Suitability for analysing feedback effects limited 

to certain area (for example, impact of a shock 

whose effects are limited to a particular industry) 

CGE models are deterministic Econometric models are stochastic 

Based on micro economic foundations Mostly macroeconomic in structure 

Capable of capturing linkages between 

industries, commodities and primary factors 

within the domestic economy and the rest of 

the world 

Degrees of freedom and time series data 

limitations (particularly in developing countries) 

severely reduce the extent to which –inter sectoral 

linkages can be identified 

Comparative-static CGE models require data 

for one particular time period (only for a base 

year).   

Require a series of time series data or a set of 

cross sectional data 

No statistical testing Statistical testing is carried out in econometric 

analysis 

Source: Butt (2006) 

 

 

Table 3.2: CGE models vs I-O models 

CGE Models I-O Models 

Both prices and outputs are endogenous in 

CGE models. Therefore it is possible to include 

more flexible production technological 

coefficients – such as constant elastisityof 

substitution (CES) production functions-

permitting substitution between the 

intermediate and primary inputs. 

Prices and technological coefficients of 

production are fixed in I-O models, making the 

supply shedule perfectly elastic (horizontal). This 

does not allow substitution between the 

intermediate and primary inputs. As a result, the 

model cannot identify the effects on outputs when 

relative prices or cost change. 

CGE models incorporate a market economy 

where different agents have different objective 

functions. 

In I-O models, some unknown objective functions 

are optimized. 

CGE models have staisfactory treatment of 

international trade. The issue of the response 

of trade flows to changes in relative prices is 

accomodated in these models. 

The treatment of international trade in I-O models 

is unsatisfactory. In these models, exports are 

exogenous and imports are non-competing. 

Neither imports nor exports depend on relative 

prices. Therefore, the crucial issue of the reponse 

of trade flows to changes in relative prices is not 

accomodated in these models. 

Since prices are endogenous in CGE models, 

output is determined by final demand and 

equlibrium prices. 

I-O models are demand oriented and there are no 

linkages between prices and outputs. Therefore 

these models are appropriate for projections only 

if the demand side is totally dominant. 

Source: Butt (2006) 

 

 

3.4.    Different Geographic Approaches to CGE Modelling 

Based on the geographical coverage of the economy considered, CGE models can 

be categorised into three groups as: single-country, single-region and multi-country 

models. For example, the ORANI model of the Australian economy is a single country 
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model. ORANI Tasmania can be seen as an example for a single region model. The 

Global Trade Analysis Project (GTAP) model is an example for a multi-country or global 

model (Dixon et al., 1982; Hertel, 1994; Higgs et al., 1988; Qiang, 1999). The single 

country model can in turn be categorised into three types as single county model with no 

any regional extension, single country model with top down regional extension, and 

single country bottom-up multi-regional models (Qiang, 1999). 

 

The geographical coverage of a CGE model is mostly decided by the database of 

the model. A single country national model is calibrated with a national level (I-O/ SAM) 

database. All optimization problems (nonlinear or linearized) in a national model are 

solved at the national level by considering the national economy as one system. In a single 

region model, the region is assumed to be a separate economy which has some 

transactions with rest of the nation and the rest of the world and is calibrated with an I-O 

database for one particular region. All equations and unknown variables of a single 

regional model are solved for the economy of this particular region. A multi-country 

model can be developed to cover the entire global economy or the economies of some 

selected countries. The calibration of such a model is not easy since it requires I-O tables 

for each country for the same base year and also with the same sector classification 

system. While the single country models with no regional extension attempts to analyse 

the national level impact of some shocks, single country multi-region models attempt to 

analyse the regional level impact of policy shocks. ORANI with its top-down extension, 

Monash Multi Regional Forecasting (MMRF) model and The Enormous Regional Model 

(TERM) are multi-region models. There are two approaches for multi-region modelling 

as top-down and bottom-up models. They are described in the following section.  

 

3.5.   Multiregional Regional CGE Models using Top-Down and Bottom-up 

Approaches 

Multi-regional CGE models can be categorized into two familiar groups, “top-

down” and “bottom-up”, by considering their modelling approaches and the database 

development procedure. Bottom-up approaches further subdivide into two groups 

according to their analytical and database construction approaches. As Horridge (2012b) 

describes there are three generations of multi-regional models (introduced by Australian 

modellers).  
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The ‘first generation’ multi-regional modelling attempt started by adapting the 

national level ORANI model to include a top-down regional extension. Models using a 

top-down approach start with a national level model based on a national I-O table data 

and simulation of the impact of a particular policy shock on the national economy. The 

results of this policy simulation are then allocated to regions based on historically derived 

proportions. The prices of items in all regions are assumed to be same as their national 

counterparts. These models are also unable to capture regional differences in the 

behaviour of supply functions. The top-down modelling approach of Australian modellers 

was started by following the top-down multi-region modelling technique used by 

(Leontief et al., 1965) in modelling the impacts of policy shocks on 50 states in the United 

States. This method introduced by Leontief, Morgan, Polenske, Simpson and Tower 

(Leontief et al., 1965) is also known as the LMPST method (Dixon et al., 1982). In the 

ORANI top-down modelling approach, commodities in the economy are divided into two 

groups as national and regional commodities. Commodities which trade across all regions 

of the country are named as national commodities, while those commodities which are 

basically used within some specific regions are named as regional commodities. Regional 

level production of national level commodities varies with the changes in national 

demand in equal proportions. But for regional commodities, the quantity of output in each 

region depends on the demand from users in each region. Hence the quantity demanded 

for a regional good depends on the economic activities of user regions while the demand 

for national goods does not vary with the economic activities of regions. Another 

limitation in this approach is the assumption that regional output of either national or 

regional goods is not constrained by resource limitations. Since prices of commodities in 

all regions are assumed to be same, this approach is unable to model regional specific 

supply effects.  

 

The alternative bottom-up approach starts with regional data on quantities as well 

as prices. Models of this type start with regional input output tables and national level 

values are produced by combining a set of independent regional CGE models. Parmenter 

et al. (1985) discusses the advantages of the bottom-up approach over the top-down 

approach. Some models that combine both of these approaches are named as hybrid 
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models. The Monash Multi Regional Forecasting (MMRF2) model is the first widely 

known bottom-up multi-regional model variant associated with the ORANI modelling 

team (Adams et al., 2008; Peter et al., 1996, Giesecke and Madden, 2013). However, the 

MMRF was preceded by two previous multi-regional modelling attempts of Liew (1981) 

and Madden (1990).  The MMRF model starts with regional input output databases for 

eight Australian regions (six states and two territories) and contains 144 industrial sectors. 

The model was subsequently extended to incorporate environmental aspects and that 

version is named as MMRF Green (Adams et al., 2003). The huge data requirements 

associated with the model, as well as the computer resource requirements for its use in 

simulation experiments, are the main limitations of this model. This issue also limits the 

viability of extending its use to sub-state regions – yet this finer level of regional 

disaggregation is of critical interest in many policy contexts. Considering those issues, 

the former ORANI modelling team came with a new bottom up modelling technique 

called TERM in 2002 (Horridge, 2002). The TERM modelling approach overcomes the 

need for set of regional input-output tables by constructing those tables from the available 

national I-O database during the process of calibration. The calibration of a TERM type 

model can be started with a database for a top-down ORANI type model and a limited 

amount of additional data such as distances between regions. However the systematically 

generated regional databases are not comparable to regional I-O databases estimated with 

regional data. The key assumption of the same regional composition for any domestic 

commodity used by a regional user is another limitation of this approach, though it hugely 

simplifies the analytical process. This assumption and other limitations are further 

discussed within section 5.7 on the data base construction. 

 

Table 3.3 provides a comparison of the four commonly used Australian multi-

regional CGE models described above.  

 

  

                                                 
2 The MMRF model was initially named as Monash-MRF model (Peter et al., 1996) 
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Table 3.3: Comparison of CGE models developed by Australian researchers 

Model ORANI (or 

MONASH) 

MMRF MMRF-

GREEN  

TERM  

Type of regional 

modelling 

Top-down Bottom-up Bottom-up Bottom-up 

Region-specific 

prices 

No Yes Yes Yes 

Region-specific 

quantities 

Yes Yes Yes Yes 

Typical number 

of sectors 

113 around 40 around 40 around 40 

Typical number 

of regions 

8 states or 57 statistical 

divisions 

8 states 8 states  

(but see 

below) 

57 statistical 

divisions 

Forecasting 

(year-to-year 

dynamics) 

Yes No Yes sometimes 

Region-specific 

demand-side 

shocks 

Yes Yes Yes yes 

Region-specific 

supply-side 

shocks 

No Yes Yes yes 

State 

Government 

Accounts 

module 

No Yes Yes sometimes 

Additional "top-

down" regional 

detail 

Top-down breakdown 

to 8 states or 57 

statistical divisions 

  Within-state 

top-down 

breakdown to 

57 statistical 

divisions 

Within-statistical-

division top-down 

breakdown to 1379 

statistical local areas 

Other features In recent versions, 

inclusion of full 

bilateral matrices of 

inter-regional trade 

allows for growth in 

one region to spill over 

into neighbouring 

regions. 

  Detailed 

modelling of 

CO2 

emissions 

Exports and imports 

distinguished by port 

of exit/entry. 

Sectoral and regional 

aggregation tailored 

to particular 

simulations 

Source: based on the web page of Centre of Policy Studies. (CoPS, 2014) 

 

3.6. Static and Dynamic CGE Models 

Most CGE models are calibrated with a database comprising one particular time 

period and they are capable of analysing the impact of a policy shock by comparing the 

equilibrium of a base period and the possible equilibrium situation after the shock. This 

kind of CGE model is labelled a comparative static model. The main problem of these 

models is that they cannot be used in analysing dynamic changes of policy impacts. A 

second group of CGE models named as recursive dynamic models were evolved in 

overcoming this limitation (Dixon & Rimmer, 1998; Thurlow, 2004). To calibrate a 

http://www.monash.edu.au/policy/mmrf.htm
http://www.monash.edu.au/policy/mmrf.htm
http://www.monash.edu.au/policy/mmrf.htm
http://www.monash.edu.au/policy/term.htm
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dynamic CGE model demographic data, such as national and regional population, are also 

required (Knudsen et al., 1999). Still, there are only a few examples of policy analyses 

using recursive dynamic models – mainly due to their complexity and huge data demand.  

 

3.7. Computable General Equilibrium Models for Regional Policy Analysis 

The use of regional CGE models started in Australia in 1980 and such regional CGE 

models have become popular in regional policy analysis. As previously discussed, input-

output modelling, econometric modelling and economic base modelling are some other 

regional analytical techniques of a general equilibrium nature and mostly consistent with 

Keynesian macroeconomic theory. The use of those models are limited, mainly because 

of the key assumptions of perfectly elastic supply and fixed prices characteristic of those 

models. Hence the predications of those models are totally demand driven. CGE models, 

by contrast, are not restricted to assuming perfectly elastic supply and they calculate the 

equilibrium demand and supply effects of policy changes with flexible prices for primary 

inputs and for imported versus domestically supplied intermediate inputs (Partridge & 

Rickman, 1998, 2010). 

 

As Partridge and Rickman (1998) have noted, during the period from 1985 to 1998, 

32 regional policy analysis studies based on CGE models have been carried out in 

different parts of the world. Out of those studies 17 were carried out in US, 5 in Canada, 

two in Australia and one each in Germany, Scotland and Malaysia. From 1998 on there 

have been numerous additional CGE based regional policy analysis studies conducted in 

both in developed and developing countries. Giesecke and Madden (2013) discuss the 

potential uses of CGE models in evidence based regional level policy making with some 

responses to the criticisms contained in (Partridge & Rickman, 1998, 2010). 

 

Reviewing of all CGE modelling applications for regional analysis is beyond this 

thesis. However, in section 3.8, a set of applications of TERM type bottom up models are 

documented. 

 

3.8. Applications of TERM model 

The pioneering TERM model of Horridge (2002) was used in analysing the impact 

of 2000-2002 drought in Australia. The model had 144 sectors and 57 regions. The 57 
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regions of the model are based on the statistical divisions identified by the Australian 

Bureau of Statistics. Recently, an Australian TERM model with 206 regions to represent 

statistical subdivisions was also attempted. The main advantage of the TERM model 

compared to other regional models is its comparatively lower data requirement. Hence 

the model can be implemented in a country with limited amount of regional data. After 

the pioneering Australian version, the TERM modelling methodology was implemented 

for number of other countries such as China, Brazil, Finland, Indonesia, South Africa, 

Poland, Japan, and USA. With its bottom-up method the model is capable of analysing 

region specific supply side shocks such as a regional development project, a region 

specific natural disaster like a drought, and a region specific agricultural productivity 

improvement (CoPS, 2015; Horridge, 2002, 2012b; Wittwer, 2015; Wittwer & Horridge, 

2010). Recent applications of TERM modelling approach are summarized in Table 3.4. 

 

3.9.    Concluding Remarks 

This chapter briefly reviews the different regional policy analysis techniques 

available in the literature and identifies the bottom-up multi-regional CGE modelling 

technique as the best analytical approach for answering the research question identified 

in the Chapter 1. As the literature suggests, an economy-wide CGE modelling techniques 

is preferable for understanding the impact of a policy on regional and national economies. 

Though the regional impact of a national policy can be analysed with a top-down model, 

the analysis of the economy-wide impact of a regional policy requires a bottom-up multi-

regional CGE model. The bottom-up multi-regional CGE modelling technique such as 

Australian MMRF is not feasible in Sri Lankan context mainly due to limitations in the 

available regional level data. The Australian TERM modelling technique, which can be 

implemented even with a limited amount of data is identified as a suitable and feasible 

bottom up multi-regional modelling approach and used in this research. 
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Table 3.4: Applications of TERM modelling technique 

 Author & Year Modeled country Base year Comparative Static/ 

Dynamic 

Purpose of the study 

 

1 Hrridge et al (2005) Australia 2002 Comparative static To analyze the impact of the 2002–2003 

drought on Australian regions 

2 Wittwer (2005)  Australia 2002 Comparative static Projecting the Australian wine grape and 

wine sectors 

3 Horridge and Wittwer (2008) China 2002 Comparative static To analyze the economic impact of a rail 

way project (244 km line) 

4 Pambudi (2008) Indonesia 2000 Comparative static To analyze regional strategies to attract 

investment 

5 Wittwer and Horridge (2009) China 2002 Comparative static Agricultural research 

6 Wittwer and Horridge (2010) Australia 2002 comparative static Terms of trade, drought 

7 Wittwer and Griffith (2011) Australia  Dynamic Drought Murray darling basin 

8 Pambudi et al (2009) Indonesia 2000 Comparative static Economic impact of the Bali bomb  

(resulted by decreasing tourism) 

 

9  Pham, T.D et al (2010) Australia 2005 Comparative static Climate change-induced economic 

impacts on tourism destinations 

 

10 Ferreira Fliho and Horridge (2011) Brazil   Dynamic Ethanol Expansion and indirect land use 

change in Brazil 

11 Dixon, Rimmer and Wittwer (2011) Australia   Dynamic Economic effects of by back irrigation 

water 
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12 Witter (2011) Australia   Dynamic Economic modelling of water 

13 Horridge (2012) Indonesia 2005 Comparative static Effects of reducing transport costs in 

Indonesia 

 

14 Zawalinska (2013) Poland 2005 Comparative static Impact of supporting the least favored 

areas 

15 Ferreira Filho et al (2015) Brazil  Dynamic Impact of reducing deforestation 

Source: based on (de Souza Ferreira Filho et al., 2015; Dixon et al., 2011; Ferreira Filho & Horridge, 2011; Horridge et al., 2005; Horridge & Wittwer, 2008; Pambudi 

(2008); Pambudi et al., 2009; Witter, 2005; Wittwer, 2011, 2012; Wittwer & Griffith, 2011; Wittwer & Horridge, 2009; Wittwer & Horridge, 2010; Zawalinska et al., 2013) 
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According to the available literature, no attempt has been made to develop a 

bottom-up regional CGE model of the Sri Lankan economy; however a few studies 

have used a top-down regional CGE modelling approach. That is mainly because so 

far regional input-output tables have not been developed for a regional economy in Sri 

Lanka. In Chapter 4 of the thesis, a new Sri Lankan multi-regional bottom-up CGE 

model similar to Australian TERM model is developed with a set of systematically 

created regional I-O databases. Since the process of developing a TERM model 

requires a working national level or top-down model similar to ORANI, in section 4.2, 

a new top-down disaggregated Sri Lankan CGE model is developed. This model is 

subsequently used in carrying out test simulations. The structure of the underlying 

database is vital in understanding the mechanics of the model which uses it. The 

databases for our Sri Lankan top-down and bottom-up models are explained in Chapter 

5. Finally the Sri Lankan Bottom-up Multi-Regional CGE model developed for the 

first time is employed in a number of illustrative policy simulations carried out in 

Chapter 7. 

  



 

67 

 

 Chapter 4: Sri Lankan Models 

4.1. Introduction 

The main purpose of this chapter is to develop new multiregional CGE models 

for Sri Lanka; a Sri Lankan Top-down Regional CGE Model (named as SLTMRC-

GEM) and a Sri Lankan Bottom-up Regional CGE model (named as SLBMRC-GEM). 

These new models provide the main modelling framework to answer the research 

questions raised in Chapter 1.  

 

Even though Sri Lanka has nearly four decades of experience in using CGE 

models to analyse policy related issues, so far CGE models are not popular among 

policy makers of the country. The country does not have any standard or publicly 

available model. Most of the previous CGE modelling attempts have focused on 

national level issues with a few exceptions. To best of the researcher’s knowledge there 

are only two previous top-down regional modelling attempts by the followers of the 

Australian CGE modelling tradition; i.e. Gunawardena (2012b); Naranpanawa and 

Bandara (2011). In addition, Weerahewa (2006) has made an attempt to analyse the 

regional impact of liberalization of rice market with a simple CGE model based on 

North American tradition. The level of disaggregation used in previously developed 

national and regional models has been constrained by the limitations of data. While 

specification of nationally important sectors is important for national level analysis, 

specification of regionally important sectors is important for regional level analysis. 

The new top-down regional model developed for this research, SLTMRC-GEM, 

attempts to minimize the limitations in sector classification by calibrating it with a 

recently developed disaggregated 65 sector database. The bottom-up model developed 

in this research, SLBMRC-GEM, is the first such model for Sri Lanka. This is one of 

the main contributions of this thesis. The model was initially calibrated with a 

disaggregated 65 sector database for the year 2006 and the model was then recalibrated 

for the year 2011 by systematically updating the 2006 database. 

 

The rest of this chapter is structured as follows. The next section provides a brief 

review of previous Sri Lankan attempts to develop CGE models and identifies their 

limitations to justify the need for developing yet another set of CGE models for the Sri 

Lankan economy. Next the following two sections (4.3 and 4.4) describe the 
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theoretical structure of both top-down and bottom-up regional CGE models with an 

overview of data requirements which are necessary to implement the models 

developed in this study. 

 

4.2. Previous Sri Lankan Experience in I-O Accounting, SAM and CGE 

Modelling 

A well-structured comprehensive database organized in an Input-Output (I-O) 

Table or Social Accounting Matrix (SAM) framework is a crucial requirement in 

developing any kind of CGE model (Dixon et al., 1982; Horridge, 2013). Sri Lanka 

has a long history of compiling input-output (I-O) Tables and Social Accounting 

Matrices (SAMs) and developing CGE models based on such data bases for research 

purposes (see Bandara, 1989, Bandara, 1991a, and Bandara and Kelegama, 2008 for 

historical surveys).  

 

The history of I-O accounting of Sri Lanka goes back to the 1960s. Prerera 

(1964) of the Central Bank of Sri Lanka (CBSL) compiled the first I-O table. It related 

to the base year 1963-64, included 39 industrial sectors, and was published as a staff 

study of the Central Bank. The Perspective Planning Division (which was later named 

as the National Planning Division) of the Planning Ministry compiled an I-O table for 

Sri Lanka for the base year 1965 with the assistance of UNDP, and this was later 

updated to 1968 (Bandara & Kelegama, 2008). Though the Planning Ministry started 

to use I-O tables in their planning, unfortunately the practice was not continued with 

updated tables. As Bandara & Kelegama (2008) noted in their review though there 

were 20 I-O and SAM construction attempts between 1964 and 2006,  most of them 

have not been published and also suffered several limitations associated with the 

availability of data (Bandara & Kelegama, 2008). Since most of those tables were 

attempted as one-off exercises of individuals, methodologies used and sector 

classifications employed in those tables were also not consistent. Hence the above 

authors highlight the importance of compiling I-O tables for the country by some 

government authority on a regular basis. The latest available published SAM for Sri 

Lanka is the 38 sector Sri Lankan SAM for year 1995 developed by (Naranpanawa, 

2005) as part of his PhD thesis and which was later published by the Institute of Policy 

Studies of Sri Lanka (Naranpanawa & Bandara, 2006a). The latest available I-O table 

for Sri Lanka at the beginning of this research was the I-O table for year 2000 
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published by the Institute of Policy Studies (Amarasinghe & Bandara, 2005). A 

summary of all Sri Lankan I-O and SAM development attempts identified by Bandara 

and Kelegama (2008) is given in Table 4.1. 

 

Table 4.1: Sri Lankan attempts in producing I-O tables and SAM models 

No  Author  Base year  Year of publication  No. of Sectors  

1  Perera  1963  1964 published  39  

2  Ministry of Finance and 

Planning  

1965  1966 unpublished  41  

3  Ministry of Finance and 

Planning  

1968  1970 unpublished  41  

4  Pyatt et al.  1970  1977 published  48 (SAM and 

 I-O table)  

5  DCS  1970  Undated and unpublished  23  

6  National Planning 

Department (NPD)  

1976  Undated and unpublished  44  

7  DCS  1980  Published and undated  23  

8  Mertens  1980  1984 published  20 (SAM)  

9  DCS  1980,1981, 

1982 and 

1983  

1987 published  27  

10  Maasland  1981  1990 published  4 (SAM)  

11  NPD  1981  Undated and unpublished  24  

12  Herat  1981  1994 published  6 (SAM)  

13  NPD  1981  Undated and unpublished  38  

14  Blitzer and Eckuas  1983  1986 published  11  

15  NPD  1986  undated  24  

16  CIE  1989  Undated and unpublished  37  

17  ESCAP  1990  1993 published  33  

18  DCS  1995  2000published   

19  Amarasinghe and 

Bandara  

2000  2005 published  48  

20  Naranpanawa and 

Bandara  

1995  2006 published  38 (SAM)  

Source: Bandara and Kelegama (2008) 

 

After the very first SAM of Richard Stone in 1964, the world’s first SAM for a 

developing country was compiled for Sri Lanka for the year 1970 by Pyatt and Roe 

(1978) using data from Central Bank, Planning Ministry and the Department of Census 

and Statistics of Sri Lanka. The I-O structure of their SAM was mostly based on the 

unpublished work of Narapalasingam (1970); the study of the above author 

(Narapalasingam, 1970) was based on the previously mentioned Sri Lankan I-O table 

for the year 1968 (Bandara, 1990). Pyatt & Roe (1978) emphasized that their objective 

of the Sri Lankan exercise was to push forward the possibilities for economy-wide 

modelling by resolving the problems of the format and the availability of data. Even 

though they have not built any specific Sri Lankan model as such, they included a 
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number of empirical exercises using SAM multipliers and showed the relevance of the 

1970 SAM in policy analysis. These exercises include a description of the economy 

with reference to income distribution; output, income and the employment multipliers 

in the economy; an analysis of export incentives and effective protection; and a study 

of the structure of household expenditure in Sri Lanka which focuses on its sensitivity 

to the income distribution. These are some of the products, which can be obtained even 

without a full scale model, when the data is set up consistently in a SAM framework 

(Pyatt & Roe, 1978). Two multi-sectoral optimisation models were also developed for 

Sri Lanka by using this SAM (see Anandalingam (1983) and Wijesinghe (1983)).   

 

Unfortunately there have not been proper follow-up attempts to develop another 

SAM following the methodology and the framework developed by Pyatt and Roe for 

the 1970 SAM. As Bandara and Kelegama (2008) have noted in their review, there 

were 18 attempts to develop a SAM for Sri Lanka between 1972 and 2006, and none 

of them were successful due to various reasons (see Bandara and Kelegama (2008) for 

details). However, Naranpanawa subsequently developed a SAM with 38 sectors for 

Sri Lanka and it was published by the Institute of Policy Studies (IPS) in Sri Lanka 

(Naranpanawa & Bandara, 2006b). The first sub-national level bottom-up social 

accounting matrix for a small area of Sri Lanka was developed by Wijerathna (2009). 

This matrix related to the Udawalawe Irrigation development project area and it was 

subsequently used in analysing the regional development impact of an irrigation 

infrastructure development project (Wijerathna et al., 2013). 

 

As noted in a survey on CGE modelling experiences in Sri Lanka by (Bandara, 

1990), the first Sri Lankan national CGE model was constructed by de Melo (1978). 

This model followed the structure of the static level form models of the World Bank 

led by (Adelman & Robinson, 1978) and was calibrated on the Sri Lankan SAM for 

1970 of (Pyatt & Roe, 1978). Despite the disaggregated 41 sectors in this 1970 SAM, 

the number of sectors in the CGE model was restricted to seven mainly for the ease of 

modelling. The model also had a dynamic feature with its ability to update with some 

intertemporal linkages (de Melo, 1979). A second CGE model for Sri Lanka was 

developed by Blitzer and Eckaus (1987) and the base year of this model was 1983. 

Their model consists of 13 economic sectors including three sectors for energy and 

was mainly used for analysing the energy-economy interactions. The first Johansen 



 

71 

 

style CGE model for Sri Lanka was constructed by Bandara (1989) following the 

structure of the Australian ORANI model. The above model is a clear departure from 

previous Sri Lankan CGE attempts which were of the North American tradition. 

Compared to previous models, this model had some flexibility in the analysis of sector 

specific policies. The 24 sector model of Bandara (1989) was calibrated using an 

unpublished national I-O and other associated tables for the year 1981 prepared by the 

National Planning Division (NPD) of the Ministry of Finance and Planning of Sri 

Lanka. Subsequently the model was used in analysing the “Dutch disease” effects of 

foreign capital inflows associated with the open economic policies introduced with the 

constitution of 1978 and the combined effects of foreign capital inflows and terms of 

trade shocks (Bandara, 1995). The Centre for International Economics (CIE, 1992) 

developed a 35 sector CGE model for Sri Lanka following Bandara (1989). It was 

calibrated for the base year 1989 by updating the 1986 Sri Lankan I-O table. The 

purpose of the CIE model was to analyse the impact of international trade policies, 

such as tariff changes, and provide some recommendations for the Export 

Development Board of Sri Lanka. Hearth (1994) used a CGE model to analyse the 

impact of some external and internal shocks on the Sri Lankan economy. His model 

was based on the 1981 unpublished I-O database used by Bandara (1989).  

 

Development of CGE models for Sri Lanka based on the ORANI model (or the 

Australian tradition) has become popular since the 1990s. A number of attempts were 

made to analyse the effects of trade policies, soil erosion, etc. using the ORANI type 

variants of Bandara (1989) in the 1990s. For example, Somaratne (1998) developed a 

model by incorporating soil erosion to the CGE modelling framework. As Dasanayaka 

(2000) has noted in his survey on Sri Lankan CGE and macro models, the Somaratne 

(1998) model is an update of the original Bandara (1989) model. The purpose of this 

model was to analyse the impact of trade liberalization and its environmental 

implications. Bandara and Coxhead (1999) also conducted a CGE based analysis 

aimed at understanding the environmental benefits of trade liberalization of developing 

country agriculture. Another application of this model was carried out by (Bandara et 

al., 2001). 

 

The first attempt to link the financial sector into the CGE framework in Sri Lanka 

was made by Kandiah (1999). A Sri Lankan CGE model for the year 1989 developed 
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by Kandiah (1999) was used to analyse the effects of financial liberalization. Though 

his model was calibrated on the 35 sector Sri Lankan I-O database prepared by CIE 

for year 1989, the number of sectors in the model was restricted to 15 due to the 

limitations in financial sector data required in his analysis (Kandiah, 1999). While 

most subsequent Sri Lankan researchers have carried out some CGE analysis based on 

Australian ORANI type CGE models, a few others have used the North American 

tradition of level form modelling. For example, Weerahewa (2002a, 2002b) has used 

a GAMS based CGE model in two studies to examine the influence of garment exports 

on male-female wage inequality and to analyse the roles of technology and trade in 

poverty decomposition in Sri Lanka. In 2004 the same author has used a set of CGE 

based simulations in analysing the possible effects of removing trade barriers for paddy 

and related subsidies (Weerahewa, 2004).  

 

The first serious CGE analysis on income distribution and poverty in Sri Lanka 

was conducted by Naranpanawa (2005). In his study, an ORANI type multi household 

CGE model was developed and it was calibrated with a Sri Lankan SAM for the year 

1995 with 38 industry sectors and five household groups. This model was used in 

analysing the national level trade poverty nexus, the impact of oil price changes on 

poverty and the impact of the tsunami (Bandara & Naranpanawa, 2007; Naranpanawa 

& Bandara, 2012a, 2012b; Naranpanawa et al., 2011). An ORANI type 57 sector CGE 

model, with a top-down regional extension, based on GTAP 2007 (which contained an 

updated version of Sri Lankan I-O Table for 2000) was developed by Gunawardena 

(2012b) and used in analysing the impacts of agricultural productivity changes. 

Another ORANI type model with 57 sectors, calibrated with GTAP 2007 data, was 

developed by (Liyanaarachchi et al., 2014) and employed in analysing impact of trade 

liberalization and associated micro-simulations. Fernando (2015) has developed an 

ORANI type CGE model for Sri Lanka and extended it for analysing the impact of 

tourism. His model was named as SLCGE-Tourism and the calibration of the model 

was started with the 64 sector Sri Lankan I-O database for Sri Lanka for the year 2006. 

The major objective of his research was to develop a tourism focused model for Sri 

Lanka and his simulation results suggest that an expanded tourism industry can 

positively contribute towards post war economic growth. A summary of all previous 

Sri Lankan CGE modelling attempts from 1978 to 2000 is given in the Table 4.2.  
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Though there are a number of previously developed Sri Lankan CGE models 

none of those are appropriate for use in evaluating the research question of this thesis 

as given in Chapter 1. While a national model is useful in understanding the national 

level output of a policy shock, a top-down model can also be used in understanding 

the regional level impact of a national level policy shock. An analysis of the impact of 

regional level shocks, such as the identified place-based policies of this thesis, has to 

be carried with a bottom-up model (Böhringer, 1998; Higgs et al., 1988; Horridge, 

2002, 2006; Parmenter et al., 1985; Partridge & Rickman, 2010). Hence the 

development of a new Sri Lankan bottom-up multiregional CGE model is identified 

as one of the primary goals of this research. The methodology of the Australian TERM 

model is selected as an appropriate and feasible method. Since the selected bottom-up 

model development needs to commence with a functioning national model dataset, a 

new disaggregated top-down CGE model was also required to be constructed as part 

of this research. Firstly the possibility of implementing the technique in the Sri Lankan 

context was tested by developing a first multiregional bottom-up regional CGE model 

for Sri Lanka starting from the Sri Lankan database attached to the GTAP 2007 

version. The results of a test simulation to understand the potential regional impact of 

a possible oil price shock was presented at the national CGE workshop 2013 organized 

by the Centre of Policy Studies (Wijerathna. et al., 2013) and the model was further 

refined with the comments received. Secondly a new Sri Lankan top-down model was 

developed with a disaggregated 65 sector dataset for year 2006, updated to 2011, and 

then used in developing a new bottom-up multiregional CGE model. The structure of 

the new top-down and bottom-up models are explained in next two sections, sections 

4.3 and 4.4 respectively. 
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Table 4.2: Application of CGE models to Sri Lankan context (1978-2000) 

No Authors Supply side Demand side Base 

year 

Main database and 

value of 

parameters 

Policy shocks Main conclusions 

  Production 

function 

No. of 

sectors 

Demand 

function  

No. of 

sectors 

    

1.  De Melo  

(1978)  

Nested 

Cobb-

Douglas  

7  SLES  6  1970  SAM database for 

1970  

Other parameters 

from published 

sources  

1. Elimination of rice subsidy  

2. Elimination of export tax  

3. Technological change in agriculture  

4. Land reform  

5. Increase in investment in agriculture  

Policies 1 and 3 have favourable impact on 

GDP and income of poorer groups.  

2.  De Melo  

(1982)  

Nested 

Cobb-

Douglas  

7  SLES  6  1970  SAM database for 

1970  

 

Other parameters 

from published 

sources  

1. Socialist strategy  

2. An economic strategy  

3. Green revolution  

4. Industrialisation  

Factor-neutral green revolution strategy is the 

most desirable strategy for a country which 

encourages expansion of industrial sectors 

and reduces the relative cost of living in the 

medium term.  

3.  Blitzer and 

Eckaus  

(1986)  

Cobb-

Douglas  

11  ELES  2  1983  I-O database  

 

Other published 

sources  

1. Base run involves 1 per cent annual 

increase in world oil prices  

2. 5 per cent annual increase in world 

oil prices, assuming increased oil prices 

are not passed on to the domestic 

economy.  

3. Increasing world oil prices, assuming 

increased oil prices passed on to the 

domestic economy.  

Base run solution shows contradictions with 

the official projections. 

Policy application 2 shows reduction in 

domestic income leading to contraction in 

energy and other types of consumption.  

Policy application 3 also exhibits 

contractionary effects.  

4.  Bandara  

(1989)  

Nested 

Leontief 

and CES 

functions  

24  LES  3  1981  I-O database and 

other published 

data.  

 

Expenditure 

elasticities were 

estimated  

1. Terms of trade shock (TOT)  

 

2. Foreign capital inflows during 1978-

1982  

Adjustments to the TOT shock involve 

reductions in overall absorption and real 

wages. Foreign capital inflows have positive 

effect on the economy and reduce such 

pressures.  
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5.  CIE  

(1992)  

Nested 

Leontief 

and CES 

functions  

35  LES  1  1989  Updated I-O 

database. 

 

Parameters from 

other sources  

1. Elimination of tariff from 1990 

levels  

2. A 5 per cent increase in world prices 

of tea and garments  

3. A 50 per cent reduction in foreign 

aid  

All policy scenarios improved 

competitiveness of the economy having 

positive impact on exporting industries and 

some negative impacts on import-competing 

industries. 

6.  Heart  

(1994)  

Nested 

Leontief 

and CES 

functions  

6  Nested 

Cobb-

Douglas  

3  1981  I-O database and 

other data used in 

Bandara (1989)  

1. Investment on Mahaweli 

Development Programme with 

endowments received by the 

households  

2. Investment on Mahaweli 

Development Programme with 

endowments imputed to government  

3. Project not implemented; instead 

households receive an additional 

endowment  

Implementation of the Mahaweli Programme 

led to increase in employment and reduction 

in consumer prices while diminishing the 

terms of trade of Sri Lanka with reference to 

the rest of the world.  

7.  Bandara  

(1995)  

Nested 

Leontief 

and CES 

functions  

24  LES  3  1981  I-O database and 

other published 

data. Expenditure 

elasticities were 

estimated  

Investigate combined effects of terms 

of trade shock and foreign capital 

inflows to the economy  

Terms of trade shock could have had severe 

contractionary effects despite the positive 

effects of capital inflow. 

8.  Somaratne  

(1998)  

Nested 

Leontief 

and CES 

functions  

40  LES  1  1992  CIE database and 

other published 

sources. 

 

Parameters from 

CIE model  

1. Policies to measure economy-wide 

impacts of trade policy liberalisation. 

2. Evaluate on-site and off-site 

environmental cost of land degradation.  

Trade liberalisation does not have any 

damage on the non-plantation agricultural 

sector with reference to land degradation.  

 

9.  Weerahewa et 

al. 

(1998)  

N/A  N/A  N/A  N/A  N/A  N/A  Comparison of partial and general 

equilibrium approach, and suggest 

optimal tariff rate  

Recommends the use of CGE for this 

scenario. Trade liberalisation is 

environmentally friendly in potato cultivation 

is more erosive. Optimal tariff rate is zero.  

10 Kandiah 

(1999) 

Nested 

Leontief 

and CES 

functions  

15  LES  1  1992  CIE data base and 

other published 

sources. 

 

1 Impact of reduced interest rates for 

favoured sectors 

2 Impact of reforming interest rates for 

all borrowers 

The interest rate reform has a significant 

impact of growth and employments in the 

economy. The combined effect of both trade 

and interest rate reform has grater impacts. 
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Parameters from 

CIE model  

3 Joint impact of trade and interest rate 

reform 

Low interest rates foe selected sectors leads 

to in efficiencies. 

11  Somaratne  

(2000)  

Nested 

Leontief 

and CES 

functions  

40  LES  1  1992  CIE data base and 

other published 

sources. 

 

Parameters from 

CIE model  

1. Partial tariff reduction in non-

plantation agriculture sectors  

2. Total removal of tariff in non-

plantation agriculture sectors  

3. Across-the-board tariff reduction in 

all import-competing sectors  

All policy applications show that tariff policy 

liberalisation would create positive economic 

and environmental benefits for the economy. 

12.  Bandara and 

Coxhead 

(1999)  

Nested 

Leontief 

and CES 

functions  

37  LES  1  1989  1989 updated I-O 

data base. 

 

 

1. 25 per cent across-the-board tariff 

reduction  

2. Technical progress in tea sector.  

Both the scenarios provide environmental 

and economic benefits. Both cases raise real 

GDP and real consumption.  

Source: adapted from Bandara (1990), Dasanayaka, (2000) and Gunawardena, (2012a) 
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4.3. The Structure of the Sri Lankan Top-down Regional CGE Model 

(SLTMRC-GEM)  

The SLTMRC-GEM model used in this study is a national CGE model of the Sri 

Lankan economy with a top-down regional extension. Its theoretical structure is based 

on the standard Australian ORAN1-G model (Horridge, 2013; Horridge et al., 2000). 

Though the theoretical structure of this model is mostly similar to that of previous Sri 

Lankan top-down regional CGE models, it is calibrated with a new dataset for year 

2011. The main purpose of developing this model is to construct a new CGE model 

database for 65 sectors as a starting point for the bottom-up CGE model developed in 

this thesis. The new top-down model is also useful for undertaking a homogeneity test 

with the new database to ensure the database is in order. Similar to previous Sri Lankan 

top-down models, the new SLTMRC-GEM model is written and solved with the 

computer software package GEMPACK (General Equilibrium Modelling Package) as 

outlined in Harrison and Pearson (1996). The SLTMRC-GEM model is calibrated with 

unpublished 64 sector I-O and SUT tables compiled by the Department of Census and 

Statistic (DCS) for Sri Lanka for year 2006. The 64 sector SUT and I-O tables of DCS 

were also developed with some input from the researcher and one of his supervisors 

Jayatilaike Bandara during the tenure of this PhD research (This is further explained 

Chapter 5). This 64 sector database was further modified by the researcher and it was 

systematically updated for year 2011 by using a GEMPACK based computer 

programme called ‘Adjuster’ developed by (Horridge, 2004). 

 

The main purpose of this section is to present the theoretical structure of the 

SLTMRC-GEM model including a comprehensive description of assumptions, 

equations and data requirements. The overall theoretical structure of the model and the 

structure of the base year I-O data will be presented in a number of following sub-

sections before moving into the details of the different blocks of equations of the model 

and their underpinning key assumptions. 

 

4.3.1. The Theoretical Structure SLTMRC-GEM 

The theoretical structure of the SLTMRC-GEM closely follows that of 

Australian ORANI-G model (Horridge et al., 2000) which belongs to the well-known 

Johansen class (Johansen, 1960). ORANI-G is a recent version of the standard ORANI 
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model initially developed for the Impact Project in the 1970s (Dixon et al., 1982). The 

SLTMRC-GEM contains a system of simultaneous equations describing the 

interrelation between all markets and agents in the Sri Lankan economy. It is 

developed for carrying out comparative static simulations. The initial equilibrium 

situation is introduced with a balanced I-O table for Sri Lanka. After introducing a 

shock, the model is solved for a new equilibrium with a constrained optimization 

method which maximizes the gains for all economic agents under the given resource 

limitations and available technology.  

 

In summary, the series of equations of the model that depict the economy in 

equilibrium for a given time period (year) can be denoted algebraically as: 

F (V) = 0         (4.1) 

where the vector V consists of n number of economic variables (e.g.: prices, quantities, 

margins, taxes, elasticity parameters, and technological coefficients) in level form and 

F is a system of m non-linear equations to indicate the optimization behaviour of 

economic agents (utility maximisation by consumers and profit maximisation by 

producers) and basic conditions for equilibrium (market-clearing for all goods and 

factors) and zero-pure profits conditions (prices equal to unit costs) for all the agents 

(Dixon et al., 1982). 

 

The model usually contains more variables (n) than equations (m). To solve this 

equation system by calculating values of unknown (endogenous) variables, based on 

known (exogenous) variables, we need to set the number of unknown variables equal 

to or less than the number of equations. After arranging (n-m) variables as exogenous, 

the model can compute the numerical results for all the unknown endogenous 

variables, given the values of the (n-m) exogenous variables. Now we can rewrite the 

above equation as: 

F (Y, X) = 0        (4.2) 

where Y is a vector of endogenous variables and X is a vector of exogenous variables 

(Dixon et al., 1982).  

 

Since the Y cannot be directly expressed as an explicit function of X, several 

techniques have to be used in solving the model. The ORANI style SLTMRC-GEM 
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model is solved with the Johansen’s (1960) linearization approach derived as follows 

(Dixon et al., 1982). 

 

In a given base year, the economy is assumed to be in equilibrium. So there exists 

some solution to the model such that: 

F (Y0, X0) = 0 

By totally differentiating the above equation system, for small changes in X and Y: 

FY (Y
0, X0) dY + FX (Y

0, X0) dX = 0      (4.3) 

where FY(Y°, X°) and FX (Y°, X°) are matrices of the first-order derivatives of F with 

respect to Y and X, evaluated at the initial solution (Y0, X0). As Johansen (1960) 

shows, it is more convenient to express dY and dX as percentage changes in Y (which 

we denote as ‘y’) and X (which we denote as ‘x’) by computing the percentage changes 

in Y for given percent changes in X as: 

y=100 dY/Y    and    x=100 dX/X 

By transforming the variables of equation 4.3 into percentage change form, the 

equation can rewrite in linearized form as: 

 GY (Y°, X°)y + GX (Y°, X°)x = 0      (4.4) 

with 

GY (Y°, X°) = FY(Y°, X°)Ŷ    and    GX (Y°, X°) = FX (Y°, X°)X̂   

where Ŷ and X̂ are diagonal matrices. 

 

Rearranging Equation 4.3 gives: 

y = - GY (Y
0, X0)-1 GX (Y

0, X0) x     (4.5) 

(Dixon et al., 1982) 

With this approach, all unknown or endogenous variables can be solved as linear 

approximations of the initial solution. The Johansen approach makes the computation 

simpler and allows computers to solve the model with lesser resources. This facility is 

very important in solving large-scale models. However, Johanson’s original approach 

can provide accurate results only for small changes in Y and X and the level of 

accuracy of the results depends on the magnitude of the exogenous shocks. Later 
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methods of reducing linearization errors with multi-step solutions emerged. The 

Eular’s multi-step method of solving differential equations is adapted in our model. 

Exogenous shocks are first divided into several portions and the model is solved in 

several steps conducted in sequence (Dixon et al., 1982).  

 

The database of the Sri Lankan model consists of 65 industries and 65 products 

so that each industry has its own identical product. To simplify our analysis, 

SLTMRC-GEM is modelled with a single representative household and central 

government in this study. The model is entered into the computer with a GEMPACK 

text file called TAB file.  

 

The structure of the database is given in subsection 4.2.2 and the theoretical 

underpinning and the key equations of the model is described in section 4.2.3.  

 

4.3.2. The Structure of the Database for SLTMRC-GEM 

The calibration of the model starts with an I-O database for a given year. 

However during the first step of calibration the I-O data base has to be rearranged 

according to the data requirements of the model. Following the ORANI approach, the 

database for SLTMRC-GEM is prepared by re-arranging the original I-O database into 

a number of sub-matrices as given in Figure 4.1. The presentation of this structure of 

the I-O database plays a key role in explaining the equation system of the model. The 

notations introduced in this schematic figure and the following tables are subsequently 

used in model equations.  

 

The original data from our I-O table and associated databases are first arranged 

in three matrices that we name as the absorption, joint product and import duty 

matrices. The absorption matrix is a collection of number of other submatrices. Based 

on the type of user, the columns in absorption matrix can be broadly categorized in to 

six groups as follows:  

(1) domestic producers – I  = number of industries,  

(2) investors who form specific fixed capital, distinguished by I industries, 

(3) a single representative household, 

(4) an aggregate exporter of domestically produced commodities to overseas, 
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(5) government, and 

(6) changes in inventories. 

 

The price of any commodity for a user (or the purchaser price) consists of three 

components: the basic price, margins and taxes. The price received by a producer for 

a commodity is usually called the producer price. The basic price is derived by 

deducting the net of taxes paid and subsidies received by the producer from the 

producer price. When a commodity is transferred from producers to a user it also adds 

a cost of the margin services (such as trade and transport). All values reported in the 

sub matrices within first row of Figure 4.1 are in basic prices. Sub-matrices in the 

second row indicate the value of both trade and transport margins. The third row 

includes sub-matrices that report domestic sales taxes. All basic, margin and tax 

matrices have two separate components of the same dimensions for locally produced 

and imported commodities. The next three rows of Figure 4.1 include the primary 

inputs for the production process. The seventh row reports all kinds of production taxes 

paid by the industries as well as production subsidies received by the industries. The 

last row of the Figure, known as other cost tickets3, includes any other cost components 

not included in above categories.  

 

The second component of Figure 4.1 is the make (or joint production) matrix, 

which is given below the absorption matrix, and shows the total value of the output 

produced by the local producers.  

 

The third sub-matrix includes the import duties of all the imported 

commodities. However in our current model this matrix is empty due to the limitations 

in Sri Lankan dataset. But the model is developed with this component, so that import 

duties can be introduced into the analysis with some improved dataset in future. 

  

                                                 
3  In the ORANI-G model, other cost tickets includes some indirect tax components. Hence all other 

cost tickets to producers are some sources of income for the government. In our current model this 

item is empty. But the model is developed with this component, so that other cost tickets can be 

introduced into the analysis with some improved dataset in future. 
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Figure 4.1: A schematic representation of model database 

  1 2 3 4 5 6 

  
Producers Investors Households Export Government 

Changes in 

inventories 

 Size I I  1 1   1 1 

Basic 
flows 

 
C x S V1BAS V2BAS V3BAS V4BAS V5BAS V6BAS 

Margins 

 
C x S x M V1MAR V2MAR V3MAR V4MAR V5MAR V6MAR 

Taxes 

 
C x S V1TAX V2TAX V3TAX V4TAX V5TAX V6TAX 

Labour 

 
1 V1LAB 

 

    

Capital 

 
1 V1CAP 

     

Land 

 
 

1 
V1LAND 

     

Product-
ion Tax 

 
1 V1PTX 

     

Other 
Cost 

tickets 

 
1 V1OCT 

     

 

   
Joint Production 
Matrix   

Import Duty 
Matrix 

Size I  size I 

C Make 
 

C V0TAR 

Source: adapted from Horridge (2003). 

 

 

The notations used for above sub matrices are subsequently used in labeling 

relevant equation blocks. The dimensions of the sub matrices are defined with the 

following sets and indices: industries (iIND); commodities (cCOM); margin 

commodities (mMAR); commodity sources (sSRC); and occupation types 

Key 

I     Number of Industries 

C    Number of commodities 

S    Source - Domestic or imported 

M  Number of commodities used as margins 

V    Value 

BAS    Value in basic price 

MAR  Margin 

TAX    Sales taxes 

LAB    Labour 

CAP    Capital 

PTX    Production tax 

OCT    Other cost tickets 

TAR    Import Tariff 
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(oOCC)4. All the variables in the model are systematically named for easy reference. 

While all percentage change variables are given in lower case letters, coefficients and 

parameters are given in upper case letters. Following Horridge (2013) a variable name 

usually consists of 3 components. They start with a prefix to indicate their category. 

Table 4.3 shows a list of prefixes used in the current model. 

 

Table 4.3: Prefix used in variable names 

Notation Description 

A technical change 

Del ordinary change 

F shift variable 

H indexing parameter 

P price in local currency, Rs 

Pf price in foreign currency 

S input share 

SIGMA elasticity of substitution 

T tax 

V level value 

W percentage change value 

X input quantity 

Source: adapted from Horridge (2003) 

 

Secondly, a digit from 0 to 6 is used in indicating the type of use, by the previously 

mentioned six categories of users, as follows (Table 4.4): 

 

Table 4.4: Digits used in variable names 

Notation Description 

1 current production 

2 fixed capital formation 

3 household consumption 

4 exports 

5 government demands 

6 changes in inventories 

0 for all users, or user distinction irrelevant 

Source: adapted from Horridge (2003) 

 

                                                 
4 In our current model, there is however only one occupation type however model is developed with 

this component, so that different occupational types can be introduced into the analysis with some 

improved dataset in future. 
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Thirdly, a few letters are used in naming the root of the variable. The abbreviated root 

names used are given in Table 4.5. 

 

Table 4.5: Root names of the variables 

Abbreviation Description 

Bas basic price - not including margins or taxes 

Pur purchaser price 

Cif imports at boarder price 

Tar tariffs 

Tax indirect taxes 

Lab labour 

Lnd land 

Cap capital 

Mar margins 

Oct other cost tickets 

Prim all primary factors (land labour and capital) 

Sub subsistence part of linear expenditure system 

Lux supernumerary part of linear expenditure system 

Tot total or overall average input for a user 

Source: adapted from Horridge (2003) 

 

In some cases an additional suffix, starting with an underscore (“_”), is used at 

the end of the variable name to indicate a summation over an index. For example the 

variable name “V3PUR_SC” denotes the value of household consumption of 

commodity c in purchaser price from all different sources s.  

 

All the variables in the SLRMRC-GEM, written in GEMPACK tablo codes, 

are named according to above described conventions. Hence the forthcoming 

paragraphs do not attempt to define all variables within the text. However a full list of 

all the variables in the model is given as Appendix A4.2, which is derived from 

Horridge (2013).  

 

Accounting Identities in the Model 

 

Figure 4.1 is also important in understanding the accounting identities in the 

model. Based on above schematic Figure and notations, the basic accounting identity 

in the input-output database can be expressed as follows: 

VlTOTi = MAKE_Ci, where iIND, and 
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SALESc = MAKE_Ic, where cCOM, 

where VlTOTi is the total cost of production of industry i, MAKE_Ci is the total value 

of output of industry i, SALESc is the total value of sales of good c, and MAKE_Ic is 

the total supply of good c by all industries. 

 

The value of the above-mentioned indices can be calculated with the sub-matrices in 

our database as follows. 

 

𝑉1𝑇𝑂𝑇𝑖 = ∑ ∑ 𝑉1𝐵𝐴𝑆𝑐,𝑠,𝑖

𝑆∈𝑆𝑅𝐶𝐶∈𝐶𝑂𝑀

+ ∑ ∑ ∑ 𝑉1𝐵𝐴𝑆𝑐,𝑠,𝑖,𝑚

𝑀∈𝑀𝐴𝑅𝑆∈𝑆𝑅𝐶𝐶∈𝐶𝑂𝑀

+ ∑ ∑ 𝑉1𝑇𝐴𝑋𝑐,𝑠,𝑖

𝑆∈𝑆𝑅𝐶𝐶∈𝐶𝑂𝑀

+ ∑ 𝑉1𝐿𝐴𝐵𝑖,𝑜

𝑜∈𝑂𝐶𝐶

+ 𝑉1𝐶𝐴𝑃 + 𝑉1𝐿𝑁𝐷

+ 𝑉1𝑃𝑇𝑋 + 𝑉1𝑂𝐶𝑇 

𝑆𝐴𝐿𝐸𝑆𝑐 = ∑ 𝑉1𝐵𝐴𝑆𝑐,dom,𝑖

𝐼∈𝐼𝑁𝐷

+ ∑ 𝑉2𝐵𝐴𝑆𝑐,dom,𝑖

𝐼∈𝐼𝑁𝐷

+ 𝑉3𝐵𝐴𝑆𝑐,dom + 𝑉4𝐵𝐴𝑆𝑐

+ 𝑉5𝐵𝐴𝑆𝑐,"𝑑𝑜𝑚" + 𝑉6𝐵𝐴𝑆𝑐,"𝑑𝑜𝑚" 

𝑀𝐴𝐾𝐸_𝐶𝐼 = ∑ 𝑀𝐴𝐾𝐸𝐶,𝐼

𝐶∈𝐶𝑂𝑀

 

𝑀𝐴𝐾𝐸_𝐼𝐶 = ∑ 𝑀𝐴𝐾𝐸𝐶,𝐼

𝐼∈𝐼𝑁𝐷

 

Source: adapted from Huey-LinLee (2002) 

  

4.3.3. Equations of the SLTMRC-GEM  

The linearized system of equations in the SLTMRC-GEM basically describes 

the theory underlying the behaviour of all agents in the Sri Lankan economy. 

Following neo-classical economic theory, all agents are assumed to be rational and to 

follow an optimising behaviour such that all producers minimise their input costs with 

constant-returns-to-scale production technologies and all consumers (households) 

maximise utility according to their preferences. All firms are assumed to be perfectly 

competitive and earn zero pure profits while all the agents are price-takers. The nested 

production structure and separability assumptions are used in minimizing the 

complexity in each agent's optimisation problem.  
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The key equations in SLTMRC-GEM can broadly be categorized in to following types:  

 industry demands for primary factors and intermediate inputs;  

 industry output decisions; 

 final demands for commodities by households, investors, government, 

exporters and inventories; 

 pricing in the economy which sets pure profits from all activities to zero;  

 market clearing equations for various primary factors and commodities; 

and  

 miscellaneous or definitional items such as GDP, aggregate employment 

and the consumer price index.   

 

When a CGE model is solved using GEMPACK software, the model equations 

are introduced to the computer with an input file written in tablo code. The TABLO 

file is a kind of text file used for communicating the model in normal algebraic format 

to the computer (Horridge & Pearson, 2011). The full model file written in tablo codes 

consists of 1500 command lines organized in to 50 subsections that we called excerpts. 

The first six excerpts of the model introduce the dataset into the model by defining sets 

and coefficients. Excerpts 7-19, which describe the theoretical structure of the input 

and output demands of all different agents of the economy, represents the core of the 

model. The remaining excerpts introduce accounting identities, zero profit and market 

clearing conditions, and tax, margin and price relationships, regional extensions and 

are used to calculate GDP aggregates and other reporting variables. A list of all 

excerpts in the model is given in Appendix A4.1, which is derived from (Horridge, 

2013). The following subsections describe the steps adopted in deriving key equations 

and their role within the model. 

 

4.3.3.1. Input Demand for Current Production 

We assume that all producers are perfectly competitive and price-takers for 

both inputs and outputs. Producers choose their input combinations according to a two 

stage nested production function (as shown in Figure 4.2) so that they can minimize 

their total cost of production. Each industry uses intermediate inputs (domestically 

produced and imported) and three primary factors, namely, labour, capital and land. 
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As Figure 4.2 shows, at the top level, the intermediate-input bundles, the 

primary factor bundles and all other cost components that we labeled as other cost 

tickets5 are used in fixed proportions to output, according to a Leontief production 

function.  

 

At the second level, the composite intermediate input bundles are formed by 

combining the domestic and imported inputs according to a constant-elasticity-of-

substitution (CES) function. Similarly, the primary factor composite bundles are CES 

combinations of primary inputs of land, capital and labour.  

 

Figure 4.2: The production structure of Sri Lankan economy 

 

Source: adapted from Horridge (2003) 

 

In the following three subsections we describe the steps used in deriving the 

model equations related to the various levels of our nested production function. 

 

                                                 
5 In the ORANI-G model, other cost tickets include some indirect tax components. Hence all other 

cost tickets to producers are some sources of income for the government. In our current model this 

item is empty. But the model is developed with this component, so that other cost tickets can be 

introduced into the analysis with some improved dataset in future. 
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Demand for Composite Inputs (Top level of the nested function) 

 

At the top level of the production function producers combine composite 

intermediate inputs, composite primary factors and other cost tickets in a Leontief 

function where there is no possibility for substituting intermediate inputs, primary 

factors and other cost tickets for each other. However, following Horridge (2013) the 

level of each input depends on the user efficiency. At this level, each industry 

minimizes its total cost of  

∑ 𝑃1_𝑆𝑐,𝑖
𝑐

∗ 𝑋1_𝑆𝑐,𝑖 + 𝑃1𝑃𝑅𝐼𝑀𝑖 ∗ 𝑋1𝑃𝑅𝐼𝑀𝑖 + 𝑃1𝑂𝐶𝑇𝑖 ∗ 𝑋1𝑂𝐶𝑇𝑖 

in producing its output X1TOTi with a given technology and associated level of 

efficiency by combining inputs according to a Leontief function given by: 

𝑋1𝑇𝑂𝑇𝑖 =
1

𝐴1𝑇𝑂𝑇𝑖
∗ 𝑀𝐼𝑁 [∀𝑐:

𝑋1_𝑆𝑐,𝑖

𝐴1_𝑆𝑐,𝑖
,
𝑋1𝑃𝑅𝐼𝑀𝑖

𝐴1𝑃𝑅𝐼𝑀𝑖
,
𝑋1𝑂𝐶𝑇𝑖

𝐴1𝑂𝐶𝑇𝑖
] 

where, 

𝑃1_𝑆𝑐,𝑖  price of composite commodity c used by industry i 

𝑃1𝑃𝑅𝐼𝑀𝑖 cost of primary factor composite in industry i 

𝑃1𝑂𝐶𝑇𝑖  price of other cost tickets in industry i 

𝑋1_𝑆𝑐,𝑖  demand for composite commodity c used by industry i 

𝑋1𝑃𝑅𝐼𝑀𝑖  demand for primary factor composite in industry i 

𝑋1𝑂𝐶𝑇𝑖 demand for other cost tickets by industry i 

𝐴1𝑇𝑂𝑇𝑖  overall input augmenting efficiency coefficient in industry i 

𝐴1_𝑆𝑐,𝑖  input efficiency coefficient of industry i in using the commodity c 

𝐴1𝑃𝑅𝐼𝑀𝑖 efficiency coefficient for primary inputs in industry i 

𝐴1𝑂𝐶𝑇𝑖  efficiency coefficient for other cost tickets in industry i 

 

The Hicks (1966) neutral technical change term in each industry’s production 

function, A1TOTi equally affects all inputs and allows some shift in production. 

Specific user efficiency terms for each input, 𝐴1_𝑆𝑐,𝑖, 𝐴1𝑃𝑅𝐼𝑀 and 𝐴1𝑂𝐶𝑇𝑖 decide 

the amount of each input required to satisfy a need for a unit of effective input in the 

production function. 
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The linearized form of industry input demand functions for intermediate input 

composites, the primary factor composite and the other cost composite can now be 

derived, following (Horridge, 2013) by taking the first order conditions for effective 

demand of composite input bundles as 

𝑥1_𝑠𝑐𝑖 = 𝑥1𝑡𝑜𝑡𝑖 + [𝑎1_𝑠𝑐𝑖 + 𝑎1𝑡𝑜𝑡𝑖] 

𝑥1𝑝𝑟𝑖𝑚𝑖 = 𝑥1𝑡𝑜𝑡𝑖 + [𝑎1𝑝𝑟𝑖𝑚𝑖 + 𝑎1𝑡𝑜𝑡𝑖] 

𝑥1𝑜𝑐𝑡𝑖 = 𝑥1𝑡𝑜𝑡𝑖 + [𝑎1𝑜𝑐𝑡𝑖 + 𝑎1𝑡𝑜𝑡𝑖] 

where all notations are same as above, but lowercase letters indicate percentage 

changes.  

 

When the model is solved using the GEMPACK software, all the algebraic 

equations are introduced into the computer with a text file written with tablo codes. 

Henceforth all the model equations given within boxes of this chapter are written in 

tablo format. Command lines in GEMPCK tablo (text) file are not very different to 

normal algebraic equations. The notations that we defined earlier are always used in 

naming variables. Even though GEMPACK itself is not case sensitive, we always use 

uppercase letters to denote level forms and parameters for easy reference; lower case 

letters always indicate percentage change variables. When a new equation is 

introduced, first it has to be defined as an equation and an identical equation name has 

also to be provided. Most of the equations in our model file represent a matrix of 

equations relevant to different elements of given sets. At the beginning of each 

equation, we indicate the dimensions of the matrix. If any dimension is not given 

before any equation, it represents a single equation. Equation names are usually 

followed by verbal definitions included in between “#” signs (any text included within 

“#” signs are not read by the computer and those are only for our reference).   

 

The previously given three algebraic equations for input demands can be given 

in tablo format as in Box 4.1.  
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Box 4.1: Input demand equations in top level of the production function. 

Equation E_x1_s  # Demands for intermediate input composites # 
 (all,c,COM)(all,i,IND)  x1_s(c,i) - [a1_s(c,i) + a1tot(i)] = x1tot(i); 
 
Equation E_x1prim  # Demands for primary factor composite # 
 (all,i,IND)  x1prim(i) - [a1prim(i) + a1tot(i)] = x1tot(i); 
 
Equation E_x1oct  # Demands for other cost tickets # 
 (all,i,IND)  x1oct(i) - [a1oct(i) + a1tot(i)] = x1tot(i); 

Source: SLTMRC-GEM, adapted from ORANIG of (CoPS, 2013) 
 

As the equations in Box 4.1 show, at a given input use technology (a1_s(c,i) 

and a1tot(i)), demand for that input moves in proportion with the level of output xtot(i). 

The “a” terms introduced into the production functions allow us to incorporate any 

input augmenting technical change. An industry i can increase its total production 

function with the same level of input by changing its all input augmenting technical 

change coefficient (a1tot(i)). For example, an industry i can achieve any given level 

of output X1TOT(i) with 10 per cent less of all inputs by decreasing a1tot(i) by 10 

percent. A 10 per cent decrease in a1_s(c,i) with any input c saving technical change 

by industry i can produce any given level of X1TOT(i) with 10 per cent lesser amount 

of input c (while other technical coefficients and input levels remain unchanged). 

Technical coefficients a1prim(i) and a1oct(i) in Equations E_x1prim and E_x1oct can 

similarly accommodate any efficiency change in using primary inputs and inputs 

included within other cost tickets (Dixon et al., 1982). 

 

Demand for Primary Factors in Producing Composite Primary Factor Bundle 

At the second level of the production function, and following (Horridge, 2013) 

producers combine units of capital, land and composite labour to produce a composite 

primary factor according to a CES function. With the available input use efficiency 

levels, each industry minimize their total cost of primary factors given by, 

∑ 𝑃1𝐿𝐴𝐵𝑜𝑖 ∗ 𝑋1𝐿𝐴𝐵𝑜𝑖

𝑜

+ 𝑃1𝐶𝐴𝑃𝑖 ∗ 𝑋1𝐶𝐴𝑃𝑖 + 𝑃1𝐿𝑁𝐷𝑖 ∗ 𝑋1𝐿𝑁𝐷𝑖 

Subjected to CES demand function 

𝑋1𝑃𝑅𝐼𝑀𝑖

𝐴1𝑃𝑅𝐼𝑀𝑖
= [𝜃𝑖

𝐿
𝑋1𝐿𝐴𝐵_𝑂𝑖

−𝜌𝑖
𝑝

𝐴1𝐿𝐴𝐵_𝑂𝑖
, 𝜃𝑖

𝐾
𝑋1𝐶𝐴𝑃𝑖

−𝜌𝑖
𝑝

𝐴1𝐶𝐴𝑃𝑖
, 𝜃𝑖

𝑁
𝑋1𝐿𝑁𝐷𝑖

−𝜌𝑖
𝑝

𝐴1𝐿𝑁𝐷𝑖
]

1

−𝜌
𝑖
𝑝
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where, 

𝑃1𝐿𝐴𝐵𝑜 price of composite labour in industry i 

𝑃1𝐶𝐴𝑃  capital rental in industry i 

𝑃1𝐿𝑁𝐷 land rental in industry i 

𝑋1𝐿𝐴𝐵𝑜 quantity of composite labour used in industry i 

𝑋1𝐶𝐴𝑃  quantity of capital rental in industry i 

𝑋1𝐿𝑁𝐷 quantity of land rental used in industry i 

𝑋1𝑃𝑅𝐼𝑀𝑖  primary factor composite in industry i 

𝐴1𝑃𝑅𝐼𝑀𝑖  primary-factor efficiency coefficient in industry i 

𝑋1𝐿𝐴𝐵_𝑂𝑖 labour composite in industry i 

𝐴1𝐿𝐴𝐵_𝑂𝑖 labour efficiency coefficient in industry i 

𝐴1𝐶𝐴𝑃𝑖  capital efficiency coefficient in industry i 

𝐴1𝐿𝑁𝐷𝑖  land efficiency coefficient in industry i 

𝜃𝑖
𝐿 ,𝜃𝑖

𝐾 and𝜃𝑖
𝑁distribution parameters in primary factor composite of industry i 

𝜎𝑖
𝑝

   constant elasticity of substitution between primary factor inputs:  

𝜎𝑖
𝑝
 = 1/(1 +𝜌𝑖

𝑝
 ) 

 

The conditional demand for each factor input can be derived from the above 

equation and written in linearized form in our model file in GEMPACK as in Box 4.2. 

Since tablo codes do not permit use of any mathematical symbols, subscripts or 

superscripts 𝜎𝑖
𝑝
 is given as SIAGMA1PRIM(i). 

 

Box 4.2: Equations for forming primary factor composite 

Equation 
 E_x1lab_o  # Industry demands for effective labour # 
  (all,i,IND)  x1lab_o(i) - a1lab_o(i) = 
   x1prim(i) - SIGMA1PRIM(i)*[p1lab_o(i) + a1lab_o(i) - p1prim(i)]; 
 
 E_p1cap  # Industry demands for capital # 
  (all,i,IND)  x1cap(i) - a1cap(i) = 
   x1prim(i) - SIGMA1PRIM(i)*[p1cap(i) + a1cap(i) - p1prim(i)]; 
 
 E_p1lnd  # Industry demands for land # 
  (all,i,IND)  x1lnd(i) - a1lnd(i) = 
   x1prim(i) - SIGMA1PRIM(i)*[p1lnd(i) + a1lnd(i) - p1prim(i)]; 

Source: SLTMRC-GEM, adapted from ORANIG of Horridge (2013) 
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As the three equations in Box 4.2 show, at a given level of factor use efficiency, 

the change in demand for each of the primary factor depends on both expansion and 

substitution effects. When demand for the composite primary factor increases with 

expanding industry demand, the demand for each primary factor tends to move in 

proportion to the overall factor demand (x1prim(i)). But with the CES function it also 

allows a certain amount of substitution between primary factors according to a given 

value of sigma. The substitution effect can be calculated by multiplying 

SIGMA1PRIM(i) and the ratio of each factor’s effective price to average effective 

primary factor cost, p1prim(i). Given the prices of each primary input i, the substitution 

effect allows producers to substitute some expensive primary factors with relatively 

cheaper ones. 

Demand for Intermediate Inputs 

In this model, following (Horridge, 2013) intermediate inputs from domestic 

and imported sources are combined to create a composite intermediate input bundle 

with a CES function in order to capture the idea of imperfect substitutability between 

domestic and imported intermediate inputs (following Armington, 1969). At given 

input use efficiency levels, industries minimize their total cost 

∑ 𝑋1𝑐,𝑠,𝑖

𝑠

∗ 𝑃1𝑐,𝑠,𝑖 

subject to n Armington6 CES aggregation 

𝑋1_𝑆𝑐,𝑖 = 𝐶𝐸𝑆 [
𝑋1𝑐,𝑠,𝑖

𝐴1𝑐,𝑠,𝑖
] 

where: 

𝑋1𝑐,𝑠,𝑖  is the quantity of intermediate input c demanded from source s for industry i 

𝑃1𝑐,𝑠,𝑖  is the price of intermediate input c from source s for industry i 

𝑋1_𝑆𝑐,𝑖 is the quantity of intermediate input c demanded from all sources for industry 

i 

𝐴1𝑐,𝑠,𝑖  is the input efficiency of intermediate input c demanded from source s for 

industry i 

                                                 
6 Widely used, the Armington (1969) assumption on elasticity of substitution between products of 

different countries is used in calculating import domestic composites. 
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The demand equations for intermediate input composites can be given in tablo codes 

as in Box 4.3.  

 

Box 4.3: Equations for creating intermediate input composites 

Equation E_x1  # Source-specific commodity demands # 
 (all,c,COM)(all,s,SRC)(all,i,IND) 
  x1(c,s,i)-a1(c,s,i) = x1_s(c,i) -SIGMA1(c)*[p1(c,s,i) +a1(c,s,i) -
p1_s(c,i)]; 
 
Equation E_p1_s  # Effective price of commodity composite # 
 (all,c,COM)(all,i,IND) 
  p1_s(c,i) = sum{s,SRC, S1(c,s,i)*[p1(c,s,i) + a1(c,s,i)]}; 
 
Equation E_p1mat  # Intermediate cost price index # 
 (all,i,IND) 
  p1mat(i) = sum{c,COM, sum{s,SRC, 
(V1PUR(c,s,i)/ID01[V1MAT(i)])*p1(c,s,i)}}; 

Source: SLTMRC-GEM, adapted from ORANIG of Horridge (2013) 

 

As equation E_X1 shows, any given industry i’s demand for an intermediate 

input c from a source s depends on the total output of the industry, x1_s(c,i) and the 

relative prices of the input from different sources, p1(c,s,i) and the possibility of 

substitution given by SIGMA1(c).  

 

4.3.3.2. Inputs Demands for Capital Formation 

The structure of investment demand for capital formation is given in Figure 

4.4. As for intermediate demand for industries, each commodity required in producing 

capital can be sourced either from local or imported goods. 
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Figure 4.3: Structure of investment demand 

 

Source: adapted from Horridge (2003) 

 

Following (Horridge, 2013), investors try to minimize the cost of formation of 

a unit of capital, according to a two stage nested production function depicted in Figure 

4.4. At the top level, the effective units of commodities required for producing a unit 

of capital are combined in fixed proportions in a Leontief function: 

= 𝑚𝑖𝑛 [
𝑋21,𝑖

𝐴21,𝑖
, … . ,

𝑋2𝑐,𝑖

𝐴2𝑐,𝑖
 ] 

subject to the Armington CES aggregation in the second level 

𝑋2_𝑆𝑐,𝑖 = 𝐶𝐸𝑆 [
𝑋2𝑐,𝑠,𝑖

𝐴2𝑐,𝑠,𝑖
] 

where: 

𝑋2𝑇𝑂𝑇𝑖   is the investment by using industry i 

𝑋21,𝑖 and 𝑋2𝑐,𝑖 is the investment demand of industry i  

𝐴21,𝑖 and 𝐴2𝑐,𝑖  are technical coefficients denoting the input use efficiency in 

creating a capital for industry i. 

𝑋2_𝑆𝑐,𝑖   is the import/ domestic composite of commodity c 
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𝑋2𝑐,𝑠,𝑖    is the investment demand for commodity c in either source 

𝐴2𝑐,𝑠,𝑖    is the basic technical change in investment commodity us 

 

The linearized form input demand equations derived from the above two 

equations can be given in tablo language as follows (Box 4.4) 

 

Box 4.4: Equations for investment demand 

Equation  E_x2_s  # Investment by using industry #; 
(all,c,COM)(all,i,IND)  x2_s(c,i) - [a2_s(c,i) + a2tot(i)] = x2tot(i); 
 
Equation  E_p2tot # Cost of unit of capital #;  
(all,i,IND) p2tot(i)   = sum{c,COM, (V2PUR_S(c,i)/ID01[V2TOT(i)]) 
*[p2_s(c,i) +a2_s(c,i) +a2tot(i)]}; 
 
Equation E_x2  # Source-specific commodity demands # 
(all,c,COM)(all,s,SRC)(all,i,IND) 
x2(c,s,i)-a2(c,s,i) - x2_s(c,i) = - SIGMA2(c)*[p2(c,s,i)+a2(c,s,i) - 
p2_s(c,i)]; 
 
Equation E_p2_s  # Effective price of commodity composite # 
(all,c,COM)(all,i,IND) 
p2_s(c,i) = sum{s,SRC, S2(c,s,i)*[p2(c,s,i)+a2(c,s,i)]}; 
 

Source: SLTMRC-GEM, adapted from ORANIG of CoPS (2013) 

 

The percentage change in demands for composite commodities for creating 

capital is given in the equation E_x2_s. If there is no change in input use efficiencies, 

the demand for composite inputs changes with the demand for installing new capital. 

The source specific commodity demand for capital creation is given by the equation 

E_x2. The possibilities of substituting between domestic and imported commodities is 

decided by the given elasticity parameter sigma2(c). As for intermediate demands, the 

technical coefficients (a2 s) are important in introducing any input saving technical 

improvements to the model. Equations E_p2_s and E_p2tot are important for 

calculating the price of composite goods for capital creation and the price of a capital 

good created respectively.  

 

4.3.3.3. Household Demands 

Households in the models are price takers. The representative household in the model 

attempts to maximize its utility by combining 65 commodities in the economy 

according to a two stage nested demand function depicted in Figure 4.4. 
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Following (Horridge, 2013), the first stage (top level) of the function is derived 

from Klein-Rubin’s per household utility maximization problem (Klein, 1947-48). At 

the second stage, the household attempts to minimize its cost by forming bundles of 

consumption items by combining domestic and imported items. 

 

Figure 4.4: Household demand 

 

Source: adapted from Horridge (2003) 

 

With Klein-Rubin’s function, we first assume that total consumption of the 

household can be separated into two parts as basic and luxury consumption. A 

representative household in the economy first spends for purchasing a minimum 

quantity of subsistence items to satisfy their basic consumption needs regardless of the 

price of those items. The remaining share of the budget is next allocated to 

supernumerary or luxury consumption. The optimization problem associated with this 

stage, again following (Horridge, 2013), is as follows.  
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At a given price level households choose composite commodity bundles, (
𝑋3_𝑆𝑐

𝑄
)  to 

maximize their utility  

𝑈 = 𝜋𝑐 [[
𝑋3_𝑆𝑐

𝑄 ∗ 𝐴3_𝑆𝑐
] − 𝐴3𝑆𝑈𝐵𝑐]

𝑆3𝐿𝑈𝑋𝑐

 

subject to  

(
𝑉3𝑇𝑂𝑇

𝑄
) = ∑ (

𝑋3_𝑆𝑐

𝑄
) ∗ 𝑃3_𝑆𝑐 

with 

𝑋3_𝑆𝑐 = 𝑋3𝐿𝑈𝑋𝑐 +  𝑋3𝑆𝑈𝐵𝑐 

𝐴3𝑆𝑈𝐵𝑐 =
𝑋3𝑆𝑈𝐵𝑐

𝑄
 

where: 

𝑋3𝑆𝑈𝐵𝑐  is the subsistence demand for commodity c 

𝑋3𝐿𝑈𝑋𝑐   is the subsistence demand for commodity c  

Q   is the number of households 

𝑋3_𝑆𝑐 is the household demand for domestic import composite of 

commodity c 

𝐴3_𝑆𝑐    is the household’s taste change for domestic import composite of  

commodity c 

𝐴3𝑆𝑈𝐵𝑐  is the household’s taste change of subsistence demand for commodity 

c 

𝑃3_𝑆𝑐  is the average price of composite good c 

𝑉3𝑇𝑂𝑇  is the total purchases by household 

𝑆3𝐿𝑈𝑋𝑐  is the marginal budget share of composite good c 

 

Following this demand functions can be derived for subsistence and luxury 

commodities consumed by the households as: 

𝑋3𝑆𝑐 = 𝑋3𝑆𝑈𝐵𝑐 +
𝑉3𝐿𝑈𝑋 

𝑃3_𝑆𝑐
 

𝑉3𝐿𝑈𝑋 = 𝑉3𝑇𝑂𝑇 − ∑ 𝑋3𝑆𝑈𝐵𝑐 ∗ 𝑃3_𝑆𝑐 
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The above equation shows the expenditure on each composite commodity as a linear 

function of prices and expenditure. 

In the bottom level of the nested demand function, again following (Horridge, 

2013), the households combine domestic and imported commodities to form 

composite commodity bundles with CES functions to minimize their total cost of   

X3c,s , 

 ∑ 𝑃3𝑐,𝑠 𝑋3𝑐,𝑠 

subject to  

   𝑋3_𝑆𝑐 = 𝐶𝐸𝑆[𝑋3𝑐,𝑠] 

where 

𝑋3𝑐,𝑠  is the household demand for commodity c from source s 

𝑃3𝑐,𝑠  is the price of commodity c from source s observed by the household 

 

In tablo language, the linearized equations for total household demand can be provided 

as given in Box 4.5.  

 

Box 4.5: Equations for household demand 

Equation 
 E_x3sub # Subsistence demand for composite commodities # 
  (all,c,COM) x3sub(c) = q + a3sub(c); 
 
 E_x3lux # Luxury demand for composite commodities # 
  (all,c,COM) x3lux(c) + p3_s(c) = w3lux + a3lux(c); 
 
 E_x3_s # Total household demand for composite commodities # 
  (all,c,COM) x3_s(c) = B3LUX(c)*x3lux(c) + [1-B3LUX(c)]*x3sub(c); 
 
 E_utility # Change in utility disregarding taste change terms # 
  utility + q = sum{c,COM, S3LUX(c)*x3lux(c)}; 
 
 E_a3lux # Default setting for luxury taste shifter # 
  (all,c,COM) a3lux(c) = a3sub(c) - sum{k,COM, S3LUX(k)*a3sub(k)}; 
 
 E_a3sub # Default setting for subsistence taste shifter # 
  (all,c,COM) a3sub(c) = a3_s(c) - sum{k,COM, S3_S(k)*a3_s(k)}; 
 
 E_x3tot # Real consumption # 
  x3tot = sum{c,COM, sum{s,SRC, [V3PUR(c,s)/V3TOT]*x3(c,s)}}; 
 
 E_p3tot # Consumer price index # 
  p3tot = sum{c,COM, sum{s,SRC, [V3PUR(c,s)/V3TOT]*p3(c,s)}}; 
 
 E_w3tot # Household budget constraint: determines w3lux # 
  w3tot = x3tot + p3tot; 

Source: SLTMRC-GEM, adapted from ORANIG of Horridge (2013) 
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As equation E_x3sub indicates, the subsistence demand changes with the 

number of households. The percentage change in the consumption of luxury items is a 

function of household’s super-numerary expenditure. The total household demand for 

commodity composites is given by equation E_x3_s. The parameter B3LUX(c) is the 

ratio of super-numerary to total expenditure for commodity c. it can be calculated with 

the following formula given in the model.  

𝐵3𝐿𝑈𝑋𝑐 = −
𝐸𝑃𝑆𝑐

𝐹𝑅𝐼𝐶𝐻
  

where: 

𝐹𝑅𝐼𝑆𝐻 =  − 
𝑉3𝑇𝑂𝑇

𝑉3𝑇𝑂𝑇 − ∑ 𝑃3_𝑆𝑐 ∗ 𝑆3𝑆𝑈𝐵𝑐𝑐
 

 

and the FRISH parameter is defined as the expenditure elasticity of the marginal utility 

of expenditure or “money flexibility”. See (Horridge, 2013) for more details. 

 

The total demand for household composite commodities is given by equation 

E_x3_s. The equation E_utility is helpful in calculating the total utility. Household’s 

taste changes towards luxury and subsistence items can be introduced with E_a3lux, 

and E_a3sub equations. E_x3tot is the total expenditure. Percent change in the 

consumer price index is calculated with the equation E_p3tot. The final equation, 

E_w3tot introduces the budget constraint of the representative household to the model. 

 

4.3.3.4. Government Demands 

In our model the total government demand can be calculated in two different 

ways, following (Horridge, 2013). When all shift variables are exogenous, the 

aggregate government demand is driven by the total household demand; which means 

that the percentage change in government demand is the same as that of household 

consumption. Government demand for individual commodities are assumed to follow 

the pattern of aggregate demand, however the model can allow for shocking the 

demand for individual commodities via use of shift variables. The linearized equation 

for government demand written in tablo codes is given in Box 4.6. 
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Box 4.6: Equations for government demand 

Equation 
 E_x5 # Government demands # (all,c,COM)(all,s,SRC) x5(c,s) = f5(c,s) + 
f5tot; 
 E_f5tot # Overall government demands shift # f5tot = x3tot + f5tot2; 
! note: normally ONE of f5tot and f5tot2 is exogenous 
 f5tot2 exogenous gives x5(c,s) = f5(c,s) + x3tot   ...gov follows hou 
 f5tot  exogenous gives x5(c,s) = f5(c,s) + f5tot   ...gov exog ! 

 

Source: SLTMRC-GEM, adapted from ORANIG of Horridge (2013) 

 

4.3.3.5. Export Demands 

Demand for Sri Lankan products from the rest of the world is given as export 

demand. Following (Horridge, 2013), the model allows for differentiating between 

local and exporting products and having different prices for each. Producers can decide 

the quantities for local and export markets via use of a CET function as follows 

𝑋4𝑐 = 𝐹4𝑄𝑐 [
𝑃4(𝑐)

𝑃𝐻𝐼. 𝐹4𝑃(𝑐)
]

𝜀(𝑐)

 

where, 

X4C  is the volume of exports of commodity c; 

P4C  is the f.o.b. export price of commodity c in Sri Lankan rupees; 

PHI  is the foreign exchange rate defined as the price of a unit of foreign country’s 

currency in terms of Sri Lankan rupees; 

𝜀(𝑐)   is a parameter and is the elasticity of export demand for good c; and 

1/𝜀(𝑐)=TAU 

F4  are shift variables to allows the change in the position of the export demand 

curves, and 

𝐹4𝑄𝑐  and   𝐹4𝑃𝑐 are horizontal (quantity) and vertical (price) shifters of the export 

demand equation. 

 

From the above equation we can derive the linearized form of export demand 

equations and present them in tablo language as in Box 4.7. 
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Box 4.7: Equations for export demand 

Equation E_x0dom  # Supply of commodities to export market # 
 (all,c,COM) TAU(c)*[x0dom(c) - x4(c)] = p0dom(c) - pe(c); 
 
Equation E_pe   # Supply of commodities to domestic market # 
 (all,c,COM) x0com(c) = [1.0-EXPSHR(c)]*x0dom(c) + EXPSHR(c)*x4(c); 
 
Equation E_p0com  # Zero pure profits in transformation # 
 (all,c,COM) p0com(c) = [1.0-EXPSHR(c)]*p0dom(c) + EXPSHR(c)*pe(c); 

Source: SLTMRC-GEM, adapted from ORANIG of Horridge (2013) 

 

As equation E_x0dom shows, the change in supply to export market depends 

on the change in relative prices. However, the quantity change for a price change 

depends on the export elasticity. Since this equation is not relevant for non-tradable 

commodities, it can be turned off for them by setting the value of TAU equal to zero. 

Supply to the domestic market changes with changes in total supply and the share for 

exports as given in equation E_pe. The third equation, E_p0com is useful in calculating 

the change in average price of the commodity p0com(c).      

 

4.3.3.6. Inventory Demand 

At the base year there is some small amount of unsold stock for almost all of 

the commodities. The initial level of the stocks is read from the database. Following 

(Horridge, 2013), the percent change in the stock associated with any given shock is 

assumed to follow the change in domestic production. The linearized GEMPACK 

tablo equation for changes in stocks is shown in Box 4.8. 

 

Box 4.8: Equation inventory demand 

Equation 

 E_delx6 # Stocks follow domestic output # (all,c,COM)(all,s,SRC) 

  100*LEVP0(c,s)*delx6(c,s) = V6BAS(c,s)*x0com(c) + fx6(c,s); 

Source: SLTMRC-GEM, adapted from ORANIG of Horridge (2013) 

 

4.3.3.7. Demands for Margin 

The services of margin industries such as transport, wholesale and retail trade 

facilitate the commodity and services flows from producers to users. Therefore, 

demands for margins are modelled as derived demands in ORANI type CGE models. 

Note that domestic margins include the cost of transferring imports from domestic 

ports to domestic users and the cost of transferring exports from domestic producers 



 

102 

 

to domestic ports (Horridge, 2013). Margins involved in international transport are not 

explicit in this model. All margins are treated as domestically produced. In the Sri 

Lankan case we identify 3 kinds of transport margins (road, rail and sea) and a trade 

(wholesale plus retail) margin.  

 

In the absence of any margin use efficiency changes, the demand for margin 

services moves in proportion to the demand for commodities. But a technical change 

that can improve the margin use efficiency can reduce the demand for the respective 

margin commodity (Dixon et al., 1982; Horridge, 2013). There are five equations for 

margins related to five users (industries (for intermediate use), investors, households, 

exports and government) in the model and they are written in tablo codes as shown in 

Box 4.9. 

 

Box 4.9: Margin demand by different users 

Equation  
E_x1mar  # Margins to producers #  
(all,c,COM)(all,s,SRC)(all,i,IND)(all,m,MAR) 
  x1mar(c,s,i,m) = x1(c,s,i) + a1mar(c,s,i,m); 
 E_x2mar  # Margins to investment # 
(all,c,COM)(all,s,SRC)(all,i,IND)(all,m,MAR) 
  x2mar(c,s,i,m) = x2(c,s,i) + a2mar(c,s,i,m); 
 E_x3mar  # Margins to households #  
(all,c,COM)(all,s,SRC)(all,m,MAR) 
  x3mar(c,s,m)   = x3(c,s) + a3mar(c,s,m); 
 E_x4mar  # Margins to exports #    (all,c,COM)(all,m,MAR) 
  x4mar(c,m)     = x4(c) + a4mar(c,m); 
 E_x5mar  # Margins to government # (all,c,COM)(all,s,SRC)(all,m,MAR) 
  x5mar(c,s,m)   = x5(c,s) + a5mar(c,s,m); 

Source: SLTMRC-GEM, adapted from ORANIG of Horridge (2013) 

 

4.3.3.8. Prices and Zero Pure Profit  

Following the ORANI tradition (Dixon et al., 1982), in this model, there are 

differences between the basic values of commodities (the price received by producers 

excluding sales taxes and trade and transport margins etc.) and purchasers’ prices 

which may differ according to the users of commodities. This sub-section presents the 

relationship between these sets of prices together with their relationships to the foreign 

currency prices of exports and imports. The following assumptions are used to set out 

the system of prices in the model: 
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1. The zero pure profit condition to demonstrate that revenue per unit of 

output in each industry equals cost per unit of output and there are no pure 

profits in any activity. 

2. It is assumed that basic prices are identical across users and producing 

industries with regard to domestic goods and across importers with regard 

to imported goods. 

3. There are no margins on margins.  

Box 4.10: Zero pure profit conditions 

Equation E_p1 # Purchasers prices - producers # 
 (all,c,COM)(all,s,SRC)(all,i,IND) 
  [V1PUR(c,s,i)+TINY]*p1(c,s,i) = 
   [V1BAS(c,s,i)+V1TAX(c,s,i)]*[p0(c,s)+ t1(c,s,i)] 
    + sum{m,MAR, V1MAR(c,s,i,m)*[p0dom(m)+a1mar(c,s,i,m)]}; 
 
Equation E_p2 # Purchasers prices - capital creators # 
 (all,c,COM)(all,s,SRC)(all,i,IND) 
  [V2PUR(c,s,i)+TINY]*p2(c,s,i) = 
   [V2BAS(c,s,i)+V2TAX(c,s,i)]*[p0(c,s)+ t2(c,s,i)] 
    + sum{m,MAR, V2MAR(c,s,i,m)*[p0dom(m)+a2mar(c,s,i,m)]}; 
 
Equation E_p3 # Purchasers prices - households # 
 (all,c,COM)(all,s,SRC) 
  [V3PUR(c,s)+TINY]*p3(c,s) = 
   [V3BAS(c,s)+V3TAX(c,s)]*[p0(c,s)+ t3(c,s)] 
    + sum{m,MAR, V3MAR(c,s,m)*[p0dom(m)+a3mar(c,s,m)]}; 
 
Equation E_p4 # Zero pure profits in exporting # 
 (all,c,COM) 
  [V4PUR(c)+TINY]*p4(c) = 
   [V4BAS(c)+V4TAX(c)]*[pe(c)+ t4(c)] 
    + sum{m,MAR, V4MAR(c,m)*[p0dom(m)+a4mar(c,m)]}; 
! note that we refer to export taxes,not subsidies ! 
 
Equation E_p5 # Zero pure profits in distribution to government # 
 (all,c,COM)(all,s,SRC) 
  [V5PUR(c,s)+TINY]*p5(c,s) = 
   [V5BAS(c,s)+V5TAX(c,s)]*[p0(c,s)+ t5(c,s)] 
    + sum{m,MAR, V5MAR(c,s,m)*[p0dom(m)+a5mar(c,s,m)]}; 
 
! alternate form  
Equation E_p5q # Zero pure profits in distribution of government # 
(all,c,COM)(all,s,SRC) 
[V5PUR(c,s)+TINY]*p5(c,s) = 
  [V5BAS(c,s)+V5TAX(c,s)]*p0(c,s) 
+ 100*V5BAS(c,s)*delt5(c,s) 
+ sum{m,MAR, V5MAR(c,s,m)*[p0dom(m)+a5mar(c,s,m)]};  !  

 
Equation E_p0B # Zero pure profits in importing # 
(all,c,COM) p0(c,"imp") = pf0cif(c) + phi + t0imp(c); 
 

Source: SLTMRC-GEM, adapted from ORANIG of Horridge (2013) 
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On the basis of the above assumptions the linearized equations for zero pure 

profit conditions in tablo codes are given in Box 4.10. Equations E_p1 to E_p5 define 

the purchaser price of the first five users in our model so that they all have zero pure 

profits out their transactions. The purchaser price is a sum of basic value, sales taxes 

and margins. Sales taxes are considered to be ad valorem on basic values. The last 

equation, E_p0B, defines currency exchange associated with importing such that the 

importer will also have zero pure profits on this account. 

 

4.3.3.9. Market Clearing Conditions 

The market clearing condition is another key assumption used in this model. 

Similar to many other CGE models, it is assumed that there exist some prices so that 

there is no any excess supply or demand within the Sri Lankan economy.  

 

Box 4.11: Equations for market clearing conditions 

Variable (change) 
 (all,c,COM)(all,s,SRC)(all,d,DEST) delSale(c,s,d) # Sales aggregates #; 
Equation 
E_delSaleA (all,c,COM)(all,s,SRC) delSale(c,s,"Interm") = 
                   0.01*sum{i,IND,V1BAS(c,s,i)*x1(c,s,i)}; 
E_delSaleB (all,c,COM)(all,s,SRC) delSale(c,s,"Invest") = 
                   0.01*sum{i,IND,V2BAS(c,s,i)*x2(c,s,i)}; 
E_delSaleC (all,c,COM)(all,s,SRC) 
delSale(c,s,"HouseH")=0.01*V3BAS(c,s)*x3(c,s); 
E_delSaleD (all,c,COM)            
delSale(c,"dom","Export")=0.01*V4BAS(c)*x4(c); 
E_delSaleE (all,c,COM)            delSale(c,"imp","Export")=   0; 
E_delSaleF (all,c,COM)(all,s,SRC) delSale(c,s,"GovGE") 
=0.01*V5BAS(c,s)*x5(c,s); 
E_delSaleG (all,c,COM)(all,s,SRC) delSale(c,s,"Stocks") = 
LEVP0(c,s)*delx6(c,s); 
E_delSaleH (all,m,MAR)            delSale(m,"dom","Margins") = 0.01* 
  sum{c,COM, V4MAR(c,m)*x4mar(c,m)   ! note nesting of sum parentheses ! 
 + sum{s,SRC, V3MAR(c,s,m)*x3mar(c,s,m) + V5MAR(c,s,m)*x5mar(c,s,m) 
  + sum{i,IND, V1MAR(c,s,i,m)*x1mar(c,s,i,m) + 
V2MAR(c,s,i,m)*x2mar(c,s,i,m)}}}; 
E_delSaleI (all,n,NONMAR)    delSale(n,"dom","Margins") = 0; 
E_delSaleJ (all,c,COM)      delSale(c,"imp","Margins") = 0; 
 

Equation E_p0A # Supply = Demand for domestic commodities # 
(all,c,COM) 0.01*[TINY+DOMSALES(c)]*x0dom(c) 
=sum{u,LOCUSER,delSale(c,"dom",u)}; 
 
Variable (all,c,COM)  x0imp(c)   # Total supplies of imported goods #; 
Equation E_x0imp # Import volumes # 
 (all,c,COM) 0.01*[TINY+V0IMP(c)]*x0imp(c) = 
sum{u,LOCUSER,delSale(c,"imp",u)}; 

Source: SLTMRC-GEM, adapted from ORANIG of Horridge (2013) 
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Hence the total supply of both domestic and imported goods in the economy is 

exactly the same as the demand for them. The percentage change forms of all market 

clearing equations in tablo codes are given in Box 4.11. 

 

This block of equations starts with developing a new matrix (delsale) to calculate 

total domestic sales. All equations starting with the term delsale calculate the current 

value of the change in the sales to each domestic agent. The equation E_p0A is used 

for summing up the total demand for domestic commodities and setting it equal to the 

previously calculated change in total supply, x0dom. The change in demand for 

imports is calculated by E_x0imp with the assumption that the world price of imports, 

pf0cif(c), is exogenously decided. Further the supply elasticity of the imports is 

assumed to be infinite. For further details, see (Horridge, 2013). 

 

4.3.3.10. Top-down Multiregional Extension 

The different sets of equations described in above subsections, 4.3.3.1 to 

4.3.3.9, are related to the core (national) component of the SLTMRC-GEM model. 

The purpose of this section is to describe the top-down multiregional extension of the 

SLTMRC-GEM. Equations related to the top-down multiregional extension are a key 

feature in this model. The model starts with a national level balanced database. During 

a simulation, the model first solves all of the equations required for creating a new 

national level equilibrium, and the corresponding multiregional level impacts are then 

based on a set of variables which are secondarily estimated using fixed externally 

provided shares. Box 4.12 shows the equations for calculating direct and marginal 

demands. Other regional shares are also calculated in a similar method by following 

the methodology of the Dixon et al. (1982) and Horridge (2013). 

 

4.3.3.11. Other Equation 

In addition to above described core equation blocks, the SLTMRC-GEM 

contains a number of other simple aggregative equations related to pricing, tax, income 

expenditure, GDP aggregates, trade balances, pricing etc. Other equations in the model 

relevant to national and regional reporting variables etc. are same as in the standard 

ORANIG model (Horridge, 2013) and mostly relate to some normal algebraic 

calculations. This thesis does not attempt to explain all of these well-established 
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equations, since the reader can go to the ORANI groups handbooks to look them up in 

full detail. However a summary of the main aggregative equations used in SLTMRC-

GEM are presented in Box 4.13. 

 

Box 4.12: Equations for calculating regional level direct and marginal demands 

Equation E_regx1 # Direct intermediate demands by industry and region # 
(all,c,COM)(all,s,SRC)(all,i,IND)(all,r,REG) 
 regx1(c,s,i,r) = x1(c,s,i) + rgshr1(i,r); 
Equation E_regx2 # Direct investment demands by industry and region # 
(all,c,COM)(all,s,SRC)(all,i,IND)(all,r,REG) 
 regx2(c,s,i,r) = x2(c,s,i) + rgshr2(i,r); 
Equation E_regx3 # Consumption by region # 
(all,c,COM)(all,s, SRC)(all,r,REG) 
 regx3(c,s,r)= x3(c,s) + rgshr3(c,r); 
Equation E_regx4 # Exports by region # 
(all,c,COM)(all,r,REG) 
 regx4(c,r) = x4(c) + rgshr4(c,r); 
Equation E_regx5 # Other demands by region # 
(all,c,COM)(all,s,SRC)(all,r,REG) 
 regx5(c,s,r)= x5(c,s) + rgshr5(c,r); 
Equation E_delregx6 # Inventories by region # 
(all,c,COM)(all,s,SRC)(all,r,REG) 
100*LEVP0(c,s)*{delregx6(c,s,r) - REGSHR6(c,r)*delx6(c,s)} 
 = REGSHR6(c,r)*V6BAS(c,s)*rgshr6(c,r); 

Source: SLTMRC-GEM, adapted from ORANIG of Horridge (2013) 

 

 

Box 4.13: A summary of other main equations 

Equations on tax rate 
E_t1  # Power of tax on sales to intermediate # 
  (all,c,COM)(all,s,SRC)(all,i,IND)   
t1(c,s,i)  = f0tax_s(c) + f1tax_csi; 
E_t2  # Power of tax on sales to investment # 
  (all,c,COM)(all,s,SRC)(all,i,IND)   
t2(c,s,i)  = f0tax_s(c) + f2tax_csi; 
E_t3  # Power of tax on sales to households # 
  (all,c,COM)(all,s,SRC)              
t3(c,s)    = f0tax_s(c) + f3tax_cs; 
E_t4A # Power of tax on sales to individual exports # 
  (all,c,TRADEXP)                     
t4(c)      = f0tax_s(c) + f4tax_trad; 
E_t4B # Power of tax on sales to collective exports # 
  (all,c,NTRADEXP)                    
t4(c)      = f0tax_s(c) + f4tax_ntrad; 
E_t5  # Power of tax on sales to government # 
  (all,c,COM)(all,s,SRC)              
t5(c,s)    = f0tax_s(c) + f5tax_cs; 
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GDP Income 
w1lab_i  # Aggregate payments to labour #; 
E_w1lab_io V1LAB_IO*w1lab_io = 
              sum{i,IND,sum{o,OCC, V1LAB(i,o)*[x1lab(i,o)+p1lab(i,o)]}}; 
 w1cap_i   # Aggregate payments to capital #; 
E_w1cap_i  V1CAP_I*w1cap_i = sum{i,IND, V1CAP(i)*[x1cap(i)+p1cap(i)]}; 
 w1lnd_i   # Aggregate payments to land #; 
E_w1lnd_i  ID01[V1LND_I]*w1lnd_i = sum{i,IND, V1LND(i)*[x1lnd(i)+p1lnd(i)]}; 
 w1prim_i  # Aggregate primary factor payments #; 
E_w1prim_i V1PRIM_I*w1prim_i=V1LAB_IO*w1lab_io+V1CAP_I*w1cap_i+V1LND_I*w1lnd_i; 
 w1oct_i   # Aggregate "other cost" ticket payments #; 
E_w1oct_i  ID01[V1OCT_I]*w1oct_i = sum{i,IND, V1OCT(i)*[x1oct(i)+p1oct(i)]}; 
 w0tax_csi # Aggregate revenue from all indirect taxes #; 
 E_w0tax_csi  [TINY+V0TAX_CSI]*w0tax_csi = 100*delV0tax_csi; 
w0gdpinc  # Nominal GDP from income side #; 
E_w0gdpinc   V0GDPINC*w0gdpinc = V1PRIM_I*w1prim_i + 100*delV0tax_csi; 
 
 

GDP Expenditure  
 x2tot_i    # Aggregate real investment expenditure #; 
E_x2tot_i  V2TOT_I*x2tot_i = sum{i,IND, V2TOT(i)*x2tot(i)}; 
 p2tot_i    # Aggregate investment price index #; 
E_p2tot_i  V2TOT_I*p2tot_i = sum{i,IND, V2TOT(i)*p2tot(i)}; 
 w2tot_i    # Aggregate nominal investment #; 
E_w2tot_i  w2tot_i = x2tot_i + p2tot_i; 
 x4tot      # Export volume index #; 
E_x4tot    V4TOT*x4tot = sum{c,COM, V4PUR(c)*x4(c)}; 
 p4tot      # Exports price index, local currency #; 
E_p4tot    V4TOT*p4tot = sum{c,COM, V4PUR(c)*p4(c)}; 
 w4tot      # Local currency border value of exports #; 
E_w4tot    w4tot = x4tot + p4tot; 
 x5tot      # Aggregate real government demands #; 
E_x5tot    V5TOT*x5tot = sum{c,COM, sum{s,SRC, V5PUR(c,s)*x5(c,s)}}; 
 p5tot      # Government price index #; 
E_p5tot    V5TOT*p5tot = sum{c,COM, sum{s,SRC, V5PUR(c,s)*p5(c,s)}}; 
 w5tot      # Aggregate nominal value of government demands #; 
E_w5tot    w5tot = x5tot + p5tot; 
 x6tot      # Aggregate real inventories #; 
E_x6tot    [TINY+V6TOT]*x6tot =100*sum{c,COM,sum{s,SRC,LEVP0(c,s)*delx6(c,s)}}; 
 p6tot      # Inventories price index #; 
E_p6tot    [TINY+V6TOT]*p6tot = sum{c,COM, sum{s,SRC, V6BAS(c,s)*p0(c,s)}}; 
 w6tot      # Aggregate nominal value of inventories #; 
E_w6tot    w6tot = x6tot + p6tot; 
 x0cif_c    # Import volume index, C.I.F. weights #; 
E_x0cif_c  V0CIF_C*x0cif_c = sum{c,COM, V0CIF(c)*x0imp(c)}; 
p0cif_c    # Imports price index, C.I.F., local currency #; 
E_p0cif_c  V0CIF_C*p0cif_c = sum{c,COM, V0CIF(c)*[phi+pf0cif(c)]}; 
 w0cif_c    # C.I.F. local currency value of imports #; 
E_w0cif_c  w0cif_c = x0cif_c + p0cif_c;  
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x0gne   # Real GNE #; 
E_x0gne V0GNE*x0gne = V3TOT*x3tot + V2TOT_I*x2tot_i + V5TOT*x5tot +V6TOT*x6tot; 
 p0gne   # GNE price index #; 
E_p0gne V0GNE*p0gne = V3TOT*p3tot + V2TOT_I*p2tot_i + V5TOT*p5tot +V6TOT*p6tot; 
 w0gne   # Nominal GNE #;  
 E_w0gne w0gne = x0gne + p0gne; 
 x0gdpexp   # Real GDP from expenditure side #; 
E_x0gdpexp x0gdpexp = [1/V0GDPEXP]*[V3TOT*x3tot + V2TOT_I*x2tot_i + 
V5TOT*x5tot+ V6TOT*x6tot + V4TOT*x4tot - V0CIF_C*x0cif_c]; 
 p0gdpexp   # GDP price index, expenditure side #; 
E_p0gdpexp p0gdpexp = [1/V0GDPEXP]*[V3TOT*p3tot + V2TOT_I*p2tot_i + V5TOT*p5tot 
+ V6TOT*p6tot + V4TOT*p4tot - V0CIF_C*p0cif_c]; 
 w0gdpexp   # Nominal GDP from expenditure side #; 
E_w0gdpexp w0gdpexp = x0gdpexp + p0gdpexp; 
 w0gdpdif   # Check = w0gdpexp - w0gdpinc   .. should be tiny #;   
E_w0gdpdif w0gdpdif = w0gdpexp - w0gdpinc; 

 Trade Balance 
 (change) delB # (Nominal balance of trade)/{nominal GDP} #; 
E_delB 100*V0GDPEXP*delB=V4TOT*w4tot -V0CIF_C*w0cif_c-[V4TOT-V0CIF_C]*w0gdpexp; 
       x0imp_c # Import volume index, duty-paid weights #; 
E_x0imp_c       x0imp_c = sum{c,COM, [V0IMP(c)/V0IMP_C]*x0imp(c)}; 
       w0imp_c # Value of imports plus duty #; 
E_w0imp_c      w0imp_c = x0imp_c + p0imp_c; 
       p0imp_c # Duty-paid imports price index, local currency #; 
E_p0imp_c       p0imp_c = sum{c,COM, [V0IMP(c)/V0IMP_C]*p0(c,"imp")}; 
     p0realdev # Real devaluation #; 
E_p0realdev  p0realdev =  p0cif_c - p0gdpexp; 
        p0toft # Terms of trade #; 
 E_p0toft        p0toft = p4tot - p0cif_c;  
Link Between Different Prices 

 (all,c,COM)  p0imp(c) # Basic price of imported goods = p0(c,"imp")#; 
E_p0dom  # Basic price of domestic goods = p0(c,"dom") # 
 (all,c,COM) p0dom(c) = p0(c,"dom"); 
E_p0imp  # Basic price of imported goods = p0(c,"imp") # 
 (all,c,COM) p0imp(c) = p0(c,"imp"); 

Source: adapted from ORANIG of Horridge (2013) 

 

 

4.3.4. Summary 

The structure of the new top-down Sri Lankan model developed in this 

research, the SLTMRC-GEM, has been described in this section. This model is 

different to previous Sri Lankan top-down models since this is calibrated with a 

recently complied disaggregated dataset which is updated for year 2011. Even though 

this model is not used in evaluating the research questions of this thesis, this model 

was constructed as a starting point for the new bottom-up multiregional model 

described in the next section. In addition to providing a dataset for constructing a 
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bottom-up dataset, this model was also used in carrying out some test simulations. The 

use of SLTMRC-GEM in this context is further explained in Chapter 5. 

 

4.4. The Structure of the Sri Lankan Bottom-up Regional CGE Model 

(SLBMRC-GEM)  

 This section provides a description of the new Sri Lankan Bottom-up Regional 

CGE model (SLBMRC-GEM) developed for this research. The SLBMRC-GEM 

follows the structure and method of The Enormous Regional Model (TERM) of the 

Australian economy developed by (Horridge, 2002) at the Centre of Policy Studies, 

Victoria University. TERM is a multiregional bottom-up counterpart of the ORANI 

model. Similarly, the SLBMRC-GEM is a bottom-up multiregional counterpart of 

SLTMRC-GEM, as presented in the previous section. The SLBMRC-GEM follows 

the same basic structure and theoretical assumptions of SLTMRC-GEM, however 

some new assumptions and equations are added to reorganize it into a bottom-up 

multiregional form. This section explains the added features of the SLBMRC-GEM 

(compared to SLTMRC-GEM) but does not repeat the basic characteristics described 

in the previous sections. 

 

4.4.1. The Theoretical Structure of SLBMRC-GEM 

As mentioned above the Sri Lankan Bottom-up Regional CGE (SLBMRC-

GEM) model follows the structure of the internationally recognized Australian 

modelling approaches, namely ORANI (Dixon et al., 1982) and TERM (Horridge, 

2002, 2012b, 2013). The nine provinces of Sri Lanka comprise the regions in this 

model. During simulations the model considers each region’s economy separately and 

aggregates these results to get national impacts. The basic material flows within the 

model can be simply depicted as in Figure 4.5 (noting that for ease of presentation this 

Figure incorporates only two rather than nine regions). 

 

The model starts with identifying five groups of actors in the economy, namely 

producers, investors, households, government and exporters. The model consists of a 

set of Johansen style linearized equations reflecting the assumed behaviour of these 

actors. The economy of the base year is considered as the initial equilibrium. A new 

equilibrium after a shock is solved by optimizing both the consumption and production 
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side equations for the various regional economies. National level values are then 

estimated as aggregates of the corresponding regional values. 

Figure 4.5: Flows within the bottom-up regional CGE model 

 

   Source: Adapted by the Author from Haddad and Hewings (2005) 

 

The SLBMRC-GEM has 65 sectors. As with SLTMRC-GEM, the calibration 

of the model started with the a 64 sector unpublished SUT (Supply User Table) and I-

O (Input-Output) Table for the year 2006 which were produced by the Department of 

Census and Statistics of Sri Lanka under a project funded by the Asian Development 

Bank. The SUT has subsequently been supplemented by incorporating some additional 

secondary data. 

 

4.4.2. The Structure of the Model Database 

The development of a database for a SLBMRC-GEM starts with that of 

SLTMRC-GEM. Figure 4.6, which is quite similar to Figure 4.1, is a schematic 

representation of multiregional input-output database for SLBMRC-GEM. Though the 

schematic structure is quite similar, Figure 4.6 represents the basic structure of the 

bottom-up multiregional model database. The columns in the absorption matrix 

represent the five major demanders in the economy, namely: 

1. Domestic producers comprised of I industries in R regions. 

2. Investors of I industries in R regions. 
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3. R representative households, one in each region. 

4. An aggregate exporter. 

5. The national government and 9 sub-national (provincial) governments. 

 

Figure 4.6: Basic structure of SLBMRC-GEM database 

  1 2 3 4 5 

  
Producers Investors Households Export Government 

 size IxR IxR  R  1 1 

Basic flows 

 
CXS V1BAS V2BAS V3BAS V4BAS V5BAS 

Margins 

 
CxSxMxR V1MAR V2MAR V3MAR V4MAR V5MAR 

Taxes 

 
CxSxR V1TAX V2TAX V3TAX V4TAX V5TAX 

Labour 

 
.0 V1LAB 

 

   

Capital 

 
1 V1CAP 
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Production 
Tax 

 
1 V1PTX 

    

 

 Joint Production 
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Import Duty 
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Source: Adapted from Horridge et al (2005) 

 

. 

Key 

R   Regions ( 9) 

I    Number of Industries (65) 

C   Number of commodities (65) 

S   Source - Domestic or imported (2) 

M Number of commodities used as margins (4) 

V   Value 

BAS   Value in basic price 

MAR Margin 

TAX   Sales taxes 

LAB   Labour 

CAP   Capital 

PTX    Production tax 

 

TAR   Import Tariff 
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The sixth column of inventories is not present in the bottom-up model since we 

assume producers keep inventories within themselves as well as within the regions of 

production. 

 

The value of purchase of each demander (user) is to be entered in the respective 

column of the demander. In the SLTMRC-GEM the value of purchases of an industry 

i from any of the region is included in a single column, but in the SLBMRC-GEM 

database it has R number of columns to represent a single industry within different 

provinces. If any industry is confined to only certain regions, other regions should have 

zero entries in their columns. Industries in all regions can also make investments; 

hence there are I x R number of columns to record the value of investments. Instead of 

the single representative household of our top-down model (SLTMRC-GEM), our 

bottom-up model (SLBMRC-GEM) has a single representative household for each 

region. Since exports from all regions are assumed to be uniform, and receive same 

price, a single exporter is all that is required. The government column includes both 

national and regional governments. 

 

The first row of the absorption matrix includes the basic price of C number of 

commodities from S number of sources (domestic and import). Each margin 

commodity included in second row can come from R number of regions. Taxes 

included in third row should consist of R number of regions and can be different for 

those who use different margin commodities. All primary factors and production taxes 

included in rest of the rows can also come from R number of regions. 

 

The separate aggregate make matrix, with C x S dimension, represents the total 

domestic production of the industries. The matrix (vector) of import duty represents 

the aggregated import duty on imported commodities; such that the import duty for a 

commodity used in any region is the same. 

 

In addition, the bottom-up model also contains an interregional trade matrix. 

Any of the commodities used by a user in region r can literally come from any of the 

regions. The regional composition of the same local commodity for different users in 

the region r is not necessarily the same. However for simplicity, and due to data 
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limitations, the regional composition of any commodity purchased by any user in the 

region r is assumed to be same in the SLBMRC-GEM. 

 

The schematic diagram given in Figure 4.7 further explains the data structure 

and accounting identities used in the SLBMRC-GEM model; Table 4.6 provides a key 

to the figure. Further the figure is also important in explaining the mechanism used to 

conduct simulations with the model. Boxes labeled with bold letters indicate the data 

matrix or matrices to be read from the original database. Data matrices indicated in 

other boxes (those labeled with non-bold letters) and shaded in yellow can be 

calculated from the bolded data matrices read from original data base. The dimensions 

of all of the different matrices are indicated in the list of sets provided in Table 4.6. 

 

Table 4.6: Main sets in SLBMRC-GEM 

Index Set name Description Size 

s SRC Domestic or imported (ROW) sources (dom,imp) 2 

c COM Commodities 65 

m MAR Margin commodities (Trade, land/air/ water transport) 4 

i IND Industries 65 

o OCC Skills 1 

d DST Regions of use (destination) 9 

r ORG Regions of origin 9 

p PRD Regions of margin production 9 

f FINDEM Final demanders(HOU, INV,GOV, EXP); 4 

u USER Users   = IND union FINDEM 69 

Source: Adapted from Horridge et al  (2005) 

 

  



 

114 

 

Figure 4.7: A schematic diagram of the database of SLBMRC-GEM 

 
 

Source: Adapted from Horridge (2002, 2012a) 
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The Use and FINDEM matrices given in top left of the Figure 4.7 are derived 

from the first two rows of the absorption and final demand columns in Figure 4.6. 

Instead of basic prices, all values in the use and final demand matrices are now 

recorded in delivered prices; where the newly introduced delivered price is defined as 

basic price + margins (but excluding taxes). The Use table of SLBMRC-GEM has four 

dimensions, namely commodity, source, user and destination or region of use. The 

delivered value of the same quantity of a commodity to different regions can be 

different due to the region specific delivered prices. All final demands now have three 

dimensions, namely commodity, source and region of use. 

 

The tax matrix of the SLBMRC-GEM also has four dimensions, namely 

commodity, source, user and destination (the region of use). The four dimensional tax 

matrix corresponds to the third row of the SLTMRC-GEM database, as given in Figure 

4.1. To accommodate any tax from regional governments, the model allows for region 

specific taxes.  

 

Matrices of labour (LAB), capital (CAP), land (LND) and production taxes 

(PRODTAX) included in the factors component in the middle of column 1 of Figure 

4.7 correspond to respective rows of the SLTMRC-GEM database. But in a bottom-

up model all four matrices now include the dimension d to allow values specific to 

region of use (d). 

 

The two dimensional industry output matrix (which indicates the value of 

industry output) can be simply derived by summing up the USE, tax and factor 

matrices. Further, the value of the output matrix also equals the sum of the value of 

the corresponding make and inventories matrices. The MAKE matrix of SLBMRC-

GEM has three dimensions to represent the industry, commodity, and the region of 

production. The two dimensional matrices MAKE_I show the total commodity supply 

by the domestic producers. It is derived by aggregating the MAKE matrix on the 

industry dimension.  

 

The four dimensional TRADE matrix shows how commodities produced 

within regions are delivered to the user regions. Values given in trade matrix are in 

basic prices. In addition to locally produced goods, the values of imported goods 
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delivered to regions are also included in this matrix. The five dimensional TRADMAR 

matrices include the value of transport and trade margins used by delivered goods. The 

five dimensions include: the delivered commodity, source of the commodity, the 

margin, region of margin production (or supply), and the region of margin use. When 

this five-dimension matrix is aggregated on commodity and source dimensions, it 

represents the trading of the margin between producer region r and user region d. The 

total supply given in the MAKE_I matrix includes both margin and other commodities. 

While separated margin commodities are included in the SUPPMAR matrix, the rest 

of the commodities are used in deriving the trade matrix. The SUPPMAR matrix has 

four dimensions to represent the margin, region of production (supply), region of use 

and the production industry of the margin. 

 

The delivered value of locally produced commodities from various production 

regions can be derived by adding the TRADE and TRADMAR matrices together. The 

delivered value of imported goods is derived by adding the import and TRADMAR 

matrices. The import matrix of SLBMRC-GEM has two dimensions to represent the 

commodity and the region of the port of entry.  

 

According to the assumption on commodity supply, all the users in the use 

matrix obtain commodities from a common market in the user region. Even though the 

domestic and imported commodity combination varies with the user, the regional 

composition of domestic products is the same for all users. The three dimensional 

USE_U matrix shows the commodities used by all the users. The delivered values of 

the commodities are derived by summing the TRADE and TRADMAR matrices 

together. 

 

4.4.3. Equations of the SLBMRC-GEM 

Similar to SLTMRC-GEM, SLBMRC-GEM consists of a system of equations to 

specify each of the following relationships: 

 Producers’ demands for inputs (intermediate and primary) 

 Producers’ supplies of commodities (including margins) 

 Commodity Demands for capital formation 

 Demands for margins services 
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 Household demands 

 Export demands 

 Government demands 

 Inventories demands 

 Market-clearing conditions for commodities and primary factors 

 Numerous macroeconomics variables and price indices. 

(Wittwer and Horridge, 2010)  

 

In GEMPACK tablo language the model file consists of 1391 command lines. 

All variables in SLBMRC-GEM are also named according to the naming convention 

for SLTMRC-GEM defined in section 4.3.2. However a few new prefixes and root 

names had to be added in defining new variables in SLBMRC-GEM. A full list of 

variable names used in SLBMRC-GEM is provided in Appendix A4.4. Following 

(Horridge, 2002; Horridge and Wittter 2010), the total model written in tablo codes is 

organized in 36 subsections that are called excerpts for the ease of understanding. The 

first four excerpts are related to defining of variables and steps, reading the base year 

data from a file and updating values as price quantity relationships. Next two excerpts 

are used to describe domestic import, basic and purchaser price relationships. Excerpt 

seven is used to explain the substitutions between domestic and imported goods by 

industries, households and capital creators. Excerpts eight to fifteen, which represent 

the core of the model, describe the optimizing behavior of all demanders in the model. 

The rest of the excerpts consist of several other aggregative equations to calculate 

regional and national GDPs and other reporting variables. 

 

The main difference in SLBMRC-GEM is found in its sourcing mechanism of 

commodities by different regional demanders. While the demanders in SLTMRC-

GEM source their demands from a single national level market, in this bottom-up 

model, all demanders in SLBMRC-GEM source their commodities from r number of 

regional markets. Following (Horridge, 2012b), any demander in user region d has to 

first decide whether to use local or imported commodities. In general, the quantity 

demanded of a commodity c from source s by user u in region d can be given as  

𝑋𝑢𝑑
𝑐𝑠 =f(𝑋1𝑢𝑑

𝑐 , 𝐶𝐸𝑆[𝑃𝑢𝑑
𝑐𝑠 /𝑃1𝑢𝑑

𝑐 ] 

where, 
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𝑋𝑢𝑑
𝑐𝑠   is the quantity demanded of commodity c from source s by user u in region d. 

 

𝑋1𝑢𝑑
𝑐   is the quantity demanded for domestic – import composite of commodity c by 

user u in region d. 

𝑃𝑢𝑑
𝑐𝑠  is the purchaser prices of commodities. 

𝑃1𝑢𝑑
𝑐   is the average price of domestic-import composite. 

 

The level of substitution depends on the Armington elasticity and purchaser 

prices of domestic-import composite and the imported commodity. The average price 

of the domestic import composite is given by: 

𝑷1𝑢𝑑
𝑐 ∗ 𝑿1𝑢𝑑

𝑐 = ∑ 𝑿1𝑢𝑑
𝑐𝒔 𝑃1𝑢𝑑

𝑐𝒔

𝒔

 

 

If the domestic commodity is chosen at the first level, at the next level of the 

nested function it can be sourced from any of the r provinces. For simplicity we assume 

that, the average purchaser price of any commodity c experienced by any demander in 

a user region d is uniform. This is due to our assumption that all users of commodity c 

have same source composition for that commodity. Then the quantity demanded for 

all users of commodity c from source s and origin r to destination d is given by: 

 

𝑋𝑇𝑟𝑑
𝑐𝑠 = 𝑓(𝑋𝑇1𝑑

𝑐𝑠, 𝐶𝐸𝑆[𝑃𝐷𝑟𝑑
𝑐𝑠 /𝑃𝑈𝑑

𝑐𝑠] 
 

where, 

 
 

𝑋𝑇𝑟𝑑
𝑐𝑠   is the quantity demanded of goods c, s from r to d. 

𝑋𝑇1𝑑
𝑐𝑠  is the quantity demanded of sub-national source composite goods c in 

region d. 

𝑃𝐷𝑟𝑑
𝑐𝑠   is the delivered prices of goods. 

𝑃𝑈𝑑
𝑐𝑠  is the user or delivered prices of source-composite goods. 

 

The regional shares of the commodity bundle depend on the regional prices 

and the interregional substitution (Armington) elasticity. The average price of the sub- 

national source composite is given as: 

 

𝑃𝑈𝑑
𝑐𝑠. 𝑋𝑇1𝑑

𝑐𝑠 = ∑ 𝑋𝑇𝑟𝑑
𝑐𝑠

𝑟

. 𝑃𝐷𝑟𝑑
𝑐𝑠  
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An overview of the economic behaviour assumed for the different agents of the 

model are provided in the following sections; 4.4.3.1 to 4.4.3.12. Those sections 

basically attempt to highlight some core features of the SLBMRC-GEM compared to 

SLTMRC-GEM with the help of some model equations given in GEMPACK tablo 

codes.  

 

4.4.3.1. Input Demand of Producers 

Similar to SLTMRC-GEM the producers in any region of production, r, have 

a nested production function. As indicated in Figure 4.8, at the top level the regional 

producers combine primary factor composites and intermediate input composites in 

fixed proportions in a Leontief function.  

 

For simplicity, we assume there are no other costs. Any production tax or 

subsidy included within other costs in SLTMRC-GEM is incorporated to the model 

through pricing mechanisms.  

 

Figure 4.8: Producer’s input demand 

 

Source: Adapted from Horridge et al (2005) 
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Linearized demand equations of the model written in tablo codes are used to 

describe different stages of the nested production functions of regional producers, and 

are given in Box 4.14. Following (Horridge, 2002, 2012b), any producer in region r 

uses domestically produced or imported good available in that region. As equation 

E_xint shows, the total intermediate demand of regional producers is a CES 

combination of domestic and imported commodities. The level of substitution is 

decided by the corresponding Armington (dom-imp) elasticity. The regional 

composition of each domestically produced good is another CES combination as given 

in the equation E_xtrad, and this combination is common for all users. The composite 

primary factor is a CES combination of land, composite labour and capital. The 

demand for three primary factors (labour, capital and land) is given by the equations 

E_xlab, E_pcap, E_plnd. 

Box 4.14: Nested demand of regional producers 

Producers’ demand at top nest 
E_xint_s (all,c,COM)(all,i,IND)(all,d,DST) 
   xint_s(c,i,d) = atot(i,d) + aint_s(c,i,d) + xtot(i,d); 
 
E_xprim  # Use of composite primary factor # 
  (all,i,IND)(all,d,DST) xprim(i,d) = xtot(i,d)+atot(i,d)+aprim(i,d); 
 
Domestic-Import source composite of intermediate goods 
 E_xint (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)]; 
 
Regional composition of domestic goods 
E_xtrad # CES between goods from different regions # 
 (all,c,COM)(all,s,SRC)(all,r,ORG)(all,d,DST) ! CES demands ! 
  xtrad(c,s,r,d) = xtrad_r(c,s,d) 
                     - SIGMADOMDOM(c)*[pdelivrd(c,s,r,d)-puse(c,s,d)]; 
 
Primary factor composite 
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(i,d) + alab(i,d) - pprim(i,d)]; 
 
 E_pcap  # Industry demands for 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_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)]; 

Source: SLBMRC-GEM, adapted from TERM of Horridge (2002)  
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4.4.3.2. Input Demands for Capital Formation 

All the industries in the model also act as investors since they often make 

investments in capital goods in order to regulate their production capacities so that 

they can maximize their profit. Each industry is assumed to have its own capital 

creation input combination that allows them to minimize their cost of forming a unit 

of capital (Horridge, 2012b).  

 

 Similar to SLTMRC-GEM, investors in the model first combine source 

specific inputs by forming a composite input bundle for capital creation, and then 

combine them in fixed proportions in a Leontief function. The linearized GEMPACK 

Tablo equation for percentage change in capital creation is given in Box 4.15. 

 

Box 4.15: Commodity demand for capital creation 

 (all,c,COM)(all,d,DST) xinv_s(c,d) # Investment demands for 

dom/imp composite #; 

xinv(c,s,d) = xinv_s(c,d) -SIGMADOMIMP(c)*[ppur(c,s,"inv",d)-

pinvest(c,d)]; 

E_xinvi # Leontief technology for new capital creation # 

(all,c,COM)(all,i,IND)(all,d,DST)xinvi(c,i,d) =xinvitot(i,d);  

Source: SLBMRC-GEM, adapted from TERM of Horridge (2002) 

 

4.4.3.3. Demands for Margins Services 

Goods produced by any industry require some margin services in reaching its 

user located in any of the destination region. The purchaser price of a commodity to 

any particular user is a combination of its basic price, the value of margins used and 

taxes. Following (Horridge, 2002, 2012b), the total amount of margin used by a region 

at the base case is equal to total amount of margins traded into those regions. The 

required amount of the margin can then be a CES combination of those margins 

produced in p number of margin producing regions. The Box 4.16 includes the 

linearized percent change equations for margin demands in GEMPACK tablo codes. 
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Box 4.16: Supply of margins 

Equation E_xsuppmar_p # Composite margin m on goods passing from r to d 

# 

 (all,m,MAR)(all,r,ORG)(all,d,DST) ! add up demands ! 

  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)}}; 

 

Equation E_psuppmar_p # Price of composite margin m on goods from r to d 

# 

 (all,m,MAR)(all,r,ORG)(all,d,DST) ! CES price index ! 

ID01(SUPPMAR_P(m,r,d))*psuppmar_p(m,r,d)=sum{p,PRD, 

SUPPMAR(m,r,d,p)*pdom(m,p)};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) ! CES demands ! 

  xsuppmar(m,r,d,p) = xsuppmar_p(m,r,d) 

           - SIGMAMAR(m)*[pdom(m,p)-psuppmar_p(m,r,d)]; 

Source: SLBMRC-GEM, adapted from TERM of Horridge (2002) 

 

 

4.4.3.4. Household Demands 

 The nine regional representative households in SLBMRC_GEM are 

constrained optimizers. They select bundles of commodities from the market 

according to their preferences and budget constraints (disposable income). Similar to 

the households in SLTMRC-GEM and following (Horridge, 2002, 2012b; Horridge & 

Wittwer, 2008), all regional households optimize their consumption by choosing 

commodities with a linear expenditure system derived from a Stone Gray and Klien-

Rubin utility maximization problem, subject to a budget constraint. Firstly the total 

demand of the households is divided into two (as subsistence and supernumerary) and 

the total demand of commodities is estimated. Next the domestic and imported goods 

can be estimated using a CES function. At the next level domestic products are another 

CES combination of goods produced in r regions. The regional source combination of 

commodities for households is the same as that of industry and investment demands. 

The linearized equations for percent changes in total household commodity demand 

and the equation for domestic versus imported substitution is given in Box 4.17.  
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Box 4.17: Household demand 

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); 

(all,c,COM)(all,d,DST) xhou_s(c,d) # Household demands for 

dom/imp composite #; 

E_xhou (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)]; 

Source: SLBMRC-GEM, adapted from TERM of Horridge (2002) 

 

4.4.3.5. Export Demands 

Similar to SLTMRC-GEM, and once again following (Horridge, 2002, 2012b; 

Horridge & Wittwer, 2008), the national level export demand is inversely related to 

the export price of the commodity in foreign currency. The foreign demand for exports 

can be represented by a downward sloping foreign demand curve. The regional 

composition of export commodities is a cost minimizing CES combination of region 

specific commodities. The Box 4.18 shows the GEMPACK tablo equations for percent 

changes in export demand. 

 

Box 4.18: Export demand 

Equation E_xexp (all,c,COM)(all,s,SRC)(all,d,DST) 

   xexp(c,s,d) = fqexp(c,s) - ABS[EXP_ELAST(c)] 

               * [ppur(c,s,"Exp",d) -fpexp(c,s) -phi]; 

Source: SLBMRC-GEM, adapted from TERM of Horridge (2002) 

 

4.4.3.6. Government Demands 

  Following the Australian TERM and ORANI models the government is 

simply modeled in SLBMRC-GEM. The government demand is assumed not to be 

dependent on prices but to simply vary with household demand or private 

consumption. However the three shifters (defined in the Box 4.21) are included in the 

equation to facilitate some adjustment for any region, commodity or source specific 

changes. For example, an increase in region specific demand by government can be 
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introduced as an increase in the shifter fgovt(d). The linearized percent change 

equations for government demand is given in Box 4.19. 

 

Box 4.19: Government demand 

 Variable 
(all,c,COM)(all,s,SRC)(all,d,DST) fgov(c,s,d) # Government demand 
shifter #; 
(all,c,COM)(all,d,DST)            fgov_s(c,d) # Government demand 
shifter #; 
(all,d,DST)                        fgovtot(d) # Government demand 
shifter #; 
(all,c,COM)(all,d,DST)            xgov_s(c,d) # Government demands, 
dom+imp #; 
Equation E_xgov (all,c,COM)(all,s,SRC)(all,d,DST) 
       xgov(c,s,d) =  fgovtot(d) + fgov(c,s,d) + fgov_s(c,d); 
Equation E_xgov_s (all,c,COM)(all,d,DST) 
       xgov_s(c,d) = sum{s,SRC, SRCSHR(c,s,"Gov",d)*xgov(c,s,d)}; 

Source: SLBMRC-GEM, adapted from TERM of Horridge (2002) 

 

4.4.3.7. Inventory Demands 

 The demand for inventories is simply assumed to follow the total output of 

commodities. The Box 4.20 includes the linearized GEMPACK tablo equation for 

percent changes in commodity demand for forming stocks. 

 

Box 4.20: Inventory demand 

Equation  
E_xstocks (all,i,IND)(all,d,DST) xstocks(i,d) = xtot(i,d); 

Source: SLBMRC-GEM, adapted from TERM of Horridge (2002) 

 

  

4.4.3.8. Zero Pure Profit Conditions 

Similar to SLTMRC-GEM, the SLBMRC-GEM also assumes that the cost of 

production of all economic agents is equal to their selling prices. Hence all agents have 

zero pure profit from their activity. 

 

4.4.3.9. Market-clearing conditions  

 In contrast to national level market clearing assumptions in SLTMRC-GEM, 

the SLBMRC-GEM model has some regional level market clearing assumptions. With 

existing prices, total supply is equal to total sales and stocks. The market clearing 

conditions for margin and non-margin goods can be explained separately as follows: 
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 The total regional supply of non-margin commodities is equal to the total sales 

of those commodities across regions. 

 The total supply of margin commodities is equal to the total sale of those 

commodities across regions. 

 The supply of margin commodities summed over regional origins is equal to 

sale of margin commodities summed  

 

4.4.3.10. National Level Results 

SLBMRC-GEM solves all of its linearized equations at the regional level and 

finds values for all regional level endogenous variables. National level results are 

secondarily calculated by summing up the values of the respective regional variables. 

 

4.4.3.11. Other Equations 

Similar to SLTMRC-GEM, the SLBMRC-GEM also contains a number of 

other equations relevant to numerous macro-economic variables such as price indices. 

 

4.4.3.12. Summary 

This section provides an overview of the new Sri Lankan bottom-up model 

developed in this thesis. The SLBMRC-GEM is based on the structure and method of 

the well-established Australian TERM model developed by Horridge (2002); 

(Horridge, 2012b). Most of the equations blocks of the SLBMRC-GEM are very 

similar to those of SLTMRC-GEM described in section 4.3, except for the additional 

regional dimension in most of the variables. Hence this section has not attempted to 

describe all the equations of the model rather it describes some specific core equations 

that are different to the SLTMRC-GEM.  

 

4.5. Concluding Remarks 

The purpose of this chapter is to describe the structure of the new top-down and 

bottom-up models for Sri Lanka developed in this thesis. The second section briefly 

reviews previous Sri Lankan CGE modelling attempts and justifies the need for new 

models in order to be able to answer the research questions outlined in Chapter 1. The 

top-down model developed in the third section is a starting point for the bottom-up 
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model developed in the fourth section. Further, the top-down model (SLTMRC-GEM) 

is also used for a couple of the test simulations. The first Sri Lankan bottom-up model 

developed in the fourth section of this chapter provides the key to answering the 

research questions of this thesis. A detailed description about the Sri Lankan I-O 

database used in this study, and the process of calibrating top-down and bottom-up 

models are described in Chapter 5. The calibrated SLBMRC-GEM is subsequently 

used in Chapter 7 in undertaking a set of illustrative simulations for answering the 

research questions identified in this thesis. 
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4.6. Appendices 

Appendix A4.1: Blocks of command lines (Excerpts) in SLTMRC-GEM 

Source: SLTMRC-GEM based on Horridge (2013) 

  

 Category Excerpt Line Description 
Basic 

definitions 

1 42 ! Files and sets ! 
2 57 ! Data coefficients and variables relating to basic commodity flows ! 
3 92 ! Data coefficients and variables relating to margin flows ! 
4 127 ! Data coefficients and variables relating to commodity taxes ! 
5 155 ! Data coefficients for primary-factor flows, other industry costs, and 

tariffs! 
6 193 ! Coefficients and variables for purchaser's prices (basic + margins + 

taxes) ! 
Demands 7 220 ! Occupational composition of labour demand ! 

8 244 ! Primary factor proportions ! 
9 284 ! Import/domestic composition of intermediate demands ! 

10 325 ! Top nest of industry input demands ! 
11 347 ! Output cost inclusive of production tax ! 
12 385 ! Output mix of commodities ! 
13 441 ! CET between outputs for local and export markets ! 
14 461 ! Investment demands ! 
15 504 ! Import/domestic composition of household demands ! 
16 532 ! Household demands for composite commodities ! 
17 597 ! Export demands ! 
18 645 ! Government and inventory demands ! 
19 668 ! Margin demands ! 

  20 692 ! Sales Aggregates ! 
  21 725 ! Market clearing equations ! 
  22 757 ! Purchasers prices ! 
  23 806 ! Tax rate equations ! 
  24 831 ! Update formulae for commodity taxes ! 
  25 856 ! Import prices and tariff revenue ! 
  26 869 ! Indirect tax revenue aggregates ! 
  27 901 ! Factor incomes and GDP ! 
  28 948 ! GDP expenditure aggregates ! 
  29 1039 ! Trade balance and other indices ! 
  30 1075 ! Primary factor aggregates ! 
  31 1123 ! Investment equations ! 
  32 1183 ! Labour market ! 
  33 1214 ! Miscellaneous equations ! 
  34 1233 ! Decomposition of sales change by destination ! 
  35 1252 ! Decomposition of Fan ! 
  36 1282 ! GDP decomposition ! 
  37 1404 ! Check identities: nb, we file numbers BEFORE the assertions below ! 
  38 1433 ! Summary: components of GDP from income and expenditure sides ! 
  39 1472 ! Summary: matrix of industry costs ! 
  40 1491 ! Summary: basic, margins and taxes ! 
  41 1521 ! Import shares and short-run supply elasticities ! 
  42 1572 ! Weight vectors for use in aggregation and other calculations ! 
  43 1629 !   REGIONAL EXTENSION ! 
  44 1656 ! Variables ! 
  45 1719 ! Regional data ! 
  46 1773 ! Regional coefficients ! 
  47 1819 ! Regional equations ! 
  48 1959 ! Regional reporting variables ! 
  49 2098 ! Condensation actions ! 
  50 2165 ! Sign and other checks of input data ! 
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Appendix A4.2: List of Variables in SLTMRCGEM 

 
Symbol Dimensions Description 

a1(c,s,i) cCOM  sSRC  iIND  Intermediate basic tech change 

a1_s(c,i) cCOM  iIND  Tech change, intermediate imp/dom composite 

a1cap(i) iIND  Capital-augmenting technical change 

a1lab_o(i) iIND  Labor-augmenting technical change 

a1lnd(i) iIND  Land-augmenting technical change 

a1mar(c,s,i,m) cCOM  sSRC  iIND  

mMAR 

 Intermediate margin tech change 

a1oct(i) iIND  "Other cost" ticket augmenting technical change 

a1prim(i) iIND  All factor augmenting technical change 

a1tot(i) iIND  All input augmenting technical change 

a2(c,s,i) cCOM  sSRC  iIND  Investment basic tech change 

a2_s(c,i) cCOM  iIND  Tech change, investment imp/dom composite 

a2mar(c,s,i,m) cCOM  sSRC  iIND  

mMAR 

 Investment margin tech change 

a2tot(i) iIND  Neutral technical change - investment 

a3(c,s) cCOM  sSRC  Household basic taste change 

a3_s(c) cCOM  Taste change, household imp/dom composite 

a3lux(c) cCOM  Taste change, supernumerary demands 

a3mar(c,s,m) cCOM  sSRC  mMAR  Household margin tech change 

a3sub(c) cCOM  Taste change, subsistence demands 

a4mar(c,m) cCOM  mMAR  Export margin tech change 

a5mar(c,s,m) cCOM  sSRC  mMAR  Government margin tech change 

contBOT   Contribution of BOT to real expenditure-side GDP 

contGDPexp(e) eEXPMAC  Contributions to real expenditure-side GDP 

delB   (Balance of trade)/GDP 

delPTXRATE(i) iIND  Change in rate of production tax 

delSale(c,s,d) cCOM  sSRC  dDEST  Sales aggregates 

delV0TAR(c) cCOM  Ordinary change in tariff revenue 

delV0tar_c   Aggregate tariff revenue 

delV0tax_csi   Aggregate revenue from all indirect taxes 

delV1CST(i) iIND  Change in ex-tax cost of production 

delV1PRIM(i) iIND  Ordinary change in cost of primary factors 

delV1PTX(i) iIND  Ordinary change in production tax revenue 

delV1PTX_i   Ordinary change in all-industry production tax revenue 

delV1TAX(c,s,i) cCOM  sSRC  iIND  Intermediate tax revenue 

delV1tax_csi   Aggregate revenue from indirect taxes on intermediate 

delV1TOT(i) iIND  Change in tax-increase in cost of production 

delV2TAX(c,s,i) cCOM  sSRC  iIND  Invest tax revenue 

delV2tax_csi   Aggregate revenue from indirect taxes on investment 

delV3TAX(c,s) cCOM  sSRC  Household tax revenue 

delV3tax_cs   Aggregate revenue from indirect taxes on households 

delV4TAX(c) cCOM  Export tax revenue 

delV4tax_c   Aggregate revenue from indirect taxes on export 

delV5TAX(c,s) cCOM  sSRC  Government tax revenue 

delV5tax_cs   Aggregate revenue from indirect taxes on government 

delV6(c,s) cCOM  sSRC  Value of inventories 

delx6(c,s) cCOM  sSRC  Inventories demands 

employ(i) iIND  Employment by industry 

employ_i   Aggregate employment: wage bill weights 

f0tax_s(c) cCOM  General sales tax shifter 

f1lab(i,o) iIND  oOCC  Wage shift variable 

f1lab_i(o) oOCC  Occupation-specific wage shifter 

f1lab_io   Overall wage shifter 

f1lab_o(i) iIND  Industry-specific wage shifter 

.../continued 



 

129 

 

Appendix A4.2: List of Variables in SLTMRC-GEM (continued) 

Symbol Dimensions Description 

f1oct(i) iIND  Shift in price of "other cost" tickets 

f1tax_csi   Uniform % change in powers of taxes on intermediate usage 

f2tax_csi   Uniform % change in powers of taxes on investment 

f2tot   Ratio, investment/consumption 

f3tax_cs   Uniform % change in powers of taxes on household usage 

f3tot   Ratio, consumption/ GDP 

f4p(c) cCOM  Price (upward) shift in export demand schedule 

f4p_ntrad   Upward demand shift, Collective export aggregate 

f4q(c) cCOM  Quantity (right) shift in export demands 

f4q_ntrad   Right demand shift, Collective export aggregate 

f4tax_ntrad   Uniform % change in powers of taxes on nontradtnl exports 

f4tax_trad   Uniform % change in powers of taxes on tradtnl exports 

f5(c,s) cCOM  sSRC  Government demand shift 

f5tax_cs   Uniform % change in powers of taxes on government usage 

f5tot   Overall shift term for government demands 

f5tot2   Ratio between f5tot and x3tot 

fandecomp(c,f) cCOM  fFANCAT  Fan decomposition 

finv1(i) iIND  Shifter to enforce DPSV investment rule 

finv2(i) iIND  Shifter for "exogenous" investment rule 

finv3(i) iIND  Shifter for long run investment rule 

fx6(c,s) cCOM  sSRC  Shifter on rule for stocks 

ggro(i) iIND  Gross growth rate of capital = Investment/capital 

gret(i) iIND  Gross rate of return = Rental/[Price of new capital] 

invslack   Investment slack variable for exogenising aggregate investment 

p0(c,s) cCOM  sSRC  Basic prices for local users 

p0cif_c   Imports price index, C.I.F., local currency 

p0com(c) cCOM  Output price of locally-produced commodity 

p0dom(c) cCOM  Basic price of domestic goods = p0(c,"dom") 

p0gdpexp   GDP price index, expenditure side 

p0gne   GNE price index 

p0imp(c) cCOM  Basic price of imported goods = p0(c,"imp") 

p0imp_c   Duty-paid imports price index, local currency 

p0realdev   Real devaluation 

p0toft   Terms of trade 

p1(c,s,i) cCOM  sSRC  iIND  Purchaser's price, intermediate 

p1_s(c,i) cCOM  iIND  Price, intermediate imp/dom composite 

p1cap(i) iIND  Rental price of capital 

p1cap_i   Average capital rental 

p1cst(i) iIND  Index of production costs (for AnalyseGE) 

p1lab(i,o) iIND  oOCC  Wages by industry and occupation 

p1lab_io   Average nominal wage 

p1lab_o(i) iIND  Price to each industry of labour composite 

p1lnd(i) iIND  Rental price of land 

p1lnd_i   Average land rental 

p1mat(i) iIND  Intermediate cost price index 

p1oct(i) iIND  Price of "other cost" tickets 

p1prim(i) iIND  Effective price of primary factor composite 

p1tot(i) iIND  Average input/output price 

p1var(i) iIND  Short-run variable cost price index 

p2(c,s,i) cCOM  sSRC  iIND  Purchaser's price, investment 

p2_s(c,i) cCOM  iIND  Price, investment imp/dom composite 

p2tot(i) iIND  Cost of unit of capital 

p2tot_i   Aggregate investment price index 

p3(c,s) cCOM  sSRC  Purchaser's price, household 

p3_s(c) cCOM  Price, household imp/dom composite 

.../continued 
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Appendix A4.2: List of Variables in SLTMRC-GEM (continued) 

Symbol Dimensions Description 

p3tot   Consumer price index 

p4(c) cCOM  Purchaser's price, exports,loc$ 

p4_ntrad   Price, Collective export aggregate 

p4tot   Exports price index, local currency 

p5(c,s) cCOM  sSRC  Purchaser's price, government 

p5tot   Government price index 

p6tot   Inventories price index 

pe(c) cCOM  Basic price of exportables 

pf0cif(c) cCOM  C.I.F. foreign currency import prices 

pq1(c,i) cCOM  iIND  Price of output by commodity and industry 

phi   Exchange rate, local currency/$world 

q   Number of households 

q1(c,i) cCOM  iIND  Output by commodity and industry 

realwage   Average real wage 

SalesDecomp(c,d) cCOM  dDESTPLUS  Sales decomposition 

t0imp(c) cCOM  Power of tariff 

t1(c,s,i) cCOM  sSRC  iIND  Power of tax on intermediate 

t2(c,s,i) cCOM  sSRC  iIND  Power of tax on investment 

t3(c,s) cCOM  sSRC  Power of tax on household 

t4(c) cCOM  Power of tax on export 

t5(c,s) cCOM  sSRC  Power of tax on government 

utility   Utility per household 

w0cif_c   C.I.F. local currency value of imports 

w0gdpexp   Nominal GDP from expenditure side 

w0gdpinc   Nominal GDP from income side 

w0gne   Nominal GNE 

w0imp_c   Value of imports plus duty 

w0tax_csi   Aggregate revenue from all indirect taxes 

w1cap_i   Aggregate payments to capital 

w1lab_io   Aggregate payments to labour 

w1lnd_i   Aggregate payments to land 

w1oct_i   Aggregate "other cost" ticket payments 

w2tot_i   Aggregate nominal investment 

w3lux   Total nominal supernumerary household expenditure 

w3tot   Nominal total household consumption 

w4tot   Local currency border value of exports 

w5tot   Aggregate nominal value of government demands 

w6tot   Aggregate nominal value of inventories 

x0cif_c   Import volume index, C.I.F. weights 

x0com(c) cCOM  Output of commodities 

x0dom(c) cCOM  Output of commodities for local market 

x0gdpexp   Real GDP from expenditure side 

x0gdpinc   Real GDP from income side 

x0gne   Real GNE 

x0imp(c) cCOM  Total supplies of imported goods 

x0imp_c   Import volume index, duty-paid weights 

x0loc(c) cCOM  Real percent change in LOCSALES (dom+imp) 

x1(c,s,i) cCOM  sSRC  iIND  Intermediate basic demands 

x1_s(c,i) cCOM  iIND  Intermediate use of imp/dom composite 

x1cap(i) iIND  Current capital stock 

x1cap_i   Aggregate capital stock, rental weights 

x1lab(i,o) iIND  oOCC  Employment by industry and occupation 

x1lab_i(o) oOCC  Employment by occupation 

x1lab_o(i) iIND  Effective labour input 

.../continued 
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Appendix A4.2: List of Variables in SLTMRC-GEM (continued) 

Symbol Dimensions Description 

x1lnd(i) iIND  Use of land 

x1lnd_i   Aggregate land stock, rental weights 

x1mar(c,s,i,m) cCOM sSRC iIND mMAR  Intermediate margin demand 

x1oct(i) iIND  Demand for "other cost" tickets 

x1prim(i) iIND  Primary factor composite 

x1prim_i   Aggregate output: value-added weights 

x1tot(i) iIND  Activity level or value-added 

x2(c,s,i) cCOM  sSRC  iIND  Investment basic demands 

x2_s(c,i) cCOM  iIND  Investment use of imp/dom composite 

x2mar(c,s,i,m) cCOM  sSRC  iIND  

mMAR 

 Investment margin demands 

x2tot(i) iIND  Investment by using industry 

x2tot_i   Aggregate real investment expenditure 

x3(c,s) cCOM  sSRC  Household basic demands 

x3_s(c) cCOM  Household use of imp/dom composite 

x3lux(c) cCOM  Household - supernumerary demands 

x3mar(c,s,m) cCOM  sSRC  mMAR  Household margin demands 

x3sub(c) cCOM  Household - subsistence demands 

x3tot   Real household consumption 

x4(c) cCOM  Export basic demands 

x4_ntrad   Quantity, Collective export aggregate 

x4mar(c,m) cCOM  mMAR  Export margin demands 

x4tot   Export volume index 

x5(c,s) cCOM  sSRC  Government basic demands 

x5mar(c,s,m) cCOM  sSRC  mMAR  Government margin demands 

x5tot   Aggregate real government demands 

x6tot   Aggregate real inventories 

 

List of Regional Variables 

Symbol Dimensions Description 

delregx6(c,s,r) cCOM  sSRC  rREG  Inventories demand 

ffreg1(i) iIND  Complement of rsum1 

ffreg2(i) iIND  Complement of rsum2 

ffreg3(c) cCOM  Complement of rsum3 

ffreg4(c) cCOM  Complement of rsum4 

ffreg5(c) cCOM  Complement of rsum5 

ffreg6(c) cCOM  Complement of rsum6 

freg1(i,r) iIND  rREG  Regional share shifter 

freg2(i,r) iIND  rREG  Regional share shifter 

freg3(c,r) cCOM  rREG  Regional share shifter 

freg4(c,r) cCOM  rREG  Regional share shifter 

freg5(c,r) cCOM  rREG  Regional share shifter 

freg6(c,r) cCOM  rREG  Regional share shifter 

regadvantage(i,r) iIND  rREG  Regional advantage decomposition 

regemploy(i,r) iIND  rREG  Employment by region and industry 

regemploy_i(r) rREG  Aggregate regional employment 

regemploycon(i,r) iIND  rREG  Contributions to regional employment 

regw1lab_io(r) rREG  Wage bills by region 

regx0(c,r) cLOCCOM  rREG  Regional usage of local commodities 

regx1(c,s,i,r) cCOM  sSRC  iIND  

rREG 

 Regional demands for intermediate inputs 
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regx1mar(c,s,i,m,r) cCOM  sSRC  iIND  

mMAR  rREG 

 Margins - production 

regx1prim_i(r) rREG  Gross region products 

 

regx1primcon(i,r) 

 

iIND  rREG 

  

Contributions to regional gdp 

   

regx1tot(i,r) iIND  rREG  Output of regional industries 

regx2(c,s,i,r) cCOM  sSRC  iIND  

rREG 

 Regional demands for inputs for investment 

regx2mar(c,s,i,m,r) cCOM  sSRC  iIND  

mMAR  rREG 

 Margins - capital creation 

regx3(c,s,r) cCOM  sSRC  rREG  Household demand for goods 

regx3mar(c,s,m,r) cCOM  sSRC  mMAR  

rREG 

 Margins – households 

regx4(c,r) cCOM  rREG  Exports by region 

regx4mar(c,m,r) cCOM  mMAR  rREG  Margins – exports 

regx5(c,s,r) cCOM  sSRC  rREG  Demands for inputs for "Other" demands 

regx5mar(c,s,m,r) cCOM  sSRC  mMAR  

rREG 

 Margins - "Other" 

rgshr1(i,r) iIND  rREG  Region share in national output 

rgshr2(i,r) iIND  rREG  Region share in national investment 

rgshr3(c,r) cCOM  rREG  Region share in national consumption 

rgshr4(c,r) cCOM  rREG  Region share in national exports 

rgshr5(c,r) cCOM  rREG  Region share in national government usage 

rgshr6(c,r) cCOM  rREG  Region share in national stocks 

rsum1(i) iIND  Add up term - should be zero 

rsum2(i) iIND  Add up term - should be zero 

rsum3(c) cCOM  Add up term - should be zero 

rsum4(c) cCOM  Add up term - should be zero 

rsum5(c) cCOM  Add up term - should be zero 

rsum6(c) cCOM  Add up term - should be zero 

Source: Horridge (2013) 
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Appendix A4.6: Blocks of command lines (Excerpts) in SLBMRC-GEM 

Excerpt Description 

1 ! Files and sets ! 

2 ! Values from flows data file ! 

3 ! Variables used to update flows ! 

4 ! Update of flows ! 

5 ! Basic prices: pbasic is alias of pdom and pimp ! 

6 ! Purchasers prices and imp/dom shares ! 

7 ! Dom/imp substitution by industries, households and capital creators ! 

8 ! Intermediate demands ! 

9 ! Occupational composition of labour demand ! 

10 ! Factor demands ! 

11 ! Output prices ! 

12 ! Household demands for imp/dom composite commodities ! 

13 ! Investment demands and indices: conditional on industry-specific investment ! 

14 ! Industry-specific investment demands ! 

15 ! Government, export, and inventory demands ! 

16 ! Add up user demands to get total regional demand for delivered goods ! 

17 ! Delivering goods to regions ! 

18 ! For each good and destination region, an average user chooses region sourcing! 

19 ! where margins are produced ! 

20 ! MAKE: multi-product industries have CET specification ! 

21 ! Total demand for commodity c produced in r = supply commodity c produced in r! 

22 ! Aggregate final demand price and quantity indices ! 

23 ! Sectoral contributions to regional GDP at factor cost ! 

24 ! Commodity tax revenues ! 

25 ! Primary Factor Aggregates ! 

26 ! Nominal Income-side GDP ! 

27 ! Principal components of real and nominal expenditure side GDP ! 

28 ! Regional macro reporting variables ! 

29 ! Aggregation of regional macro variables to national macro variables ! 

30 ! Aggregation of regional to national industry output -- value added weights ! 

31 ! National price and employment variables ! 

32 ! Contributions of endowments, tech change and tax to national real GDP ! 

33 ! Miscellaneous equations ! 

34 ! Exports to ROW by region of production ! 

35 ! Check of accounting identities ! 

36 ! Variables for reporting purposes: attack problem of % change in nothing ! 

Source: SLBMRC-GEM adapted from (Horridge, 2002, 2012b) 
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Appendix A4.6: Variables in SLBMRC-GEM 

Variable Size Name 

Macros  Scalar variables (just one element) 

acap IND*DST Capital-augmenting technical change 

ahou_s COM*DST Taste change, household imp/dom composite 

aint_s COM*IND*DST Intermediate tech change 

alab_o IND*DST Labour-augmenting technical change 

alnd IND*DST Land-augmenting technical change 

alux COM*DST Taste change, supernumerary demands 

aprim IND*DST Primary-factor-augmenting tech change 

asub COM*DST Taste change, subsistence demands 

atot IND*DST All-input-augmenting technical change 

atradmar_cs MAR*ORG*DST Tech change: margin m on goods going from r to d 

averealwage DST Average real wage 

avewage DST Average nominal wage 

bint_scd IND Driver: intermediate tech change 

contCPI COM*DST Contributions by commodity to % regional CPI 

contincagg DST*CONTINC Combined contribution terms to real income gdp 

continccom COM*SRC*DST COMTAX contribution terms to real income gdp 

contincind IND*DST*CONTINC Industry contribution terms to real income gdp 

contincind_d IND*CONTINC Industry contribution terms to real income gdp 

contMainMacro MAINMACROS*REG Regional contributions to national macro results 

contnatxtot IND*DST Regional contributions to national industry output 

contxgdpexp GDPEXPCAT*REG Contributions to % regional real GDP expenditure 

contxgdpfac IND*DST Sector contributions to regional GDP at factor cost 

delGDPINC DST*GDPINCCAT Ordinary change in nominal income GDP component 

delPGDPEXP DST*GDPEXPCAT Ordinary change in price expenditure GDP component 

delPRIM IND*DST Ordinary change in cost of primary factors 

delPTX IND*DST Ordinary change in production tax revenue 

delPTXRATE IND*DST Change in rate of production tax 

delTAXexp COM*SRC*DST Ordinary change in export commodity tax revenue 

delTAXgov COM*SRC*DST Ordinary change in government commodity tax revenue 

delTAXhou COM*SRC*DST Ordinary change in household commodity tax revenue 

delTAXinv COM*SRC*DST Ordinary change in investment commodity tax revenue 

delXGDPEXP DST*GDPEXPCAT Ordinary change in quantity expenditure GDP component 

fgov COM*SRC*DST Government demand shifter 

fgov_s COM*DST Government demand shifter 

fgovtot DST Government demand shifter 

fgovtot2 DST Government demand shifter 

fhou DST Regional propensity to consume from labour income 

finv1 IND*DST Investment shift variable 

flab IND*OCC*DST Wage shifter 

flab_io DST Wage shifter 

flabsup DST Labour migration shifter 

fpexp COM*SRC Export price shift variable 

fqexp COM*SRC Export quantity shift variable 

ggro IND*DST Gross growth rate of capital = Investment/capital 

gret IND*DST Gross rate of return = Rental/[Price of new capital] 
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MainMacro MAINMACROS*REG Convenient macros for reporting 

natemploy IND National employment average 

NatMacro MAINMACROS National macros for reporting 

natptot IND National output price average 

natxtot IND National industry output -- value added weights 

nhou DST Number of households 

pbasic COM*SRC*ORG Basic prices 

pcap IND*DST Rental price of capital 

pcapSHO IND*DST Rental price of capital 

pcst IND*DST Ex-tax cost of production 

pdom COM*ORG Output prices = basic prices of domestic goods 

pfimp COM*ORG Import prices, foreign currency 

pfin FINDEM*DST Final user price indices 

pgdpexp DST Price index expenditure GDP 

phou COM*DST Household price of composites 

phoutot DST CPI 

pimp COM*ORG Import prices, local currency 

pimplanded ORG Price index, imports landed in d 

pimpused DST Price index, imports used in d 

pint IND*DST Intermediate effective price indices 

pinvest COM*DST Purchasers price of good c for investment in d 

pinvitot IND*DST Investment price index by industry 

plab IND*OCC*DST Wage rates 

plab_o IND*DST Price of labour composite 

plnd IND*DST Rental price of land 

pmake COM*IND*REG Price received by industries 

pprim IND*DST Effective price of primary factor composite 

ppur_s COM*USR*DST User prices, average over s 

psuppmar_p MAR*ORG*DST Price of composite margin m on goods from r to d 

ptot IND*DST Industry output prices 

puse COM*SRC*DST Delivered price of regional composite good c,s to d 

pvar IND*DST Short run variable cost of production 

totdem COM*SRC*ORG Total direct demands for goods produced(dom) or landed(imp) 

wcap_i DST Total rentals to capital 

wfin FINDEM*DST Final user expenditures 

wgdpdiff DST SHOULD=0: nominal (income - expend) GDP 

wgdpexp DST Nominal expenditure GDP 

wgdpinc DST Nominal income GDP 

whoutot DST Total nominal household consumption 

wlab_i OCC*DST Total wage bill 

wlab_io DST Total wage bill 

wlnd_i DST Total rentals to land 

wlux DST Total nominal supernumerary household expenditure 

xcap IND*DST Capital usage 

xcap_i DST Aggregate capital, rental-weighted 

xcapSHO IND*DST Capital usage 

xcom COM*DST Total output of commodities 

xdomexp COM*REG Amount good c made in r sent to other domestic regions (non 

xdomexp_c REG Amount goods made in r sent to other domestic regions (no 



 

136 

 

xdomimp COM*REG Amount domestic good c used in d made in other domestic reg 

xdomimp_c REG Amount domestic goods used in d made in other domestic re 

xdomloc COM*REG Amount good c made in r and used in r 

xexp COM*SRC*DST Export of all-region composite leaving port at d 

xexpSHO COM*DST Export demands for domestic all-region composite leaving po 

xfin FINDEM*DST Final user quantity indices 

xgdpexp DST Real expenditure GDP 

xgdpfac DST Regional GDP at factor cost (% change) 

xgov COM*SRC*DST Government demands for all-region composite 

xhou COM*SRC*DST Household demands for all-region composite 

xhou_s COM*DST Household demands for dom/imp composite 

xhoutot DST Total real household consumption 

ximplanded ORG Volume of imports landed in d 

ximpused DST Volume of imports used in d 

xint_s COM*IND*DST Industry demands for dom/imp composite 

xinv COM*SRC*DST Investment demands for all-region composite 

xinv_s COM*DST Investment demands for dom/imp composite 

xinvi COM*IND*DST Amount of good c for investment, industry i in d 

xinvitot IND*DST Investment by industry 

xinvitotSHO IND*DST Investment by industry 

xlab IND*OCC*DST Labour demands 

xlab_i OCC*DST Aggregate labour, wage-weighted 

xlab_io DST Aggregate labour, wage-weighted 

xlab_o IND*DST Effective labour input 

xlab_oSHO IND*DST Effective labour input 

xlnd IND*DST Land usage 

xlnd_i DST Aggregate land, rental-weighted 

xlux COM*DST Household - supernumerary demands 

xmake COM*IND*REG Output of good c by industry i in d 

xprim IND*DST Primary factor composite 

xrowdem COM*ORG*DST Eventually exported goods 

xrowdem_d COM*ORG Eventually exported goods made in r 

xstocks IND*DST Inventories 

xsub COM*DST Household - subsistence demands 

xsuppmar_d MAR*ORG*PRD Total margins on goods from r, produced in p 

xsuppmar_p MAR*ORG*DST Quantity of composite margin m on goods from r to d 

xsuppmar_rd MAR*PRD Total demand for margins produced in p 

xtot IND*DST Industry outputs 

xtrad_r COM*SRC*DST Total demand for regional composite c,s in d 

Source: SLBMRC-GEM based on Horridge (2002) 
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 Chapter 5: The Sri Lankan Database 

5.1. Introduction 

The purpose of this chapter is to describe the database used in the 

implementation of SLTMRC-GEM and SLBMRC-GEM as described in the previous 

chapter. The data requirements of the two models are enormous and data assembling 

is time consuming. The quality of any subsequent analysis using the resultant models 

is hugely dependent on the structure and quality of the underlying database. Three 

main categories of data are required to implement the two models developed in the 

previous chapter. Firstly, it is necessary to have high quality I-O data to compute the 

base year sales, costs, revenue, trade shares, etc. Secondly various elasticity estimates 

are required in addition to the I-O data. Finally, extra data are required to calculate 

different policy shocks when using the models for policy analyses. In this chapter, the 

main focus is on the construction and assembling of the first category of data. The 

second category of data will also be discussed briefly in the latter part of the chapter. 

The data requirements for the third category, that is the data underlying our policy 

simulations, will be discussed in Chapter 6.   

 

As discussed in section 4.1, the I-O database has to be reorganized into a CGE 

model data structure during the process of calibration. An extension of a national CGE 

model into a top-down multiregional model requires some externally calculated data. 

A bottom-up model should ideally start with a set of balanced regional I-O tables that 

in turn add up to a balanced national I-O table. Considering the scarcity of balanced 

sets of regional level I-O tables for many nations, the TERM modelling technique has 

developed a short-cut method for creating a set of balanced regional I-O tables starting 

from a national level database and some externally provided regional shares. An 

interregional trade matrix is one of the other crucial components needed for 

operationalisation of a bottom-up multiregional CGE model. Since such trade matrices 

are also scarce for many nations, the TERM modelling technique suggests a short-cut 

method for creating the required inter-regional trade matrix using mathematical 

techniques based on the fluid algorithm and some distance parameters (Horridge, 

2002). 
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The rest of this chapter is structured as follows. The next section briefly 

describes the general structure of an I-O database and supply-use tables. The third 

section summarizes previous Sri Lankan attempts to create I-O tables. It is followed 

by an outline of the procedure used in developing an I-O database for the current study. 

The fourth section describes the method of converting an I-O database into a CGE 

model database. The fifth section explains the method of extending the national 

database into a top-down multiregional model database. The sixth section summarizes 

the steps of creating a bottom-up multiregional database from a working national 

model database. The final section describes elasticities and other parameters used in 

both our top-down and bottom-up multiregional models. 

 

5.2. Structure of an I-O Database 

The concept of the input-output table was pioneered by Leontief (1937). An I-O 

table presents all the inter-industry transactions taking place in an economy in a matrix 

format. While the columns of the matrix represent industries, rows stand for the 

commodities produced by the industries. Entries in a column represent the cost of 

production for a particular industry, while the rows of the matrix represent the sales 

structure of a particular commodity. A symmetric I-O table contains the number of 

rows and columns so that each column has a corresponding row, such that the 

industries produce only one commodity. 

 

Figure 5.1 illustrates the basic structure of an I-O table. It has four quadrants. 

The first quadrant, which is the core of the table, presents the inter-industry 

transactions. Columns of this quadrant comprise industries, and rows refer to 

commodities. The second quadrant shows the final demand for commodities produced 

by the industries. Columns of this quadrant include final demanders of the economy. 

The third quadrant records the demand for primary inputs (or factors of production) by 

the producing industries. Rows of this quadrant represent different primary factors 

used in the production process – land, labour, capital, etc. The fourth quadrant includes 

the use of primary factors by final demanders. 

 

The United Nation’s statistical agency and many other international and national 

statistical agencies highlight the importance of maintaining input-output accounts for 
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a country as a part of the national accounting system (Eurostat, 2008; United Nations, 

1999). A standard sector classification by all different authors and countries is key in 

maintaining consistency and also in international comparisons and the analysis of 

inter-country transactions. Concerning this importance the United Nations 

recommends that countries follow the International Standard of Industry Classification 

(ISIC) and the Central Product Classification (CPC) nomenclature in classifying their 

industries and commodities respectively (McDougall & Dimaranan, 2002; Miller & 

Blair, 2009).  

 

Figure 5.1: Basic structure of an I-O table 
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The construction of a balanced I-O table usually starts with a Supply-Use Table 

(SUT). The SUT is also a kind of I-O table; however, in the SUT system, supply and 

demand are given in two different segments. While the supply table segment produces 

a summary of all the goods produced within the economy in basic prices, the use table 

segment provides a record of use of all different commodities by final and intermediate 
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users at purchaser prices. Usually the supply table segment includes domestic supply 

while the corresponding use table segment includes both imported and domestic 

commodities (Eurostat, 2008). Figure 5.2 depicts the basic difference between the 

structure of Supply-Use and I-O tables. 

 

Though the first quadrant of a standard I-O table is a square matrix, in a supply-

use table it can be a rectangle with higher number of products (or commodities) than 

industries. When the SUT segment is converted to a symmetric I-O table, the multi-

products of each industry have to be summed up in to a single product (or commodity). 

According to the assumptions used in this process, there are four different types of 

symmetric I-O tables as follows: 

1. Product-Product 

2. Product-Industry 

3. Industry-Product 

4. Industry-Industry. 

 

However, the input-output tables included in National Accounts and used in CGE 

models are mostly of type 4. 

 

Figure 5.2: The structure of SUT vs I-O table 
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5.3. The Sri Lankan I-O Database for Current Study 

A well-structured I-O database that identifies regionally important sectors is a 

pre-requisite for a regional level policy simulation. The structure of previously 

published I-O tables and SAMs are not satisfactory for this research, as discussed in 

Section 4.2. Further these published tables are outdated in terms of their base years. 

Hence this study was initiated with a plan to develop a new I-O database based on an 

unpublished Sri Lankan supply-use table for year 2006 which also had some 

limitations described further below (Wijerathna, 2012b). An Asian Development Bank 

(ADB) funded initiative from the Planning Ministry of Sri Lanka to improve the 

available supply-use tables into a disaggregated I-O table, which was implemented in 

early 2013 with the involvement of Griffith University (Current author and one of his 

PhD supervisors – Jayatilleke Bandara), reduced the burden for the author in this step. 

On the other hand, the author’s input in this exercise from his acquired knowledge on 

the subject was instrumental in developing a disaggregated national level I-O table for 

Sri Lanka by using a supply-use table for the first time.  

 

An unpublished 64 sector input-output table produced by the Department of 

Census and Statistics (DCS) in Sri Lanka as a result of this ADB funded initiative 

referred to above was used for this study. The construction of above 64 sector I-O table 

started with an unpublished SUT for Sri Lanka for the year 2006 which was compiled 

by the DCS, also under the guidance and financial support of the ADB. The original 

SUT had 32 industries and 51 products. An aggregated version of the same table has 

been published by the ADB (2012b). However, some shortcomings of the above table 

were identified by the current author. Since the original sector classification of this 

table was not satisfactory for national or regional level analysis, the author suggested 

to expand the number of sectors to 80. But given the limitations in data compiled by 

the DCS the number of sectors in the final I-O table had to be restricted to the 64 

sectors given in Table 5.1. Those sectors are classified according to the ISIC and CPC 

guidelines (United Nations, 2002; Unstats, 2002, 2007, 2013). 
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Table 5.1: Sectors in Sri Lankan I-O database for year 2006 

 
No. Sector ( Industry/ Product)  No. Sector ( Industry/ Product) 

1 Paddy  33 Rubber Products 

2 Maize  34 Plastics Products 

3 Other Cereals  35 Non-metallic Mineral Products not 

elsewhere classified (n.e.c.) 

4 Potatoes  36 Basic metals 

5 Other Vegetables  37 Fabricated Metal Products 

6 Coconut   38 General-purpose Machinery 

7 Tea Leaves  39 Special-purpose Machinery 

8 Rubber (natural)  40 Computers 

9 Fruits (fresh)  41 Electrical Machinery and Apparatus 

10 Other Beverages and Spice   42 Electronic Equipment 

11 Live Animal (for meat and draft )  43 Medical ,Optical, Photographic Equip. 

12 Other Agriculture and Hunting   44 Transport Equipment 

13 Logs (timber)  45 Furniture 

14 Firewood (in logs and billets)  46 Other Transportable Goods 

15 Fish (inland and marine)  47 Recycling Waste and Scrap 

16 Mining and Quarrying  48 Electricity 

17 Meat and processed Fish, Fruit 

& Vegetables  
 49 Water (for domestic/ industry) 

18 Dairy Products  50 Construction Service 

19 Grain mill products  51 Trade and Repair Work 

20 Other food products  52 Hotels and Restaurants 

21 Beverages  53 Land Transport 

22 Tobacco Products  54 Water Transport 

23 Textile Fabrics   55 Air Transport 

24 Other Textiles (other than 

apparel) 
 56 Supporting and Auxiliary Transport  

25 Knitted and Crocheted Fabrics   57 Post and Telecommunications 

26 Wearing apparel, except fur   58 Financial Intermediation 

27 Leather Products and Footwear  59 Insurance and Pension Funding 

28 Wood Products  60 Real Estate Activities 

29 Paper Printed Matter and Related 

Articles 
 61 Public Administration and Defence 

30 Refined Petroleum Products  62 Education 

31 Basic Chemicals  63 Health and Social Services 

32 Other Chemical Products  64 Other Services 

Source: DCS (2013) 

 

The conversion process of an SUT into an I-O table requires a matrix of margins, 

taxes and imports. The main constraint faced by the DCS in producing an I-O table 

was the lack of these matrices. This constraint was overcome by mathematically 

estimating those matrices with the available rows of data for taxes, margins and 

imports utilizing the Griffith University input described above. Next the 64 X 64 Sri 
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Lankan SUT was transferred to a 64 X 64 symmetric I-O table according to the four 

types listed in section 5.1. 

 

During the preparation of the I-O data base for the two models described in this 

thesis, the sectors and entries in some core sectors were reclassified or modified. A 

number of shortcomings in three sectors of the original I-O table database prepared by 

the DCS were identified and the industries/commodities associated with the 

problematic sectors were reclassified as follows.  

 

Rice and wheat are two important commodities in the Sri Lankan consumer 

basket. Almost all the domestic rice is produced by milling domestically produced 

paddy. Paddy mills of different scales are located in almost all the regions of the 

country. Even though wheat is a popular consumer item, Sri Lanka does not produce 

any wheat. Nearly 90% of the wheat consumed in the country is produced by locally 

grinding imported wheat seeds. While the major wheat mill located in the Eastern 

Province produced about 75% of the total domestic flour supply, another wheat mill 

in the Western Province produces about 25% of the supply (Walisinghe et al, 2011). 

Considering the importance and scale of wheat and rice milling activities, several 

previous I-O and SAM authors such as (Pyatt & Roe, 1978) have also included two 

sectors to represent those two industries. But in the recently developed Sri Lankan I-

O table there is only one sector labelled as milling. The milling sector also includes 

the milling of some other grains (such as kurakkan) and the milling of some spices. 

Considering some externally sources data and information such as (CBSL, 2006), the 

grain milling sector was disaggregated into two sectors as rice milling and other 

milling since that classification is desirable in the subsequent simulations included in 

this thesis. Though the separation of wheat from other milling is also desirable, it was 

not attempted due to limitations of the available information. Secondly, the separation 

of the nationally important ‘Tea Processing’ sector from other food products and 

beverages was also deemed necessary. Tea is one of the important plantation crops in 

Sri Lanka, and processed tea is one of the major agricultural exports of the country. 

Though the production of tea leaves and processing of tea is taking place in the same 

regions, it is more appropriate to classify them in two sectors. While the production of 

tea leaves is an agricultural activity, the processing of tea is an industrial activity. In 

the ISIC industry classification these two industries are classified as two industries and 
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some of the previous Sri Lankan authors such as (Amarasinghe & Bandara, 2005) also 

identified those industries as two separate industries. Though the tea growing (tea 

leaves production) is a separate sector in the 2006 Sri Lankan I-O table, the income 

and expenditure values of the tea processing industry have been mixed up within Other 

Food Products and Beverages. Hence those two sectors were firstly combined and then 

the tea processing was separated as a new sector based on some externally sources data 

such as (CBSL, 2006). Figure 5.3 further explains the reclassified sectors.   

 

Figure 5.3: Amendments made in the sector classification 

 

Source: Author 

 

Though the further splitting of wheat flour from other milling is also desirable, 

that was not possible due to lack of availability of relevant data. After the 

reclassification and modification of the original I-O database using the above 

procedure, a modified I-O database for the year 2006 was derived with 65 sectors (15 

agricultural, 36 industrial and 14 service sectors) classified based on the ISIC 

(International Standard Industrial Classification) naming convention. Table 5.2 shows 

the sectors in the Sri Lankan database and their relative contribution to the economy 

in base year.  
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Table 5.2: Sectors in Sri Lankan database and their relative importance to the 

economy 

  Sector Share in 

GDP 

Cumulative 

share 

1 Trade and Repair Work 16.32% 16.32% 

2 Land Transport 10.56% 26.88% 

3 Construction Service 8.24% 35.11% 

4 Financial Intermediation 8.21% 43.33% 

5 Public Administration and Defence 7.43% 50.76% 

6 Real Estate Activities 3.57% 54.33% 

7 Wearing apparel, except fur  3.19% 57.51% 

8 Meat and processed Fish, Fruit & Vegetables  2.80% 60.31% 

9 Other Vegetables 2.66% 62.97% 

10 Other food products Beverages 2.49% 65.46% 

11 Electricity 2.48% 67.93% 

12 Education 2.14% 70.07% 

13 Refined Petroleum Products 2.09% 72.16% 

14 Mining and Quarrying 1.71% 73.88% 

15 Paddy 1.42% 75.29% 

16 Fish (inland and marine) 1.34% 76.63% 

17 Tea Leaves 1.27% 77.90% 

18 Other Services 1.24% 79.15% 

19 Live Animal (for meat and draft ) 1.12% 80.27% 

20 Electrical Machinery and Apparatus 1.12% 81.39% 

21 Coconut  1.10% 82.49% 

22 Post and Telecommunications 1.07% 83.56% 

23 Other Transportable Goods 1.06% 84.62% 

24 Other Chemical Products 1.02% 85.64% 

25 Tobacco Products 0.94% 86.58% 

26 Dairy Products 0.92% 87.50% 

27 Non-metallic Mineral Products n.e.c. 0.91% 88.41% 

28 Other Agriculture and Hunting  0.88% 89.28% 

29 Tea  0.78% 90.07% 

30 Supporting and Auxiliary Transport  0.78% 90.85% 

31 Processes Rice 0.74% 91.59% 

32 Health and Social Services 0.71% 92.30% 

33 Water Transport 0.70% 93.00% 

34 Air Transport 0.68% 93.69% 

35 Insurance and Pension Funding 0.68% 94.36% 

36 Rubber (natural) 0.66% 95.02% 

37 Other Cereals 0.58% 95.61% 

38 Hotels and Restaurants 0.54% 96.15% 

39 Firewood (in logs and billets) 0.54% 96.69% 

40 Basic Chemicals 0.46% 97.15% 

41 Knitted and Crocheted Fabrics  0.36% 97.51% 

42 Rubber Products 0.35% 97.86% 

43 Other Beverages and Spice  0.35% 98.21% 

44 Plastics Products 0.26% 98.46% 

45 Textile Fabrics  0.20% 98.66% 

46 Water (for domestic/ industry) 0.15% 98.81% 

47 Logs (timber) 0.13% 98.94% 

48 Furniture 0.12% 99.06% 

49 Potatoes 0.11% 99.17% 

50 Other milled products 0.10% 99.27% 

51 Wood Products 0.10% 99.37% 

52 Paper Printed Matter and Related Articles 0.09% 99.46% 

53 Recycling Waste and Scrap 0.08% 99.54% 

54 Computers 0.08% 99.62% 
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55 Leather Products and Footwear 0.07% 99.69% 

56 Other Textiles (0ther than apparel) 0.07% 99.76% 

57 Fruits (fresh) 0.06% 99.82% 

58 Fabricated Metal Products 0.06% 99.87% 

59 Maize 0.04% 99.91% 

60 Basic metals 0.03% 99.94% 

61 Transport Equipment 0.03% 99.97% 

62 Electronic Equipment 0.01% 99.98% 

63 Medical ,Optical, Photographic Equip. 0.01% 99.99% 

64 Special-purpose Machinery 0.00% 100.00% 

65 General-purpose Machinery 0.00% 100.00% 

Source: Authors calculation based on the model database 

 

5.4.  Restructuring of the I-O Database into a CGE Model Database 

The development of an ORANI type national CGE model begins with an 

identification of six different demanders or users in the economy. As depicted in the 

columns of Figure 4.1 (in chapter four) we need to identify demand of commodities 

by producers, investors, households, exporters, government and also for the changes 

in inventories separately. The industries in an I-O table are the producers. Household 

consumption demand, export demand, government consumption demand and changes 

in inventory demand can be identified from the final demand columns of the I-O 

database. The single column of investment demand in the I-O database has to be 

expanded into a matrix within the CGE model database. All the production industries 

in the economy also act as investors, since they frequently adjust their production 

infrastructure with new investments. The investment column of the I-O table is 

converted to a matrix with the assumption that all producers made some investments 

in proportion to their return to capital. All entries in the first row of Figure 4.1 have to 

be in basic prices. The uses of domestic and imported commodities are entered into 

two different matrices. The import matrix prepared for the purpose of converting the 

SUT into an I-O table is used for this purpose. Margin and tax matrices prepared for 

the same purpose were used for completing the next two rows in Figure 4.1. The row 

on return to labour in the CGE database corresponds with the row on compensation to 

labour in the I-O table. The single row of gross operating surplus in the I-O table is a 

mix of the return to land and capital. In the CGE model database this was split into 

two with the assumption that one third of the Gross operating surplus of the agricultural 

and extractive industries should go to the primary input land so that those two rows 

(on return to capital and land) in the CGE database add up to the same value as the 

overall gross operating surplus in the I-O table. Both the production taxes and 
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production subsidies values in the I-O database are included in the PTAX row of the 

CGE database. 

 

5.5. Database for Top-down Regional Extension 

The ORANI top-down regional extension is based on the regional extension 

method proposed by Leontief et al. (1965) -- this regional extension method introduced 

by the five authors Leontief, Morgan, Polenske, Simpson and Tower is commonly 

known as the LMPST method (Dixon et al., 1982). Following the method of ORANI 

modellers, the database required by SLTMRC-GEM is produced by introducing some 

regional shares on industry level output, investment, household consumption, 

government consumption, exports and inventory shares into the national database as 

presented in Table 5.3. 

 

Table 5.3: Regional shares in SLTMRC-GEM 

Source: Author 

 

The final step of preparing the database for the SLTMRC-GEM is to classify 

commodities as national and regional commodities according to their regional 

production and consumption patterns. The authors experience on the Sri Lankan 

economy was used for this classification. The final classification used in the thesis is 

given in Table 5.2. 

 

5.6. Updating the year 2006 Database for Year 2011 

The research question of the thesis is evaluated in a post- civil war situation. 

Considering the availability of all required data, the year 2011 (two years after the end 

of the war) is selected as a reasonable base year for the analysis. The already prepared 

CGE model database for 2006 is technically updated to 2011 by using a GEMPACK 

Regional Share Sri Lankan data Source used in generating the 

Regional Shares 

 Regional output shares Production Shares from Central Bank of Sri Lanka 

(CBSL) 

 Regional investment shares Production Shares from CBSL and investment data 

from national I-O table 

 Regional household consumption shares Household consumption data from consumer finance 

survey report of DCS 

 Regional export shares Production Shares from CBSL 

 Regional government shares Public administration expenditure from national I-O 

table and Production Shares from CBSL 

 Regional inventory shares Production Shares from CBSL 



 

148 

 

based updating program developed by (Horridge, 2004). The adjuster program is a 

kind of automated modified RAS7 technique specially prepared for updating working 

CGE model databases. The program is capable of adjusting all variables in the model 

according to some externally provided targets for some of the selected variables in the 

model.  

 

The SLTMRC-GEM dataset for year 2006 was adjusted for year 2011 by 

providing adjustment targets for all 65 sectors as well as for the fertilizer subsidy. 

Based on the sector level GDP data from Central Bank of Sri Lanka, the percentage 

difference between each sector’s value added (or GDP) for year 2006 and 2011 was 

calculated. The percent difference between fertilizer subsidy in year 2006 and 2011 

was also calculated with the data from the Central Bank and the Planning Ministry of 

Sri Lanka. The percentage increase in the values of the column headings of the I-O 

table is next used in adjusting all of the remaining values of the table by using the 

adjuster program which uses the RAS technique. 

 

Historical simulation is another kind of updating technique used by modellers 

(Dixon & Jorgenson, 2013). The implementation of this technique, with a special 

model closure, requires a good understanding of the temporal behaviour of the 

economy. The number of endogenous variables in the model can be updated with a set 

of known variables in the new base year. However the accuracy of the technique may 

depend on the relevance of the assumed economic behaviour for endogenous variables 

and the calculated values for exogenous variables. The adjuster program technique is 

selected for this study since it is comparatively simple. Further when the targets for all 

the sectors are able to be calculated with available data, a better projection can be 

expected with this technique (Horridge, 2015). 

 

5.7. Database for Bottom-up model 

The ideal way of implementing the SLBMRC-GEM is to use a set of balanced 

regional input output tables and an interregional trade matrix. Similar to many other 

countries, Sri Lanka does not have either separate regional I-O tables or an 

                                                 
7 RAS method is a commonly used input output matrix balancing technique.  
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interregional trade matrix. Hence a database with nine interlinked regional I-O 

databases was systematically created in this study.  

 

The possibilities for systematic generation of multiregional I-O modelling 

databases was first proposed by Isard (1960). Smith (1983) has developed a detailed 

method for developing a multiregional I-O database for Australia. Recently, Horridge 

(2002) has developed a GEMPACK based programming method to create 

multiregional CGE model databases starting from corresponding national level CGE 

databases. This last method was used in this study to create the database for the 

SLBMRC-GEM. The process started with the database prepared for SLTMRC-GEM 

and was supplemented by additional regional data from the Central Bank of Sri Lanka 

(CBSL, 2006, 2014). Figure 5.4 shows the steps of the complete process of data 

construction for SLBMRC-GEM. 

 

Similar to the method used for the creation of the database for the top-down 

regional extension, shares for distributing national level data for all demanders of the 

economy are required to create the I-O database for SLBMRC-GEM. The use of 

production, investment, household consumption, and government consumption shares 

for this method is also the same as that of above mentioned top-down extension. But 

for national exports, we consider shares based on the amount of national exports 

originating from the ports (harbours and airports) located in each region; in year 2006, 

Sri Lanka had only one international commercial harbour and one international airport 

located at Colombo. Hence other than some wheat all other commodities are assumed 

to be exported through the Western Province. A small amount of wheat flour produced 

in the Eastern Province is however exported through a harbour in this region. Stocks 

or inventories in SLBMRC-GEM are treated in a different way compared to that of 

SLTMRC-GEM. Producers are assumed to keep their unsold part of production with 

themselves as inventories within their region of production. 
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Figure 5.4: Steps of constructing a database for SLBMRC-GEM 

 

Source: Horridge (2002) 

 

The identification of national and regional commodities is the same as in the top-

down method. The other cost tickets row in the SLTMRC-GEM is omitted from the 
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other cost row are added to the Prodtax row of the SLBMRC-GEM (In ORANI type 

models, the other cost tickets row usually includes only production related tax and 

subsidies.) 

 

The structure of the targeted SLBMRC-GEM model database is depicted in Figure 5.5. 

 

Figure 5.5: Basic structure multi-region model database 

  1 2 3 4 5 

  Producers Investors Households Export Government 

 Size IxR IxR  R  1 1 

Basic flows 
 

CXS V1BAS V2BAS V3BAS V4BAS V5BAS 

Margins 
 

CxSxMxR V1MAR V2MAR V3MAR V4MAR V5MAR 

Taxes 
 

CxSxR V1TAX V2TAX V3TAX V4TAX V5TAX 

Labour 
 

1 V1LAB 

 

   

Capital 
 

1 V1CAP 
    

Land 
 

1 V1LAND 

    

Production 

Tax 

 
1 V1PTX 

    

Source: adapted from Horridge (2012b) 

 

The steps followed in converting the ORANI type SLTMRC-GEM national 

database into the bottom up regional database for SLBMRC-GEM can be explained in 

four key steps: 

 Simplifying the SLTMRC-GEM into a single region model database 

 Splitting users into nine regions 

 develop an inter-regional trade matrix 

 Introduction of elasticity parameters. 

Key 

R    Regions 

I     Number of Industries 

C    Number of commodities 

S    Source - Domestic or imported 

M  Number of commodities used as margins 

V    Value 

BAS    Value in basic price 

MAR  Margin 

TAX    Sales taxes 

LAB    Labour 

CAP    Capital 

PTX     Production tax 

TAR   Import Tariff 
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5.7.1. Simplifying the SLTMRC-GEM Database as a Single Region Model 

Database 

The process of constructing the dataset for SLBMRC-GEM starts with the 

SLTMRC-GEM data base. In the first step, the SLTMRC-GEM database organized in 

the ORANI model format, as per section 5.4, is rearranged in a simplified format as in 

Figure 5.6. 

 

Figure 5.6: Simplified single region database 

  Absorption Matrix 

  1 2 3 4 5 

  
 

Producers 
 

Investors 
 

Household 
 

Export  
 

Government  

 Size I 1 1 1 1

Use 
Flows 



CS



 

V1USE 

 

V2USE 

 

V3USE 

 

V4USE 

 

V5USE 

 

Taxes 



CS



 

V1TAX 

 

V2TAX 

 

V3TAX 

 

V4TAX 

 

V5TAX 

 

Labour 



O 



 

V1LAB 

  

Key 

C =65: number of commodities 

 I =65: number of industries 

 S =2: domestic and imported  

 O           =1: number of occupation 

 M =4: number of margin commodities  

 ( trade, land transport, air transport and water 

   transport) 

  

  

 

 

Capital 



1



 

V1CAP 

 

Land 



1



 

V1LND 

Production 
Tax 



1



 

V1PTX 

 

 Joint 
Production 

Matrix 

  Investment 
Purchasers 

Values 

   
All users 

   
Inventories 

 

Size I  Size I  Size 1  Size 1  



C



 

MAKE 

 

C



 

INVEST 

 

CxSxM



 

MARGIN 

 

I



 

STOCKS



 
Source: adapted from (Horridge, 2002) 

 

 

The simplified absorption matrix has only five columns. Inventories (stocks), in the 

sixth column of the SLBMRC-GEM, was separated as a column vector. Margins and 
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investment were also separated into new matrices. The entries in the absorption matrix 

show the purchases by agents given in column headers from the commodity suppliers 

in the row headers. Each of the commodities can be purchased from domestic or 

imported supply. The tax row of the absorption matrix is source specific (tax on 

domestic goods and tax on imported goods). The make matrix associated with the 

SLTMRC-GEM is also kept as a separate matrix. 

 

5.7.2. Splitting Users into Regions 

In SLTMRC-GEM all six identified national level demanders (producers, 

investors, household, exporters, government and inventories) purchase commodities 

from the suppliers in the national market. In the second step of making the bottom-up 

database, we split demanders into nine user regions to represent demands from the 

users in each region. Regional demand shares for each user are calculated based on 

collected regional data (as given in Table 5.3). Regional producer’s intermediate 

demand is assumed to be the same as their regional output. Regional investment share 

is assumed to be proportional to the regional output share plus the regional public 

administration cost of the government (CBSL, 2012).  

 

Table 5.4: Regional shares used in SLBMRC-GEM 

Source: Author 

 

Regional household consumption demand shares were estimated using regional 

consumption data. Regional export demands are proportional to export volumes from 

ports of export located in each region. Regional government demand shares are 

assumed to be proportional to government expenditure shares for each region. 

SLBMRC-GEM assumes that all unsold stocks remain with producers and within the 

Regional Share Proxy Share Sri Lankan data Source used in 

generating the share 

Regional output shares Regional sectoral GDP Shares  Socio Economic Report and 

unpublished data from CBSL 2013 

Regional investment 

shares 

Production Shares and 

Government demand 

Consumer finance survey report of 

DCS 2009 

Regional consumption 

shares 

Regional Consumption shares  Consumer finance survey report of 

DCS 2009 

Regional export shares Shares of exports from regional 

ports  

Socio Economic Report CBSL 

2013 

Regional government 

shares 

Regional Public administration 

expenditure shares 

Socio Economic Report CBSL 

2013 

Regional inventory shares Regional sectoral GDP Shares  Socio Economic Report CBSL 

2013 
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regions of production. Hence the inventory shares are assumed to be proportional to 

production shares. Proxies used for each demand share, and the Sri Lankan data 

sources used in calculating those shares, are given in Table 5.5. 

 

5.7.3. Development of an Interregional Trade matrix 

An interregional trade matrix is a critical component of the bottom up model. 

Since there are not any recorded interregional trade flows available in the Sri Lankan 

context, our interregional trade matrix is indirectly estimated. The process starts with 

the known row and column totals. The row totals of the trade matrix are equal to total 

regional production of each industry while the column totals are equal to total regional 

demand for each commodity. The Floyd algorithm (Floyd, 1962) and a gravity formula 

(Curry, 1972) are some commonly used mathematical techniques in estimating the 

spatial distribution of commodity flows (Haynes & Fotheringham, 1984). Following 

the TERM database generation technique (Horridge, 2012b), a gravity model based 

method is selected for technically generating a trade matrix. According to the 

conventional gravity model, the amount of traded commodity transferred in between 

two regions is proportional to the inverse of the distance between these two regions. 

The gravity formula for distribution of any selected commodity can be given as  

  V(r,d) = (r).(d).V(r,*).V(*,d) /D(r,d)2                       rd 

where 

 V(r,d) = value of flow from r to d 

 (corresponding to TRADE matrix given in Figure 4.7) 

 V(r,*) = production in r (known) 

 V(*,d) = demand in d (known) 

 D(r,d) = distance from r to d 

The (r) and (d) are constants chosen to satisfy: 

 rV(r,d)= V(*,d) and dV(r,d)= V(r,*)  

Source: Horridge (2002) 

 

But, as Horridge (2002) has noted with his experience in generating an 

interregional trade matrix for the Australian TERM model, the above gravity formula 

is not very realistic in regionally allocating Australian commodities. That is mainly 

due to the variation of tradability of different commodities. To rectify this problem the 
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above author has introduced an altered version of gravity formula as follows 

(Horridge, 2012b): 

V(r,d)/V(*,d)  V(r,*)/D(r,d)k                       rd 

where K is a commodity-specific parameter valued between 0.5 and 2, with higher 

values for commodities not readily tradable (Horridge, 2002).  

 

Next the share of the commodity consumed within the production region is 

specified with the following formula. 

 V(d,d)/V(d,*) = MIN{ V(d,*)/V(*,d),1} x F 

Where V(d,d)/V(d,*) is locally-supplied demand in d as share of local production and  

F is a commodity-specific parameter valued between 0.5 and 1, with a value close to 

1 if the commodity is not readily tradable (Horridge, 2002).  

 

The trade matrix of SLBMRC-GEM is also estimated with the above formulas 

used by (Horridge, 2002, 2006). The main advantage of these formulas is its possibility 

of control of the level of tradability of different commodities with the K and F 

parameters. Values for the K and F parameters in SLBMRC-GEM were established as 

some guestimates based on the authors experience in Sri Lankan economy. As 

(Horridge, 2002, 2006) has noted, the relative size of those parameters are more 

important than their absolute value. 

 

5.8. Elasticities and Other Parameters 

The previous sections of this chapter described the preparation of the first 

category of data (I-O data) for the implementation of the two models described in the 

previous chapter. However, to implement these models five kinds of sector specific 

elasticities for operating its substitution equations are required (the second category of 

data noted in the introduction to this chapter). Price or expenditure elasticities are 

required to indicate the possibilities of substitution in between different commodities 

in the presence of a price change. Substitution elasticities between domestic and 

imported goods and services (which are commonly known as Armington elasticities) 

are important in deciding the possibility of substitution between domestic and 

imported sources of goods in the presence of a relative price change. Econometric 

estimation of all required elasticities by a CGE model is not practical given the 
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available data in most, if not all, countries. Hence CGE modellers tend to borrow many 

of these elasticity values from the existing literature. 

 

The problem faced by CGE modellers in developing countries including Sri 

Lanka is the non-availability of estimated elasticities for required sectors as well as 

weakness in estimation for any available elasticity values. The elasticity values 

generated with different functional forms and assumptions are also not consistent in 

many cases. Hence CGE modellers are used to revising the existing elasticities with 

some values entered on the basis of their judgements, often following conduct of a 

series of sensitivity analyses (Dixon & Rimmer, 2013). 

 

Elasticity values used in this study are based on tested and established elasticity 

values available in the GTAP model’s Sri Lankan database for the year 2007. Since 

the sector classification in the current model is not the same as that used in the GTAP 

database, the sectors used in the two models are first mapped against each other to 

establish a concordance pattern (see appendix 5A.1 in the end of this chapter). 

Elasticity parameter estimates used in the GTAP model database are based on some 

previous Sri Lankan literature and also with some values obtained from similar sectors 

of other countries. After mapping the SLBMRC-GEM sectors with GTAP sectors 

some of the values were changed with insights from some other studies and some 

intuitive judgements. While zero elasticity values indicate that there is no possibility 

for substitution, higher values indicate higher possibilities for substitution.  

 

Elasticity of substitution between primary factors required when forming a 

composite primary factor bundle is one kind of input demand elasticity required. Since 

it is hard to find estimated values for this parameter, following other CGE modellers 

and the GTAP model, the parameter for different sectors is set to values given in Table 

5.4. Export elasticities are important in deciding whether a product of an industry is 

going to local or export markets. Following other CGE modellers, the export elasticity 

for all commodities was set to values given in the final columns of Table 5.4.  

 

A bottom-up multiregional model has two kinds of imports, namely 

international and interregional imports. So the model also requires two kinds of 

Armington elasticities, namely international and inter-regional Armington elasticities. 
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The Armington elasticities identified from the GTAP database relates to international 

imports (see second column of the table). Since Sri Lanka does not have any estimated 

regional trade elasticities, some regional Armington elasticities were introduced with 

the judgment of the author by following the lead of other TERM modellers.  

 

The model allows industries to imperfectly substitute primary factors 

considering their relative prices. In the Australian ORANI model the parameter is used 

as 0.5. But some other authors, such as Gunewardena (2012a, 2012b) and in models 

such as GTAP model, use different parameters for different industries. Following 

Gunewardena (2012) the value of this parameter is introduced as given in Table 5.4. 

 

In ORANI type CGE models, substitution of intermediate inputs is not allowed 

with the assumption of fixed technology within the simulation period. However in the 

TERM model intermediate substitution is allowed to take place under some special 

circumstances such as a severe drought. In the Australian TERM model the value of 

the elasticity parameter is fixed as 0.15. But in SLBMRC-GEM the condition is 

changed as industries can have different intermediate substitution parameters and this 

parameter is newly introduced into the data set. However the substitution is allowed 

only for agricultural sectors with the assumption that agricultural production can be 

carried out with altered input combinations; for example even with a low amount of 

fertilizer, a farmer can produce an output by cultivating his entire land (but the yield 

may be lower). Since our fertilizer subsidy shock (explained in Chapter 7) is directly 

relevant to paddy, the higher intermediate substitution is allowed for paddy by setting 

the parameter value as 0.15. While it is set to 0.1 for other agricultural production, the 

value is set to 0.05 for agricultural processing industries. Intermediate substitution in 

other industries is controlled by setting the value of the substitution elasticity 

parameter as 0.  
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Table 5.5: Different elasticities used in the model 

No Sector Expenditure 

price 

elasticities 

Armington 

elasticities 

Primary 

factor 

substitution 

elasticities 

Intermediate 

input 

substitution 

elasticities  

Export 

elasticities 

1 Paddy 0.56 0.50 0.25 0.15 -10.10 

2 Maize 0.56 3.25 0.25 0.10 -2.60 

3 Other Cereals 0.56 1.30 0.25 0.10 -2.60 

4 Potatoes 0.56 1.85 0.25 0.10 -3.70 

5 Other Vegetables 0.56 1.85 0.25 0.10 -3.70 

6 Coconut  0.56 2.25 0.25 0.10 -3.70 

7 Tea Leaves 0.56 3.25 0.25 0.10 -6.50 

8 Rubber (natural) 0.56 3.25 0.25 0.10 -6.50 

9 Fruits (fresh) 0.56 1.85 0.25 0.10 -3.70 

10 Other Beverages and Spice  0.56 3.25 0.25 0.10 -6.50 

11 Live Animal (for meat and 

draft ) 

0.84 2.00 0.25 0.10 -4.00 

12 Other Agriculture and 

Hunting  

0.84 1.30 0.25 0.10 -2.60 

13 Logs (timber) 1.15 2.45 0.20 0.05 -5.00 

14 Firewood (in logs and 

billets) 

1.15 2.45 0.20 0.05 -5.00 

15 Fish (Inland and Marine) 0.84 1.25 0.20 0.05 -2.50 

16 Mining and Quarrying 1.15 0.90 0.20 0.05 -1.80 

17 Meat and processed Fish, 

Fruit & Veg.  

0.84 3.85 1.12 0.05 -7.70 

18 Dairy Products 0.84 3.65 0.25 0.05 -7.30 

19 Processes Rice 0.56 2.60 1.12 0.05 -5.20 

20 Other milled products 0.56 2.60 1.12 0.05 -5.20 

21 Tea  0.74 1.15 1.12 0.05 -2.30 

22 Other food products 

Beverages 

0.74 2.00 1.12 0.05 -2.30 

23 Tobacco Products 0.74 1.15 1.12 0.05 -4.00 

24 Textile Fabrics  0.96 3.75 1.26 0.00 -7.50 

25 Other Textiles (Other than 

apparel) 

0.96 3.75 1.26 0.00 -7.50 

26 Knitted and Crocheted 

Fabrics  

0.96 3.70 1.26 0.00 -7.40 

27 Wearing apparel, except fur  0.96 3.70 1.26 0.00 -7.40 

28 Leather Products and 

Footwear 

0.96 4.05 1.26 0.00 -8.10 

29 Wood Products 1.15 3.40 1.26 0.00 -6.80 

30 Paper Printed Matter and 

Related Articles 

1.15 2.95 1.26 0.00 -5.90 

31 Refined Petroleum Products 1.05 2.10 1.26 0.00 -4.20 

32 Basic Chemicals 1.15 3.30 1.26 0.00 -6.60 

33 Other Chemical Products 1.15 3.30 1.26 0.00 -6.60 

34 Rubber Products 1.15 3.30 1.26 0.00 -6.60 

35 Plastics Products 1.15 3.30 1.26 0.00 -6.60 

36 Non-metallic Mineral 

Products n.e.c. 

1.15 2.90 1.26 0.00 -5.80 
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37 Basic metals 1.15 4.20 1.26 0.00 -8.40 

38 Fabricated Metal Products 1.15 3.75 1.26 0.00 -7.50 

39 General-purpose Machinery 1.15 4.05 1.26 0.00 -8.10 

40 Special-purpose Machinery 1.15 4.05 1.26 0.00 -8.10 

41 Computers 1.15 4.00 1.26 0.00 -8.80 

42 Electrical Machinery and 

Apparatus 

1.15 4.40 1.26 0.00 -8.80 

43 Electronic Equipment 1.05 4.40 1.26 0.00 -3.80 

44 Medical ,Optical, 

Photographic Equip. 

1.15 4.05 1.26 0.00 -8.10 

45 Transport Equipment 1.05 2.78 1.26 0.00 -8.60 

46 Furniture 1.15 3.75 1.26 0.00 -6.80 

47 Other Transportable Goods 1.15 2.80 1.26 0.00 -7.50 

48 Recycling Waste and Scrap 1.05 2.80 1.68 0.00 -3.80 

49 Electricity 1.13 28.00 1.26 0.00 -5.60 

50 Water (for domestic/ 

industry) 

1.13 2.00 1.26 0.00 -5.60 

51 Construction Service 1.13 1.90 1.40 0.00 -3.80 

52 Trade and Repair Work 1.28 1.90 1.68 0.00 -3.80 

53 Hotels and Restaurants 1.19 1.90 1.26 0.00 -3.80 

54 Land Transport 1.05 1.90 1.68 0.00 -3.80 

55 Water Transport 1.05 1.90 1.68 0.00 -3.80 

56 Air Transport 1.05 1.90 1.68 0.00 -3.80 

57 Supporting and Auxiliary 

Transport  

1.78 1.90 1.26 0.00 -3.80 

58 Post and 

Telecommunications 

1.05 1.90 1.26 0.00 -3.80 

59 Financial Intermediation 1.78 1.90 1.26 0.00 -3.80 

60 Insurance and Pension 

Funding 

1.13 1.90 1.26 0.00 -3.80 

61 Real Estate Activities 1.78 1.90 1.26 0.00 -3.80 

62 Public Administration and 

Defence 

1.19 1.90 1.26 0.00 -3.80 

63 Education 1.19 1.90 1.26 0.00 -3.80 

64 Health and Social Services 1.19 1.90 1.26 0.00 -3.80 

65 Other Services 1.78 1.90 1.26 0.00 -3.80 

Source: SLBMRC-GEM database 

 

5.9. Testing the Validity of Database and Model 

An economic model can be simply defined as an abstract representation of the 

real economy. Both SLTMRC-GEM and SLBMRC-GEM are developed for the 

purpose of analysing the impact of different policy shocks on Sri Lankan economy. 

The validity of the simulation results is dependent on the validity of the model 

equations and the validity of the database. Homogeneity tests and checking for the 

consistency of income and expenditure side GDP aggregates are well known methods 

for testing the validity of the CGE model equations and the associated database (Dixon 
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& Rimmer, 2013; Dixon & Parmenter, 1996). Since both SLTMRC-GEM and 

SLBMRC-GEM closely follow the widely accepted format of the ORANI and TERM 

models respectively, little effort is taken for testing the theoretical validity of these Sri 

Lankan specific models. A comparison of the projected regional impacts of one 

selected national level policy as simulated with use of the top-down and bottom-up 

models (SLTMRC-GEM and SLBMRC-GEM) is another possible consistency check 

(this agrees with the ideas of Horridge 2014). Even though the results of two models 

should not be identical, if both models are working properly, the pattern of regional 

impacts should be similar in both models.  

 

5.9.1. Homogeneity Test 

The homogeneity test relates to the validity of the model dataset and equations. 

In particular it provides an idea about the computational accuracy of the equations and 

the model database (Dixon & Rimmer, 2013). The homogeneity test was carried out 

with the SLTMRC-GEM in three different stages. Initially the SLTMRC-GEM was 

calibrated with the Sri Lankan I-O database with 64 sectors for year 2006 and the 

homogeneity test was performed. Secondly after producing the 65 sector 2006 

database, with some revisions in sector classifications, the homogeneity test was 

carried out again to make sure that the consistency of the dataset is not affected with 

the revisions made to the existing sectors. Thirdly after updating the dataset for year 

2011 situation the homogeneity test was re-run to ensure that the consistency of the 

dataset was not disturbed with the updating process.  

 

5.9.2. Consistency in GDP Aggregates Check 

An input-output database is useful in calculating the GDP of the respective 

economies in the base year by using either the income or the expenditure approach (or 

both). Any CGE model can also be used for the same purpose. If the CGE model is 

properly calibrated and mathematically accurate, the GDP values calculated in either 

of the above-mentioned approaches with the model should be equal and it should also 

be equal to the GDP calculated with the underlying I-O table. This GDP consistency 

check was also carried out three times with the SLTMRC-GEM and SLBMRC-GEM. 

After calibrating the model with 64 sector Sri Lankan database the test was performed 

for the first time and found that: 



 

161 

 

 

GDP Income 

calculated with 

I-O table 2006 

= 

GDP Expenditure 

calculated with   

I-O table 2006 

= 

GDP Income 

calculated with 

SLTMRC-GEM 

= 

GDP Expenditure 

calculated with 

SLTMRC-GEM 

 

Secondly after revising a few sectors of the model and recalibrating the model for 65 

sector year 2006 data base the above test is performed again to make sure that the 

revised sectors are also in order. Thirdly after calibrating both SLBMRC-GEM and 

SLTMRC-GEM models for year 2011 (with the updated dataset) the consistency check 

is performed again and found that:  

GDP Income 

calculated with 

SLTMRC-GEM 

= 

GDP Expenditure 

calculated with   

SLTMRC-GEM 

= 

GDP Income 

calculated with 

SLBMRC-GEM 

= 

GDP Expenditure 

calculated with 

SLBMRC-GEM 

 

The above mentioned identities confirm that the updating of the dataset has worked 

similarly with both income and expenditure variables. The consistency of the GDP 

aggregates from both models indicates that regional disaggregation of data has not 

affected either the income or expenditure side variables. 

 

5.9.3. A Comparative Simulation with SLBMRC-GEM and SLTMRC-GEM  

To have a further check on the consistency of two Sri Lankan specific models, 

the same test simulation was carried out with both models. In particular, the fertilizer 

subsidy for agricultural production in the base year 2011 was reduced by 20% and the 

pattern of the resultant regional impacts of this policy shock was compared. Even 

though the reported results of the two policy shocks are not identical, the same pattern 

of regional variation is observed.  

 

5.10. Concluding Remarks 

The purpose of this chapter is to develop the new CGE model database required 

for implementing the SLBMRC-GEM. Since the construction of the bottom-up model 

data base starts with a working top -model database, the SLTMRC-GEM (the top-

down counter part of the SLBMRC_GEM) is firstly calibrated and it is then converted 

into a bottom-up database. The latter includes I-O databases for all nine regions of the 

country and an inter-regional trade matrix.  
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The new Sri Lankan databases developed in this chapter are used in calibrating 

the models described in Chapter 4. Chapter 7 presents the illustrative simulations 

carried out with the calibrated SLBMRC-GEM.  
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Appendix 5A.1 

No. SLBRCG 65 GTAP 2007 

1 Paddy Paddy rice 

2 Maize Cereal grains nec 

3 Other Cereals Cereal grains nec 

4 Potatoes Vegetables, fruit, nuts 

5 Other Vegetables Vegetables, fruit, nuts 

6 Coconut  Crops nec 

7 Tea Leaves Crops nec 

8 Rubber (natural) Crops nec 

9 Fruits (fresh) Vegetables, fruit, nuts 

10 Other Beverages and Spice  Crops nec 

11 Live Animal (for meat and draft ) Cattle, sheep, goats, horses 

12 Other Agriculture and Hunting  Animal products nec 

13 Logs (timber) Forestry 

14 Firewood (in logs and billets) Forestry 

15 Fish (inland and marine) Fishing 

16 Mining and Quarrying Minerals nec 

17 Meat and processed Fish, Fruit & Veg.  Meat: cattle, sheep, goats, horse 

18 Dairy Products Raw milk 

19 Processes Rice Processed rice 

20 Other milled products Processed rice 

21 Tea  Beverages and tobacco products 

22 Other food products Beverages Beverages and tobacco products 

23 Tobacco Products Food products nec 

24 Textile Fabrics  Textiles 

25 Other Textiles (other than apparel) Textiles 

26 Knitted and Crocheted Fabrics  Wearing apparel 

27 Wearing apparel, except fur  Wearing apparel 

28 Leather Products and Footwear Leather products 

29 Wood Products Wood products 

30 Paper Printed Matter and Related Articles Paper products, publishing 

31 Refined Petroleum Products Petroleum, coal products 

32 Basic Chemicals Chemical, rubber, plastic prods 

33 Other Chemical Products Chemical, rubber, plastic prods 

34 Rubber Products Chemical, rubber, plastic prods 

35 Plastics Products Chemical, rubber, plastic prods 

36 Non-metallic Mineral Products n.e.c. Mineral products nec 

37 Basic metals Metals nec 

38 Fabricated Metal Products Metal products 

39 General-purpose Machinery Machinery and equipment nec 

40 Special-purpose Machinery Machinery and equipment nec 

41 Computers Electronic equipment 

42 Electrical Machinery and Apparatus Electronic equipment 

43 Electronic Equipment Communication 
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44 Medical, Optical, Photographic Equip. Machinery and equipment nec 

45 Transport Equipment Transport equipment nec 

46 Furniture Wood products 

47 Other Transportable Goods Manufactures nec 

48 Recycling Waste and Scrap Transport nec 

49 Electricity Electricity 

50 Water (for domestic/ industry) Water 

51 Construction Service Construction 

52 Trade and Repair Work Trade 

53 Hotels and Restaurants Recreation and other services 

54 Land Transport Transport nec 

55 Water Transport Sea transport 

56 Air Transport Air transport 

57 Supporting and Auxiliary Transport  Business services nec 

58 Post and Telecommunications Communication 

59 Financial Intermediation Financial services nec 

60 Insurance and Pension Funding Insurance 

61 Real Estate Activities Financial services nec 

62 Public Administration and Defence Pub Admin/Defence/Health/Education 

63 Education Pub Admin/Defence/Health/Education 

64 Health and Social Services Pub Admin/Defence/Health/Education 

65 Other Services Business services nec 

Note: nec stands for not elsewhere classified. 

 

Source: Author 
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 Chapter 6: Background of the Policies Selected for the Simulations 

6.1. Introduction 

The new analytical model SLBMRC-GEM to be used for evaluating the research 

question was presented in chapter 4. The Sri Lankan dataset for calibrating this model 

was discussed in chapter 5. Next, the evaluation of the research question presented in 

in chapter 1 requires the identification of a set of relevant illustrative policies. The 

purpose of this chapter is, therefore, to provide the background to the illustrative 

policies selected for simulation using the SLBMRC-GEM model in Chapter 7, and to 

demonstrate the importance of these policy simulations to the regional and national 

economies of Sri Lanka. The significance and contribution of key sectors to the 

regional and national economy is a major criterion used in selecting relevant sectors 

for policy simulation. In addition to this, the availability of data has been another 

determinant in selecting sectors relevant to our research question. The researcher’s 

prior experience in analysing the selected sectors was another factor considered. 

Finally, the feasibility of identifying one place-neutral policy and another place-based 

policy related to the same sector was another requirement. 

 

Considering the above factors, an ongoing Sri Lankan policy to provide 

subsidized fertilizer for paddy farmers and a suggested regional development policy 

to improve irrigation infrastructure in the Northern Province are selected as the main 

illustrative policies subject to simulation. In addition a suggested regional policy to 

develop irrigation infrastructure in the Eastern province and another suggested 

regional development policy to develop improved fisheries harbours in the Northern 

Province were selected as vehicles through which to test the robustness of the impact 

of place-based and place-neutral policies. 

 

The rest of the chapter is organized as follows. The role of the agriculture, and 

especially the paddy sector, in Sri Lankan economy is discussed in section 6.2. The 

inputs used in the paddy industry are also described in this section. Section 6.3 presents 

the Sri Lankan experience in providing fertilizer subsidy to paddy farmers including 

documentation of key historical facts. Section 6.4 provides a brief description of global 

concerns surrounding input subsidies, like the fertilizer subsidy described in section 

6.3. Irrigation development policies adapted by Sri Lanka and their relevance to the 
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paddy industry are highlighted in section 6.5. The suggested place-based policy to 

further develop the irrigation sector within different regions is also discussed within 

this section. Section 6.6 explains the role of the fisheries sector in the national and 

regional economies of Sri Lanka. The importance of fisheries harbours as a supporting 

infrastructure is also considered, and the place-based policies for fisheries harbour 

development are also discussed as part of this section. Finally some concluding 

remarks are made in Section 6.7. 

 

6.2. The Agriculture and Paddy Sectors in Sri Lankan Economy 

For thousands of years the country has had an agriculture sector dominated by 

the paddy cultivation (De Silva, 1981). In addition to providing the staple food of rice 

the sector has also provided livelihood opportunities for most of the people in the 

country for generations (Henegedara, 2002; Ponweera & Premaratne). According to 

the recorded history of 2500 years, its culture and civilization is woven around the 

paddy industry and this industry has received some unprecedented state sponsorship 

for generations. Ancient large irrigation schemes and associated legendry stories are 

evident in the successes achieved in the sector (Aluwihare & Kikuchi, 1991; 

Chambers, 1975).  

 

During the first three decades of its post independent era (post 1948) the country 

practiced closed economic policies (Bandara, 1995). While agriculture is the major 

production sector, over 50% of the population was dependent on agriculture for 

employment during this period. See Table 6.1. With the liberalization policies started 

in 1978, the economy has gone through structural adjustment such that by 2012, 

agriculture contributed to only 11.1% of GDP. However, agriculture is still providing 

employment for 31% of the population of the country and the sector is still the 

dominant industry in all rural regions (Wijerathna et al., 2014). 

 

Even though, the Sri Lankan economy is currently transitioning from a low to 

middle per capita income position, the agricultural sector and especially the paddy 

sector still plays an important role in the economy. About 70% Sri Lankans are still 

living in rural areas and these households are mostly dependent on agriculture led by 

paddy (Thibbotuwawa et al., 2012; UNDP, 2012). 
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Table 6.1: Major economic sectors in independent Sri Lanka 

  Sector 

1950-

51 

1960-

61 

1970-

71 

1980-

81 

1990-

91 

2000-

02 2005 2008 2012 

                      

GDP  

share 

Agriculture 44.5 34.6 35.1 33.7 26.3 21.9 18.9 13.4 11.1 

 plantation 26.3 17.8 15.8 13.9 8.1 5.2 4.4 4.0 3.0 

 non plantation 14.6 14.5 16.7 15 14.8 12.1 11.5 7.2 5.8 

   paddy 1.5 5.7 7.2 6.1 4.9 3.1 3 2.3 1.3 

   other 13.1 8.8 9.4 8.9 9.9 9 8.9 4.9 4.5 

 forestry 1.9 1.4 1.4 2 1.6 1.9 1.7 0.7 0.5 

 fishing 1.2 0.9 1.2 2.7 1.8 2.7 1.3 1.5 1.8 

Manufacturing 8 9 14 18 23 26 27 29.4 31.5 

Services 53 55 51 48 51 52 55 57.2 57.5 

                      

Employ-

ment 

Share 

Agriculture 53 53 50 45 42 33 31 32.6 31 

Manufacturing 12 12 12 15 20 22 24 26.2 26.1 

Services 35 35 38 40 38 45 45 41.3 43 

Source: Bandara and Jayasuriya (2007); CBSL (various issues) 

 

Paddy farmers produce the staple food of rice for Sri Lankans, and this is the 

single most important agricultural crop for the nation. Paddy farms currently occupy 

33% of cultivated lands and supply 95% of the rice demand of Sri Lanka (DOA, 

2014b). Paddy is cultivated in all regions of the country in various intensities. 

According to the Department of Agriculture (DOA, 2014b) 1.8 million farmer families 

are engaged in paddy cultivation and the paddy sector is contributing to 1.6% of the 

national GDP in 2014 (CBSL, 2014). The annual paddy production of the country is 

2.7 million tons. The current cost of production of paddy is Rs. 8.57 per kg and this 

cost derives 55%, 23% and 23% from labour, farm power and tradeable inputs 

respectively (DOA, 2014b). Most of the farmers are currently cultivating high fertilizer 

responsive improved varieties of rice and a major component of the tradeable inputs is 

chemical fertilizer (Rodrigo, 2013). 

 

As discussed in Chapter 2, sectoral structures of the various regional economies 

are considerably different. The role of agriculture in regional economies also varies. 

Figure 6.1 shows the share of agriculture, services and industries in regional (i.e. 

provincial) economies (as pie graphs) and the share of agriculture in regional 

employment (as row graphs). The latter range from a low of 8.3% in the Western 

Province a high of 58% in Uva Province – with all regions other than the one based on 
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the national capital (namely Western Province) having an employment share in 

agriculture in excess of 30 %. 

 

Figure 6.1: Sectoral contribution to regional GDP and employment 

 
Source: Author based on CBSL (2012) 

 

The natural environment, dominant production activities, as well as the level of 

economic development, varies among these regions. Most of the industrial and service 

activities are concentrated into the Western region, which in turn contributes to 50% 

of the national GDP. 

 

The development of the agricultural sector in rural regions is crucially important 

in reducing poverty and improving the livelihood of regional communities. According 

to the latest poverty analysis of the Department of Statistics, 8.9% of the population of 

the country is living below the national poverty line. The poverty head count as well 

as the depth and the severity of poverty defined by the poverty gap and squared gap 

indices vary among regions. See Table 6.2. While the poverty level is low in more 

industrial regions (such as Western Province), it is generally higher in more rural and 

agricultural regions (such as Uva Province). 

 

Paddy cultivation is a primary industry that that uses land, water and labour as 

its main inputs. For thousands of years paddy has been cultivated as a subsistence crop 

by farmers. Most of the people have cultivated paddy in their own small land holdings 

with family labour and a minimal amount of other inputs. Over time paddy has turned 

into a domestically tradable industry, however nationally it remains a subsistence 

Western Sourthern Sabaragamuwa

Central Uva eastern

North Western North Central Northern

Services Industry Agriculture

Graphs by province
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industry with any shortfall in national production to meet domestic needs coming from 

heavily regulated imported supplies. 

 

Table 6.2: Poverty situation in Sri Lankan regions (2009-2010) 

  Head Count index % Poverty Gap index % Squared Poverty gap index % 

Sri Lanka 8.9 1.7 0.5 

     

Western 4.2 0.8 0.2 

Central 9.7 1.8 0.5 

Southern 9.8 1.8 0.5 

Nothern 12.8 2.1 0.6 

Eastern 14.8 3.2 1.1 

North Western 11.3 2.4 0.8 

North Central 5.7 1 0.3 

Uwa 13.7 2.4 0.7 

Sabaragamuwa 10.6 2.1 0.7 

Source: DCS (2011a); DCS (2011b) 

 

Notes:  Head Count Index is the percentage of population who live below the official poverty line of Sri 

Lanka (Rs 3208 in 2009); Poverty Gap Index is the mean shortfall in consumption from the poverty line 

(counting the non-poor as having zero shortfall), expressed as a percentage of the poverty line – it 

measures the depth of poverty; Poverty Squared Gap Index, which measures the severity of poverty, is 

the average of squared poverty gaps (distance between poverty line and individuals income) of 

individual poor.  

 

With the introduction of high yielding varieties of rice produced following the 

green revolution in the1960’s (Ekanayake, 2006; Jeevika  Weerahewa et al., 2010), 

and also with the opening of the economy described earlier, the industry is currently 

dependent on a number of imported inputs such as chemical fertilizer and agricultural 

machinery. Since the new high yielding paddy varieties are heavily fertilizer 

responsive, chemical fertilizer is currently an indispensable input. However, Sri Lanka 

is not producing locally any chemical fertilizers, other than a small amount of 

phosphate and dolomite. Hence, the farmers have to depend on imported fertilizer. A 

number of local fertilizer companies in the country are basically engaged in mixing, 

packaging and distribution of imported fertilizer supplies (Baurs, 2014; CFCL, 2014).  

 

6.3. The Fertilizer Subsidy Policy of Sri Lanka  

In the 1960’s, following some other competitor countries, Sri Lanka introduced 

a fertilizer subsidy scheme for paddy farmers – mainly aimed at promoting the 

adoption of the improved high yielding varieties referred to above. This subsidy has 
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been continued by all successive governments in various magnitudes, except for two 

years (1990-1992) and the budgetary burden of it has been justified based on the 

national goals of food security, protecting the paddy industry that provides the 

livelihood for a large number of rural poor, and suppling low cost rice for all domestic 

consumers (Weerahewa et al., 2010; Thibbotuwawa, 2010). Abeygunawardane (2014) 

discusses the reasons for the continued fertilizer subsidy in Sri Lanka in detail and 

summarizes the key reasons into ten points as in Figure 6.2.  

 

Figure 6.2: Why Sri Lanka should continue fertilizer subsidy 

 

Source: Abegunawardane (2014) 

 

Sri Lanka has expressed a desire to improve paddy production yield in the 

country in order to achieve self-sufficiency in rice. Rehabilitation of existing irrigation 

schemes and paddy cultivation areas, as well as construction new irrigation schemes, 

also took place since the 1940’s (Wijerathna, 2009). So the initial fertilizer subsidy 
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scheme was targeted at promoting the cultivation of new improved rice varieties within 

irrigated rice fields. From 1962, Sri Lanka has continued the fertilizer subsidy program 

up to now in various forms. See Figure 6.3 for details. 

 

Figure 6.3: Chronology of fertilizer subsidy in Sri Lanka 

1962: A fertilizer subsidy program for paddy was introduced with a fixed subsidy rate. 

1971: importation of fertilizer became a monopoly of the Ceylon Fertilizer Corporation, and 

importation of fertilizer by the private sector was banned. 

1975: the fertilizer subsidy program was expanded to cover all crops. 

1977: private sector companies were allowed to import fertilizer  

1978: A uniform subsidy rate was introduced (50 percent of the cost), and importation  

1979: Subsidy rates were revised to 85 percent for urea and 75 percent for other fertilizers. 

1988: Subsidy rates were reduced, and the subsidy for SA and RP was eliminated.  

1990: the subsidy was completely removed  

1994: The subsidy for urea, SA, MOP, and TSP was reintroduced with a fixed fertilizer price.  

1996: The subsidy for SA was eliminated. 

1997: The subsidy was limited to urea.  

2005: The subsidy was limited to the main fertilizers for paddy (nitrogen, phosphate, and 

phosphorus) in their straight form but not as mixtures 

2006: Tea, rubber, and coconut smallholder farmers (with less than five acres of land) became 

eligible for the fertilizer subsidy. 

2009-14: Special subsidy for small scale paddy farmers. Price of 50Kg of fertilizer for a paddy 

famer who control less than 5 acres is fixed as Rs. 350.   

Source: Abeygunawardane (2014); CBSL (various issues); Ekanayake (2006);  Weerahewa et al. 

(2010) 

 

After the subsidy program and other projects to expand paddy cultivation, and 

chemical fertilizer importation, its use in paddy sector cultivation, paddy yield and 

total paddy production in the country was considerably expanded. Irrespective of these 

positive impacts, the subsidy scheme has become a huge burden on government 

budget. Figure 6.4 shows the total cost of fertilizer subsidy program from 1962 to 

2013. 

 

Over time the fertilizer subsidy scheme has become a politically sensitive issue 

and farmers tend to believe that it is a core government responsibility to provide low 

cost fertilizer. With the growing interest on the issue some national as well as 
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international researchers have started to question this belief (Abeygunawardane, 2014; 

Bandara & Jayasuriya, 2007; Weerahewa et al., 2010; Mercier, 2013; Thibbotuwawa, 

2010; Weerahewa, 2004; Wijetunga et al., 2008; Xu et al., 2009). 

 

Figure 6.4: Cost of fertilizer subsidy, 1962-2013 

 
 

Source: Bandara and Jayasuriya (2007); CBSL (various issues) 

 

 

Most of the studies carried out to date are either descriptive or partial equilibrium in 

nature. They have captured only some direct costs and benefits of the program and 

none of them have attempted to capture overall economic impact of the program 

associated with both the production and consumption sides. The attempt of Weerahewa 

et al. (2006) at analysing national and regional welfare impact effects of the fertilizer 

subsidy and liberalization in rice using a general equilibrium framework, while timely 

and well structured, is also constrained by the lack of a disaggregated, regionally 

focused CGE model. 

 

From 2006, the government has maintained the price of a 50 kg chemical 

fertilizer bag for a small scale paddy farmer (who owns less than 5 acres of land) at 

Rs. 350 (Thibbotuwawa, 2010). With the rising world price and national inflation the 

cost of the scheme for the government has dramatically increased over time and 

currently the government has to absorb 90% of the world market price for each 

kilogram of fertilizer purchased by small scale paddy farmers (Asian Tribune-editor, 

2011). Different groups (including some politicians, economists and international 
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donor agencies working with Sri Lanka) have raised concerns in relation to this 

subsidy scheme and some have suggested that it be reduced or eliminated completely 

due to its high budgetary burden (Bandara & Jayasuriya, 2007; Mercier, 2013; World 

Bank, 2013).  

 

In practice the fertilizer subsidy for paddy farmers is indirectly allocated. That 

is the government allocation for the scheme is initially transferred to selected fertilizer 

importers and in turn these importers are supposed to distribute the low cost fertilizer 

to all small scale paddy farmers on a quota basis. Government officers responsible for 

handing agricultural activities are engaged in overseeing and facilitating this grass root 

level distribution. At the beginning of each season government agricultural officers in 

all regions collect data on the cultivated extent of all the small scale paddy farmers and 

estimate their fertilizer requirements. Next the nation-wide demand for subsidized 

fertilizer and the cost of subsidizing the required amount of fertilizer is estimated. 

Import quotas and the dollar amount of support given to each importer is then 

determined (CFCL, 2013; Wijerathna, 2012a). Since the ultimate beneficiaries of this 

scheme are paddy farmers, in the Sri Lankan SUT the value of fertilizer subsidy is 

included as a subsidy received by the paddy sector. In the Sri Lankan bottom-up CGE 

model the subsidy is considered as a negative production tax. 

 

Paddy grown rice is a highly water intensive crop and almost all the varieties 

cultivated in Sri Lanka require submerged field conditions. Even though farmers in the 

wet zone8 of Sri Lanka can cultivate paddy in a rain-fed condition, farmers in the dry 

zone require some supplementary irrigation. According to recorded history, Sri Lanka 

has had some irrigation schemes for over 2500 years and recent governments spend a 

considerable amount of resources in developing new irrigation schemes. The 

development plan of the current government also consists of a number of suggested 

new irrigation schemes and suggested improvements for existing schemes (NPD Sri 

Lanka, 2010). Rain-fed paddy farmers in the dry zone are usually able to cultivate only 

in one season and only within lands with high water holding capacity. Nevertheless 

the risk of crop failure is high for these farmers due to unreliable access to water. 

                                                 
8 Sri Lanka has three major climatic zones defined based on the annual rainfall. The area that receives 

over 2500 mm of mean annual rainfall is considered as the Wet Zone. While the areas that receive a 

mean annual rainfall less than 1750 is considered as the Dry Done. The area that receives mean 

annual rainfall of 1750 to 2500 is considered as the intermediate zone of the country. (DOA, 2014a). 
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Supply of irrigation can increase their cropping intensity, extend the land available for 

cultivation and improve productivity. According to a study from the southern dry zone 

of Sri Lanka, provision of irrigation can result in a 40% increase in cropping intensity 

and a 1.09% increase in productivity (Hussain et al., 2007). Like other parts of the Dry 

zone, Northern Sri Lanka has some ancient and recently constructed irrigation 

facilities. During the civil war period, most of those facilities were damaged by either 

military activities or by lack of maintenance and renovation, or both. The recent Sri 

Lankan development plan indicates the need to redevelop the paddy sector in Northern 

region by repairing and extending irrigation infrastructure in the region. The cost of 

improving irrigation for 40,000 ha of existing paddy lands in the region is estimated 

to be 9,439 million Sri Lankan rupees (NPD Sri Lanka, 2010). This expected budget 

is equivalent to 36% of the estimated total cost of the fertilizer subsidy in our base 

year. As discussed in more detail in Chapter 7, this provides the basis for one of the 

core policy simulations in this study. 

 

6.4. Economics of an Input Subsidy for Agriculture 

Many countries in the world are implementing various forms of subsidies for 

their agriculture industries. Even though these kinds of subsidy programs are counter 

to the neoclassical argument that any subsidy on a private good leads to an inefficient 

resource allocation, they are typically ‘justified’ based on targets for food and 

livelihood security.  

 

Fertilizers represent one of the key agricultural inputs subsidized in a number of 

developing countries in Africa and Asia. Fertilizer subsidies for maize farmers in 

African countries (like Malawi and Tanzania) as well as fertilizer subsidies for paddy 

farmers in Asian countries (like India, Sri Lanka and Malaysia) represent examples 

widely discussed in literature. Increased food security associated with increased food 

crop production, the provision of food at an affordable price, and ensuring an ongoing 

livelihood opportunity for rural poor are identified as the main benefits of these anti-

competitive fertilizer subsidy schemes. The huge burden on national budgets, 

inefficient resource allocation and environment pollution associated with overuse of 

fertilizer have been identified as the major costs of these programs (Bandara & 

Jayasuriya, 2007; Banful, 2009; Chinsinga, 2006; Fan et al., 2008; Hedley & Tabor, 
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1989; Hossain & Singh, 2000; Ricker‐Gilbert, 2013; Steve Wiggins & Brooks, 2010; 

Xu et al., 2009) . 

 

Over time the role of agriculture and agricultural subsidies in economic 

development has evolved. In the 1950’s agriculture was believed to play a passive role 

in development. In the 1960’s agriculture was considered as the engine of economic 

growth. By the 1970’s structural transformations took place in economies and taking 

the characteristics of urban areas into account, agriculture was viewed as an engine of 

growth of rural areas only. Even though the share of agriculture in domestic production 

of most of the developed and developing countries have declined, agriculture is still 

contributing a considerable fraction of rural production in most countries. Livelihoods 

of most of rural poor are woven around agriculture, or with the forward and backward 

linkage effects of this industry. Considering the growing demand for food and the 

growth impacts of agricultural development, many countries started production 

incentives for agriculture in the 1960’s. Since the cost of chemical fertilizer required 

by new improved crop varieties now represents a major share of input costs, many 

countries started to provide some chemical fertilizer at a subsidized rate for their 

farmers. The economic benefit of a fertilizer subsidy is twofold. Firstly it helps the 

producer with lowering their cost of production; it protects the less competitive 

industry and it also provides incentives for further expansion of the industry. When 

forward and backward linkage effects are considered, as well as the number of people 

other than those who directly employed, there are also GDP and employment gains in 

other sectors from a fertilizer subsidy. When the industry is growing and able to 

produce at low cost, countries can increase domestic food supply and ensure 

availability of food at low price and thereby all consumers can be benefited. Even in 

the light of globalization, production of low cost food is important since most countries 

are using various forms of non-tariff barriers in protecting their domestic agricultural 

industries (Johnston & Mellor, 1961; North, 1959; Van der Ploeg et al., 2000; 

Rosegrant & Pingali, 1994; Stangel & Harris, 1987; Steve Wiggins & Brooks, 2010; 

Van der Ploeg & Douwe, 2000; Xu et al., 2009). Figure 6.5 further explains the 

economic impact of a subsidy for an agricultural input such as fertilizer. 
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Figure 6.5: Impact of an input subsidy 

 

Source: Dorward et al. (2013) 

 

6.5. Irrigation Development Policies in Sri Lanka 

Sri Lanka has a long history of state sponsored irrigation development activities. 

The history of irrigation works in Sri Lanka runs many thousands of years backward, 

even before the Sinhalese civilization (Nijman, 1991). There is some historical 

evidence that show the existence of irrigated lands at least before the 6th century B.C 

(Fernando A.D.N. 2007). The early Indo-Aryans, who settled along river valleys and 

other suitable lands in northern Sri Lanka, cultivated rice beginning with simple 

schemes for damming rivers and storing water. Small village works, which stored 

water in reservoirs by tapping seasonal streams, spread throughout the country and 

they became characteristic of every village. These small works were probably 

undertaken communally by the landowners of the village. With the evolution of 

monarchies and the growth of royal power, the attraction of greater revenue through 

greater production made kings play an active role in the construction of more 

significant and more widespread irrigation schemes. Beginning with the reign of King 

Vasabha (who reigned AD c. 65–110), the ancient kings of the country built hundreds 

of major reservoirs and thousands of minor reservoirs to harvest rain water and 
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conserve it for agriculture. These reservoirs were created by blocking large perennial 

rivers with massive earthen dams. Most of these reservoirs were built in the country's 

north central, north-western and north-eastern dry zone regions. Nearly 700 years ago, 

the kingdom was shifted to the central hill country because of varied foreign invasions 

and malaria epidemics, which lead the impressive water tank systems to fall into 

abandonment and disrepair. Since then, the ancient hydraulic technology of Sri Lanka 

started to collapse simultaneously (Aluwihare & Kikuchi, 1991a; De Silva, 1981; 

Hussain & Wijerathna, 2004; Jogaratnam 2006; Molle & Renwick, 2005; Nijman, 

1991; Wijerathna, 2009).  

 

According to Fernando (2007), a sudden natural cataclysmic change of the river 

course of the Mahaweli Ganga had also been a reason for this collapse. In the 19th and 

early 20th centuries, agriculture and irrigation systems were further deteriorated with 

poor attention received from colonial rulers. However, restoration work of some tanks 

began during the latter part of British rule (Barker & Samad, 1998; De Silva, 1981; 

Nijman, 1991; Wijerathna, 2009). 

 

After the independence from British rule (post 1948), the government 

accelerated restoration work of their ancient tank systems and a policy of restoring 

abandoned irrigation systems was also legislated. Priority was given to schemes in the 

dry zone, with the dual objectives of reducing the prevailing population pressure in the 

wet zone by resettling some people in the northern and eastern regions and ensuring 

food security by increasing food production of the country, using the abandoned 

irrigable and fertile lands in the dry zone. Further, the new and improved livelihood 

opportunities created with this process contributed in reducing the existing rural 

poverty. The irrigated area in the Dry Zone expanded to the current level between the 

years 1850 and 2000 (De Silva, 1981; Molle, 2005; Wijerathna, 2009; Wijerathna & 

jayakodi, 2007). 

 

Several large schemes were restored with financial contributions made by the 

then governments and also by the farmers to some extent. In addition, many irrigation 

construction and rehabilitation projects were implemented with foreign assistance. The 

Gal Oya scheme constructed in 1957 was the first multipurpose scheme, and it was 

launched and completed entirely with local manpower and financial resources. This 
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project was followed by Uda Walawe irrigation development project in 1960’s and in 

1970s by Mahaweli, the largest multipurpose irrigation development scheme in Sri 

Lanka (Hussain et al., 2007; Molle & Renwick, 2005; Nijman, 1991; Wijerathna, 

2009). 

 

The aims of those multipurpose projects were not only irrigation development 

and settlement, but also hydropower generation. The Mahaweli project, which is by 

far the largest government project in the country, envisaged the development of more 

than 112, 000 ha of new (net) irrigated land and the generation of 800 MW of 

hydropower at the completion of the project (Karunatilake, 1988; MASL, 2010; 

Wijerathna, 2009). See Table 6.3. 

 

Table 6.3: Mahaweli Economic Agency irrigation systems: 

Mahaweli System Net Irrigable Area (ha) 

System“B” 24,713 

System“C” 24,995 

System“G” 5,900 

System“H” 33,600 

UdaWalawe 17,400 

System“L” 3,664 

Total 112,272 

Source: MASL (2004); Wijerathna (2009) 

 

At present, the total area under irrigation is about 600,000 ha and over 80% of these 

irrigated areas lie in the dry zone of the country. The Mahaweli authority manages the 

irrigation in Mahaweli project areas, while the Irrigation Department of Sri Lanka 

(IDSL) controls irrigation in the rest of the areas. Table 6.4 provides a summary of the 

irrigation projects managed by the IDSL. 

 

Table 6.4: Irrigation systems under the Irrigation Department 

Size of the System Number of Systems Total Area (ha) 

80 to 600 223 41,480 

600 to 1000 27 19,160 

1000 to 1200 29 40,320 

1200 to 1400 23 61,680 

Over 4000 13 132,000 

Total 313 294,640 

Source: Gamage (2002) 
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Over 80% of the irrigated farming area in the country is cultivated with paddy. 

By 2003, the total extent of asweddumized9 lands (lands prepared for paddy 

cultivation) available for rice cultivation was 741,716 hectares; of which 45%, 24% 

and 31% of the total extent were under major irrigation, minor irrigation and rain-fed 

systems respectively. In major irrigation areas, the cropping intensity is about 150%, 

whereas in minor irrigation areas it is about 100% or generally one crop a year. 

Irrigated crop yields range between 3-5 metric tons per hectare of paddy and much 

more in the case of other crops (Abayawardana et al., 2006; NPD Sri Lanka, 2006, 

2010; Sunday Times, 2003). 

 

The government development plan prepared in 2010, suggests development of 

irrigation infrastructure in almost all the paddy producing regions in the dry zone of 

Sri Lanka. In addition to the national development plan, special regional development 

plans were also prepared for all regions with more attention to comparatively low 

developed regions. The northern regional development plan titled as “Uthuru 

Wasathaya” and the eastern regional plan developed as “Nagenahira Navodaya” have 

focused special attention on developing the irrigation infrastructure in the regions in 

order to support the paddy farmers in the respective areas (NPD Sri Lanka, 2006, 

2010). These plans have been used to suggest the place-based policies simulated in 

Chapter 7 to promote the development of irrigation infrastructure in regional areas 

using funds saved from reducing the fertilizer subsidy as a place-neutral policy. 

 

The history of Sri Lankan rice production also goes back to the history of the 

nation. Up until it became a colony of Europeans in late 20th century it was self-

sufficient in rice. Hydraulic cultivation systems were a major contributor for the 

success in the industry. However during the colonial period the industry was 

deteriorated and open economic policies promoted by the colonial rulers encouraged 

importation of rice. Successive Sri Lankan governments in the post-independence era 

(after 1948) attempted to achieve self-sufficiency in rice by production supportive and 

import discouraging policies. The temporal variation of domestic rice production and 

importation during the period 1960 to 2014 is given in Figure 6.6.   

                                                 
9 Asweddumize – The word aswaddumaize indicate the “preparation of irrigable land for wet rice/paddy 

cultivation in perpetuity. Rectilinear plots of land enclosed by earth bunds are ploughed, mudded, and 

levelled to ensure uniform distribution of water by means of furrows”. This Anglo-Sri Lankan lexicon 

word is found in the second edition of the Oxford English Dictionary (OED2). (Sunday Times, 2003). 
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Figure 6.6: Production and importation of rice 

 

Source: based on Index Mundi (2015a, 2015b) 

 

The importation of rice to the country is mostly controlled through import duties and 

other taxes. For example, in 2011 rice imports were subjected to an import duty of Rs 

20/Kg, a port/airport levy of 5% and a nation building tax of 2%. In recent years the 

importation is mostly controlled and the duties and taxes on imports are manipulated 

considering the level of domestic production (De Silva, 1981; Molle, 2005; Nubin, 

2002; Tobias et al, 2012; Walisinghe et al., 2011; Wijerathna, 2009). 

 

6.6. Fisheries Sector in Sri Lankan Economy 

The fisheries sector is an important primary sector in the Sri Lankan economy. 

It contributes to 1.2% of the GDP, provides about 500,000 direct and indirect jobs and 

fulfils about 70% of the animal protein intake of the people of the country (MFARD, 

2013). The sector consists of three categories of fishing, namely marine, brackish 

water and fresh water, and it is led by the marine component which accounts for 86% 

of the total output (MFARD, 2015). Marine fishing is the main livelihood for most of 

the low income earning households of the coastal belt. Five Sri Lankan provinces 

(Western, Southern, North Western, Northern and Eastern) are bordering to the coast. 

Fisheries statisticians keep records for 15 fishing districts. The marine fishing can be 

divided into two parts, as coastal and deep sea fishing. While the coastal fishing can 
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be carried out with comparatively low cost fishing gear such as smaller boats, the deep 

sea fishing require some expensive and complex fishing gears such as larger multiday 

boats. Fisheries harbours are one of the main supporting infrastructures required by 

the industry. In addition to supporting some safer landing sites for boats, it also provide 

many other facilities such as supply of fuel for boats, storage facilities, supply office, 

etc. Even though some smaller boats can even directly land to the beach, a fisheries 

harbour is a critical requirement for larger multiday boats. Table 6.5 shows the marine 

fish production reported by different provinces and districts in year 2009 (ADB, 2009, 

2012a; NPD Sri Lanka, 2006, 2010). 

 

Table 6.5: Regional fish production 

Province Fisheries Districts Production (mt) District share Provincial share 

Southern Matara 44,180 15.1 30.8 

Galle 24,930 8.5 

Tangalle 20,990 7.2 

Western Negambo 37,490 12.8 24.4 

Kalutara 33,100 11.3 

Colombo 830 0.3 

Eastern Trincomalee 27,690 9.4 21.4 

Batticaloa 24,530 8.4 

Kalmunai 16,260 5.5 

North Western Chilaw 21,950 7.5 17.1 

Puttalam 20,010 6.8 

Mannar 8,130 2.8 

Northern Mullativu na na 4.5 

Kilinochchi na na 

Jaffna 13,080 4.5 

  Total 293,170 100   

Source: MFARD (2015) 

 

While the Southern Province has the major share of the industry in this year, the 

Northern Province which was affected by the civil war has the lowest share of the 

production in this year despite possessing the longest coastal belt. The deteriorated 

infrastructure and poor capital resources able to be accessed by fisheries in the latter 

region represents one of the main reasons for their low production.  

 

According to fisheries specialists Sri Lanka still has lot of potential for 

improving the operations of the industry. Especially in the war affected northern 

regions there remain some untapped resources. The national development plan 
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prepared by the planning ministry of Sri Lanka is projected to develop the fisheries 

sector, mainly by providing the necessary infrastructure such as improved fisheries 

harbours. While the development of fisheries harbours in all regions were proposed, 

construction of set of new fisheries harbours were proposed specifically targeted at the 

Northern region. These fisheries industry infrastructure plans were used as the basis 

for alternative place-based policy simulations in Chapter 7 (NPD Sri Lanka, 2006, 

2010). 

 

6.7. Concluding Remarks 

The purpose of this chapter is to discuss the national and regional level 

significance of the illustrative policies and sectors considered in the simulations 

carried out in Chapter 7. The paddy industry is nationally as well as regionally 

important since it provides a livelihood opportunity for a significant number of rural 

low income households in all regions of the country. The sector is also important for 

consumers in all regions since rice is the staple food of all Sri Lankans. The fisheries 

sector also provides a major source of livelihood for a considerable number of low 

income households in coastal regions. Fish is a widely used food item and a major 

protein source for consumers in all regions. Both fertilizer subsidy and irrigation 

policies are contributing to an increase of productivity and industry output in the paddy 

sector. The government policy on rice marketing has increased the demand elasticity 

of domestically produced paddy, and this in turn has enabled the sale of additional 

production resulting from improved productivity (MFSL, various). A clear picture on 

the national and regional role of those policies and sectors is useful in better 

understanding of the simulations results presented in Chapter 7. 
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 Chapter 7:  Policy Simulations with SLBMRC-GEM 

7.1. Introduction 

This chapter presents the results of policy simulations carried out with the newly 

developed SLBMRC-GEM in order to evaluate the research question stated in Chapter 

one. A novel experimental design, based on CGE simulations, is introduced for 

analysing the relative merits of alternative regional development policies of both a 

place-neutral and place-based nature. To demonstrate the usefulness of the CGE model 

for this purpose, four selected example policies were simulated both in short run and 

long run situations. While an ongoing national fertilizer subsidy scheme for all Sri 

Lankan small scale rice paddy farmers was selected as an example of a place-neutral 

policy, a suggested policy to develop improved irrigation infrastructure in the Northern 

Province was selected as an example for place-based policy in implementing the core 

experiment. In addition, a suggested policy to develop irrigation infrastructure in the 

Eastern province and another policy to develop fisheries harbours in the Eastern 

province were also considered. This was done in order to investigate the robustness of 

the core simulation results to the target region and industry of the place-based policy. 

As explained in Chapter six, the paddy sector is a crucial component of all Sri Lankan 

regional economies as well as in the national economy. The fisheries sector is also vital 

component of all regional economies, especially in the coastal regions. The Sri Lankan 

multi-regional model (SLBMRC-GEM) described in Chapter four, and the new Sri 

Lankan database for multiregional CGE model developed in Chapter five, are 

employed in the policy simulations carried out in this Chapter. The SLBMRC-GEM, 

developed based on the Australian ORANI tradition (Dixon et al., 1982) and Horridge 

(2002) was solved with the computer software GEMPACK (Harrison & Pearson, 

1996). 

 

The rest of the chapter is organized as follows. Section 7.2 presents the 

generalized form of the experimental design suggested for use in the comparative 

analysis of the economy-wide impact of alternative policies that is presented within 

this Chapter. The experiment is explained in more detail in the section 7.3. Sub-section 

7.3.1 describes the steps of the experiment, while sub-section 7.3.2 explains the 

different shocks used in each step of the experiment. The economic environments 
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assumed in the different simulations with short and long run closures are given in sub-

section 7.3.3. A concise back of the envelope model for better understanding of the 

results is presented in section 7.4. A logical illustration of the potential direct and flow-

on effects are presented in section 7.5 since this may be helpful in explaining the 

simulation results. The core results of the CGE simulations are presented in the section 

7.6. The sensitivity of the results to the parameters of the model are also considered in 

this section. The impact of the policy shocks on regional disparities is considered in 

section 7.7. Section 7.8 summarizes the growth and regional disparity reduction impact 

of the selected place-neutral and place-based policies. The last section, the section 7.9, 

presents the concluding remarks of the chapter. 

 

7.2. The Experimental Design 

The evaluation of the research question of this thesis requires a comparative 

analysis of the economy-wide impact of selected policies. According to author’s 

knowledge, there are no comparable attempts to carry out a comparative analysis of 

place-based versus place-neutral policies using CGE simulations. Even though CGE 

models cannot usefully be employed in any parametric hypothesis testing relating to 

the relative merits of two policies, they can usefully be employed in comparing two 

policies by taking their potential economy wide impacts into account. Figure 7.1 shows 

a possible experimental design.  

 

 

Source: Author 

 

As Figure 7.1 depicts alternative simulation of two policy shocks with the same 

cost of implementation, by using the same CGE model, the same base data set and also 

the same model closure assumptions, enables the comparison of those two policies by 

considering their projected economy-wide outcomes. An assumption of an existing 

Post 

simulation 
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Implementation = X 
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Implementation = X 

Figure 7.1: A generalized experimental design 
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government budget surplus can simplify the design as depicted in Figure 7.1. 

Alternatively a common method of creating some budget surplus (e.g.: a new tax) to 

cover the cost of the new projects can be simultaneously simulated with each policy. 

 

The policies for comparison can either be selected as two suggested policies or 

one suggested and one existing policy. When one selected place-neutral policy is 

already in place, the previous design can be altered (as in Figure 7.2) to contract the 

existing first policy and to implement the second suggested policy with the money 

saved by this contraction.  

 

Source: Author 

 

Since our interest is to find out the impact of implementing either policy, the 

reversing of the contracted policy back in to the original situation can hypothetically 

be considered as the selected place-neutral policy. The base economy for the policy 

interpretation can be represented by the updated dataset created by the model 

simulation to contract the first policy. The maintenance of budget neutrality is an 

advantage of this method. The design can be further simplified by splitting the 

experiment into two steps. The creating of an artificial base case can be treated as the 

first step and simulating both policies can be carried out in the second step. 

 

Simulation of the economy-wide impact of one place-based and the other place-

neutral policy with the same cost of implementation represents a possible way of 

exploring the relative merits of those policies in achieving the thesis objectives. 

Identification of two policy alternatives focusing on different types of support for the 

same industry may also contribute to the validity of any conclusions made based on 

the selected simulations. However, the consideration of policies related to an 

alternative industry is important in understanding the industry sensitivity of the results. 
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Figure 7.2: Altered experimental design 
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Similarly the same kind of place-based policies implemented in two different regions 

can provide an idea about the regional sensitivity of the outcome.  

 

7.3. The Experiment  

The core objective of the experiment is to compare the potential economy-wide 

impact of implementing the selected ongoing place-neutral fertilizer subsidy policy 

and alternatively implementing the suggested place-based policy relating to 

development of improved irrigation infrastructure in the Northern Province. Since one 

of the policies is already in place, a design with three steps based on the previously 

suggested second method was used as given in Figure 7.2. The experiment was started 

with the SLBMRC-GEM model data set for year 2011. Since the implementation cost 

of the place-based irrigation project was found to be only 20% of the existing fertilizer 

subsidy in year 2011, a 20% shift in the subsidy was selected for simulation. With the 

first step, the existing fertilizer subsidy was contracted by 20% to save adequate funds 

for implementing the selected place-based irrigation enhancement policy. The 

artificial economy represented by the balanced post simulation updated dataset was 

considered as the base case for the comparative simulations carried out in the second 

and third steps. The two effective policies considered in second and third step of the 

experiment are as follows. 

 

1. A hypothetical place-neutral policy to uniformly increase the existing 

fertilizer subsidy in all regions by 25%10 (compared to the artificial base 

case); and 

2. A suggested place-based policy to develop irrigation infrastructure in 

Northern Province. 

 

The total experiment was carried out in three steps and with nine simulations as 

described below.  

 

                                                 
10 With the first simulation (20% reduction) the original subsidy of 100 will be reduced to 80. To 

convert it back into 100, it has to be increased by 25%. 
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7.3.1. Steps and Simulations 

The nine simulations carried out in the three steps of the experiment are depicted 

in the Figure 7.3. The purpose of the first step is to create a base data set for 

implementation of the second and third step of the policy experiment. The first step 

was started with the base year dataset for year 2011. The updated dataset generated by 

the first short run simulation represents an artificial economy with a reduced fertilizer 

subsidy (80% as in 2011) and associated government surplus (equivalent to 20% of 

the subsidy in year 2011). This short run post simulation updated database was 

considered as the base case for next eight simulations. 

 

The short run impact of implementation of the two selected policies of place-

neutral and place-based nature was tested in the second step. This step has two 

simulations; i.e. labelled simulations 2 and 3.  

 

With simulation two, the short run impact of implementation of a place-neutral 

policy to increase available fertilizer subsidy for farmers in all regions by 25%11 (into 

2011 level) was tested. The impact of implementing an alternative place-based policy 

to develop irrigation infrastructure in Northern Province with the available surplus, 

was tested with the third simulation. Both of above simulations were implemented by 

fully using the available surplus generated via simulation one. Hence this step 

represents alternative possibilities for implementing two policies with same cost of 

implementation.  

 

Further to the two main simulations (2 and 3), two additional simulations were 

also carried out to test the regional and industry sensitivity of the place-based policy. 

In the fourth simulation, the target region for irrigation development was changed from 

the Northern to the Eastern Province. The impact of implementing some irrigation 

development work in Eastern Province with the same cost (as that in the Northern 

Province) was considered. This is to test the regional sensitivity of the place-based 

policy.  

 

 

                                                 
11 Same as footnote one. 
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Source: Author 
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Figure 7.3: Schematic representation of all nine policy experiment simulations 
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The fifth simulation is to test the industry sensitivity of the place-based policy. 

The impact of implementing a fisheries harbour project in the Northern Province 

(instead of the irrigation development project in the same region) utilizing the same 

budget surplus was considered. The construction phase of all irrigation development 

and fisheries harbour development projects was assumed to complete in two years and 

only the construction impact of those projects were considered in the short run 

simulation.  

 

The third step was to test the long run impact of all four policies considered in 

the second step. The sixth simulation is to examine the long run impact of increasing 

the fertilizer subsidy from the available 80% level to the 2011 level. The difference 

between the second simulation and this simulation is the economic environment 

assumed with the long-run versus short-run closure. This represents the long run 

impact of implementing a place-neutral policy with the available budget surplus. The 

impact of improved paddy productivity in the Northern Province due to the newly 

developed irrigation facilities in the Northern Province (which was carried out with 

second simulation) is considered in seventh simulation. This represents the long run 

impact of implementing a place-based policy with the same cost of implementation as 

that associated with the place-neutral policy. The eighth and ninth simulations are the 

long run counter parts of the fourth and fifth simulations respectively and are 

conducted for robustness checking purposes as explained above. With all place-based 

policies (in simulations 7, 8 and 9), the fertilizer subsidy was assumed to be remain 

unchanged (in same 80% level) during the long run simulation period. 

 

7.3.2. Shocks 

The values of the policy shocks and the model variables shocked in each of the 

previously described simulations are presented in Table 7.1. The methods used in 

calculating the values of shocks are explained in next two subsections, 

 

7.3.3. Model Closure 

The model closure represents the economic environment that we assumed in our 

policy simulations (Dixon et al., 1982; Horridge, 2002). While the creation of our 

dataset was carried out with short run assumptions, the impact of the selected place-
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neutral and all three place-based policies were analysed for both short and long run 

closure situations.  

 

Table 7.1: Summary of all policy shocks 

simulation Shocks Variable 

shocked 

sim1 Fertiliser subsidy in all regions reduced by 20%  

Land Productivity in all regions reduced by 2.4% 

delPTXrate aland 

sim2 Fertilizer subsidy in all regions increased by 25%  

Land Productivity in all regions reduced by 2.4% 

delPTXrate          

alnd ("paddy") 

sim3 Government demand for Construction in Northern province 

increased by  x=20% of subsidy at 2011  

fgov_s 

(“Northern”) 

sim4 Government demand for construction in Eastern province 

increased by 20% of subsidy at 2011 

fgov_s 

(“Eastern”) 

sim5 Government demand for Construction in Northern province 

increased by 20% of subsidy at 2011 

fgov_s 

(“Northern”) 

sim6 Fertiliser subsidy in all regions increased by 25%  

Land Productivity in all regions reduced by 2.4% 

delPTXrate        

alnd ("paddy") 

sim7 Paddy land Productivity in Northern Province increased by 

5% 

alnd ("paddy") 

sim8 Paddy land Productivity in Eastern Province increased by 

4.5% 

alnd ("paddy") 

sim9 Total Factor Productivity of fisheries sector in Northern 

province increased so that the fish output increased by 40% 

atot ("fish") 

Source: Author 

 

7.3.3.1. Short Run Closure 

The standard short run closure (used in TERM model) is basically used in 

understanding the potential short run impacts of the selected policy instruments 

(Horridge et al., 2005). Figure 7.4 is a schematic representation of the short run closure. 

At the macro level the capital stocks of industries and land endowments, investments 

by production sectors, production technology, real wages, government consumption 

and national level investments are made exogenous. While employment is nationally 

endogenous, labour is fully mobile between sectors and partially mobile between 

regions. Regional household consumption is moving together with regional factor 

income. Trade balance is endogenous with the changing imports and exports. All 

nationally endogenous variables are considered to be regionally endogenous. Though 

real investment is fixed at national level, it is regionally endogenous. The government 

spending in each region is related to regional GDP. 

 



 

191 

 

Figure 7.4: The short run closure 

 

Source: Horridge (2012a) 

 

7.3.3.2. Long Run Closure 

The standard long run closure is basically used in understanding the potential 

long run impacts of the selected policy instruments. Household and government 

consumption, investment as well as GDP are considered as endogenous, while the 

balance of trade is exogenous. On the income side, real wages and capital stock are 

considered to be endogenous; while the levels of employment, technical change and 

rate of return to capital are fixed as exogenous variables. While employment and trade 

balance are nationally fixed they are flexible within regions. Figure 7.5 is a schematic 

representation of the long run closure. 

 

7.3.3.3. Short Run Closure based Simulations  

Both the first and second steps of the experiment (Simulations 1 to 5) are carried 

out with short run model closure. In the first step, the existing fertilizer subsidy (a 

negative production tax in the model) was reduced by 20%. This percentage was 

determined so that the government saving made in two years (that we assume as the 

short run period in our simulation) is adequate to finance the cost of implementing the 

next selected policy, namely to develop irrigation for 40,000 ha of paddy lands in the 

Northern Province as suggested in the development plan of the government (NPD Sri 

Lanka, 2010). When the fertilizer subsidy is reduced, firstly it increases the cost of 

production of paddy industry and some farmers will tend to reduce their use of 
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fertilizer. As a result the productivity of the paddy sector may fall. The possible short 

run productivity loss in all provinces in the country is assumed to be similar and the 

possible productivity loss is calculated based on the findings of (Wijetunga et al., 

2008). 

 

Figure 7.5: The long run closure 

 

Source: Horridge (2012a) 

 

 

 

In the Sri Lankan I-O tables as well as in the SLBMRC-GEM model, the 

fertiliser subsidy is treated as a negative production tax. The variable “delPTXrate” 

(the variable that indicate the change in the production tax rate) in our model was 

uniformly shocked with a positive value for all regions so that the total value of the 

negative production tax in the paddy industry is reduced by 20% (for example, the 

initial production tax of -100, was changed to -80). According to Wijetunga et al. 

(2008), the removal of the fertiliser subsidy entirely may reduce the productivity of 

paddy lands by 12%. Assuming this productivity change is linearly changing with the 

proportion of the subsidy, the potential loss of output in our simulations is estimated 

to be 2.4%. Since the increase of technical coefficient of land, “alnd” in our model, 

represents a reduction of productivity, the variable “alnd” was shocked with a positive 

value so that the corresponding output is reduced by 2.4% 
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The re-establishment (or increase of the reduced) subsidy to the original level in 

all regions was considered with the second simulation. The objective of this simulation 

is to understand the economy-wide impact of a place-neutral policy to increase the 

existing fertilizer subsidy by 25% (worth 20% of the subsidy level in year 2011). The 

variable “delPTX” rate was shocked with a negative value so that the negative 

production tax is increased to the 2011 level (i.e: the initial “ptax” of -80, was changed 

to -100 at post simulation situation). As above the corresponding productivity increase 

was introduced to the model by negatively shocking the technical coefficient variable 

of land (“alnd”). 

 

The objective of the third simulation is to identify the economy-wide impact of 

a place-based policy to develop irrigation facilities in a single province (the Northern 

Province). Development of improved irrigation infrastructure in the Northern Province 

has two direct impacts. In the short run (or during the construction phase) it induces 

regional demand for construction sector activities and secondly in the operational 

phase it induces the regional production levels in the paddy sector by allowing 

increasing cropping intensity and enhanced productivity. Since development of 

irrigation facilities is to be implemented as a government project, the government 

demand for the construction sector in the Northern Province is shocked in the short 

run by the estimated annual cost of construction of these facilities, namely by Rs 5,364 

million. The construction of the irrigation project was assumed to be completed in two 

years and to provide benefit from the third year. So during the short run, productivity 

improvement is not considered. For simplicity, any potential productivity reduction 

during the construction phase due to the interruption to existing water supply is also 

disregarded.  

 

In addition to the above two simulations, another two simulations (simulations 

4 and 5 in Table 7.1) were carried out to check the robustness of the impacts of the 

place-based policy. Firstly, the implementation of the place-based irrigation 

enhancement policy is changed from the Northern to the Eastern province to check the 

regional sensitivity of the results. Even though the implementation cost of the already 

suggested irrigation development policies in Eastern Province is higher than that of 

previously considered Northern irrigation development projects, the possible effects 

of implementing irrigation development activities with a cost similar to the cost of 
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irrigation in the Northern Province is considered for the comparative purpose. Hence 

in the fourth simulation, the government demand for construction was increased by 

shocking the variable “fgov_S (Eastern)”. 

 

In the fifth simulation, the place-based policy of developing irrigation facilities 

is changed into a project that construct new fisheries harbours to support the fishing 

industry in the Northern province. This shock is important in understanding the 

sensitivity of the industry to the results of the policy simulations. The cost of 

implementation of a fisheries harbour and its potential benefits were calculated based 

on a suggested project in Silawatura in Northern Province and some already completed 

harbours in the Southern province. Even though the cost of the suggested fisheries 

harbours in Northern Province are less than the cost of already considered irrigation 

project, a hypothetical project with the same cost as the irrigation development project 

was considered in our policy simulations. 

 

All of the above-mentioned simulations were conducted using a comparative 

static method and utilized a short run closure. The nominal exchange rate is considered 

to be exogenous and the numerary for all simulations. The model with its linearized 

equations was solved with the GEMPACK software (Harrison et al., 2012) using an 

Euler three step solution method. 

 

7.3.3.4. Long Run Closure based Simulation  

The four simulations carried out in the third step (simulations 6-9) were carried 

out with the long run closure.  

 

The fifth simulation represents the long run impact of increasing the fertilizer 

subsidy as per simulation 1. The shocks used in the sixth simulation were similar to 

that of simulation 2, while the closure (or the assumed economic environment) was 

changed to the long run.  

 

Simulations 7 to 9 represent the operational phases of the place-based irrigation 

and fisheries harbour development policies associated with simulations 3-5 

respectively. The irrigation projects, as well as the fisheries harbour project, were 

expected to be completed during the short run period that we have previously 
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considered. The impacts of place-based policies were analysed with the assumption 

that the fertilizer subsidy was not re-established to its 2011 level during our simulation 

period. 

 

With the irrigation development projects, the positive impact on the paddy 

sector’s output is analysed by shocking the productivity parameters of the paddy 

sector. The productivity change associated with improved paddy land is assumed to 

bring the Northern Province up to the same productivity as that of the Southern 

Province reported by Hussain et al. (2007). As a result the overall productivity 

improvement in the paddy sector of the Northern Province is estimated to be 5%. With 

the irrigation project in the Eastern province the productivity of the paddy sector of 

this province was estimated to increase by 4.5%. In simulation seven, the technical 

coefficient to represent the productivity of paddy lands, the “aland” (paddy, northern) 

variable, was shocked with a negative value so that the output of paddy is increased 

by 5%. In simulation eight, the technical coefficient to represent the productivity of 

paddy lands in eastern province, the “aland” (paddy, eastern) variable was shocked 

with a negative value so that the output of paddy is increased by 4.5%.  

 

Based on the estimated production improvements given by the Planning 

Ministry, the potential increase in output of the fisheries industry in the Northern 

Province with the simulated fisheries harbour project was estimated to be 40%. The 

total factor productivity variable was shocked in simulation nine such that the output 

of this sector is increased by 40%. 

 

7.4. Potential Direct and Flow on Effects  

The economy-wide impact of any policy shock can be decomposed into two as 

direct and flow-on effects. The immediate or direct impact of the shock occurs on the 

industry and the region that we changed with our policy shock. This direct impact will 

cause some flow-on effects on other industries and regions due to multiplier impacts 

resulting from various forward and backward linkages. The flow-on industry effects 

are generally comparatively smaller, and the magnitude of this effect on other 

industries, in turn, depends on the strength of the linkages with the originating industry. 

The flow-on interregional effects of a regional, or place-based, shock also depends on 

the forward and backward linkages of the impacted regional industry. A prediction of 
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potential impacts based on some theoretical insights and the researcher’s 

understanding about the Sri Lankan economy is helpful in better understanding of the 

results of any policy simulation. The expected direct and flow-on effects of our policy 

shocks are briefly explained in the following sub-sections. 

 

7.4.1. Potential Impact of Place-neutral Policy to Increase the Fertilizer 

Subsidy for Paddy Farmers in All Regions 

As it is explained in Chapter six, in the Sri Lankan model, the fertilizer subsidy 

is treated as a negative production tax. This is mainly due to the allocation mechanism 

of the subsidy. An increase of the fertilizer subsidy is modelled as an increase in a 

negative production tax. The immediate impact of an increase in the fertilizer subsidy 

is the reduction in cost of production of paddy. The reduced cost of production 

encourages farmers to increase their cropping intensity and to use more fertilizer. 

Those farmers who do not use adequate fertilizer may now tend to use the 

recommended amount of fertilizer. However the maximum amount may be controlled 

with the government’s quota system. Increased fertilizer use and higher cropping 

intensity will lead to increased yields and hence an expansion of total production of 

the industry. Consequently the supply function of paddy is shifting to right. The paddy 

rice produced by the paddy industry is next going to the rice processing industry as an 

input. Reduced price and increased supply of paddy rice leads to a rightward shifting 

of the supply curve of processed rice. Processed rice is the staple food of all most all 

the Sri Lankans. As a result the reduced price of such rice leads to an increase of 

consumer welfare. A reduction of price of this major consumption commodity 

(processed rice) will also lead to reduction in the CPI, as well as a reduction in the 

prices of some other goods that utilise rice.  

 

When the quantity of land is fixed in the model, both the increase of yield and 

output can be explained as an increase of the productivity of land. The labour use in 

the industry is also increased with the rising cropping intensity. From the income side, 

both the expansion of labour use in the paddy industry and the productivity increase 

associated with land leads to an increased income for farmer households. Consequently 

this also leads to increase in the real consumption of households. Figure 7.6 provides 

an illustration of the potential impacts of this policy shock. 
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The other flow-on effects of a fertilizer subsidy increase are due to the backward 

and forward linkages associated with the paddy, fertilizer and rice industries. Since the 

paddy industry has some strong linkages with several other industries, a considerable 

amount of flow-on effects can also be expected. Supporting services such as transport, 

finance, and agrochemicals may be highly influenced while many other associated 

industries may also have some impact. 

 

The direct impact of the policy in both the short and long run situations are 

similar. However the magnitude of the impacts will be different with the different 

closure assumptions. Since capital is mobile in long run, more capital is accumulated 

within relatively more profitable industries. Hence the pattern of the industry effect in 

short and long run situations may be considerably different. In the short run, when real 

wages are fixed, the rising demand for labour can be explained as an increase in 

employment. But in the long run, when the level of employment is fixed, the increasing 

demand for labour may result in rises in real wages.  
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Source: Author 
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 Figure 7.6: Impact of a fertilizer subsidy increase 
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7.4.2. The Potential Impacts of Place-based Policy to Develop Irrigation 

Infrastructure in Northern Province 

Water is a one of the crucial inputs in paddy production. Even though some 

regions with higher rainfall can cultivate paddy only with rainwater, supplementary 

irrigation water is important in reducing the potential crop failures. Supply of irrigation 

water leads to an increase in yield (by reducing the stresses to the plant), a reduction 

in crop failures, and an increase in effective cultivated extent. Some lands cultivated 

only in one season with natural rain conditions may be cultivated in two seasons with 

access to irrigation. When land is fixed in the model, the net effect of irrigation can 

also be understood as an increase in the productivity of paddy lands. 

 

Our experiment is to develop irrigation water supply with some rehabilitation 

of existing irrigation systems as well as new construction. In the Sri Lankan context 

all the irrigation development work is considered as a responsibility of the government, 

and some relevant government authorities manage the irrigation development and 

operational activities. Since water is provided to all farmers free of charge, the Si 

Lankan model does not have any irrigation sector. Hence the government demand for 

construction was shocked each year with half of the total cost of our simulated 

irrigation development project under the assumption that the construction phase of the 

irrigation project would be completed within two years. 

 

When the construction sector is shocked with increased demand, it results in 

an increase in labour used in construction as well as some derived demand in other 

sectors that provide inputs to the construction industry. The derived demand means 

that some input supplying regions can be benefited and some regions with competing 

industries can possibly be negatively affected. 

 

Figure 7.7 provides an illustration of the potential impacts of this policy shock.  
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Source: Author 
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Figure 7.7: Impact of irrigation development in Northern Province 
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7.4.3. The Potential Impact of Place-based Policy to Develop Irrigation 

Infrastructure in Eastern Province 

When the target region of our simulated irrigation development project is 

changed from the Northern to the Eastern Province the direct impact will now be 

observed in Eastern Province while other regions may be affected with flow-on effects. 

The direct effect, depicted as the expansion of the construction industry, can be 

proportional to the regional share of the construction sector at the base case. However 

the contribution to national economy may be almost equal to the previous case with 

the Northern Province irrigation development project. 

 

7.4.4. The Potential Impact of a Place-based Policy to Develop some Fisheries 

Harbours in Northern Province 

 

When we change our policy shock target to fisheries and construct a new 

fisheries harbour in the Northern Province instead of the previous irrigation 

development project, the demand structure of the construction sector should ideally be 

different. But since we have only one common construction sector to represent all 

kinds of construction our short run shocks for constructing irrigation infrastructure and 

fisheries infrastructure are not different. However in the long run the benefited 

industries are different. 

 

7.5. A Back of the Envelope (BOTE) Model for Explaining the Results 

The simulation results of a CGE model is generated by solving thousands of 

equations simultaneously. Though the model results consist of number of different 

results sheets, we may be primarily interested in some core variables that help to 

answer our research question. An aggregated version of the model consisting of a  set 

of a manageable number of simplified equations, often referred to as a back of the 

envelope model, is commonly used by modellers in explaining the core results of a 

simulation (Adams, 2005). The history of using a BOTE model in explaining results 

goes back to Johnsen (Dixon & Rimmer, 2010). The equations in the BOTE model can 

be selected according to the model, its closure and the policy simulations. While a full 

BOTE model is useful in providing a convincing and mostly qualitative description 

about the path of entire simulation, a few selected equations for the GDP identity can 

be used in providing a quantitative verification of the model results (Dixon & Rimmer, 
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2004, 2013). Usually the BOTE models are good for explaining CGE results in top 

down fashion, starting from macro results and moving on to micro results (Dixon & 

Rimmer, 2013).  

 

The potential first round effects of our shocks are explained in section 7.4. A few 

selected BOTE equations for the GDP identity are used in section 7.6, aimed to assist 

in understanding the total impact of our policy shocks starting from the bottom up 

model. 

 

7.6. Results of Policy Simulations 

This section presents the results of the various policy simulations. The results of 

all of the CGE simulation can simply be described as the projected percentage changes 

of endogenous variables for given changes or shocks in exogenous variables compared 

to the base or initial economy. All policies other than the simulated policies were 

assumed to be constant during all simulations. Any tendency for timely variations in 

variables due to any other factors (than our shocks) during our short and long run 

situations were also disregarded. 

 

As described in previous sections, the objective of the experiment carried out in 

this thesis is to understand the relative importance of selected place-neutral and place-

based policies in improving the national economic growth and reducing regional 

economic disparities. While the growth objective of the policies is explained with the 

national GDP values, the regional disparity reduction consequences of the policy 

shocks are explained with the various regional GDP values.  

 

The experiment was carried out with nine simulations. Since the only purpose of 

the first simulation was to generate an artificial base case for next eight simulations, 

the results of the first simulation are not reported or interpreted. However our second 

simulation is similar to a reverse of the first simulation. The second and sixth 

simulations are important in understanding the short and long run impact of the 

selected place-neutral policy to increase the fertilizer subsidy. The third and sixth 

simulations are used to understand the economy-wide impact of the selected place-

based policy of developing irrigation facilities in the Northern Province. Our results 

interpretation mainly considers the above four shocks related to our two main example 
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policies. The results of the additional place-based shocks carried out for checking the 

robustness of our main policy shock choices are only briefly explained. Although the 

output of model is useful in explaining hundreds of variables related to our economy, 

only some highly relevant variables are considered in our presentation of results in this 

thesis. Since our subsequent policy impact interpretation is based on national and 

regional GDP changes, all of our result interpretations are focused on GDP changes. 

Other reported variables are mostly considered in explaining the changes in national 

and regional GDP values.  

 

All of our results tables are presented in such a way that the impact of the 

implementation of place-neutral and place-based policies can easily be compared. The 

results are explained in four steps within in next 4 subsections as follows. Section 7.6.1 

shows the impacts of the policy shocks on national level macro variables, while section 

7.6.2 presents the regional level macro impacts. Section 7.6.3 decomposes the regional 

level GDP results, while section 7.6.4 presents the sectoral results and provides some 

back of the envelope explanation of the macro results. The sensitivity of the reported 

results to the values of the parameters in the model is considered in section 7.6.5.   

 

7.6.1. National Macro Results 

This section presents the results of our policy simulations on selected national 

macro variables. A summary of projected short and long run impacts of the selected 

place-neutral and place-based policies are given in the Table 7.2. Short and long run 

results are explained separately in next two subsections. 

 

7.6.1.1. Short Run Impacts 

In the short run situation, the national GDP is projected to rise by 0.114% with 

our place-neutral policy (i.e., an increase in fertilizer subsidy) in comparison with the 

small value of the projected increase of national GDP of 0.052 with the placed based 

policy, (i.e., development of Northern irrigation projects). A similar pattern of impacts 

were projected with the two alternative place-based policies to develop irrigation 

infrastructure in the Eastern province and fisheries harbours in the Northern Province.  
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Table 7.2: Impact of the simulations 2 to 9 on national macro variables 

  Short Run Long Run 

  Place-

neutral 

Place-based Place-

neutral 

Place-based 

  Sim 2 

(Fertilizer 

subsidy) 

Sim 3 

(Northern 

Irrigation) 

Sim 4 

(Eastern 

Irrigation) 

Sim 5 

(Northern 

Fisheries) 

Sim 6 

(Fertilizer 

subsidy) 

Sim 7 

(Northern 

Irrigation) 

Sim 8 

(Eastern 

Irrigation) 

Sim 9 

(Northern 

Fisheries) 

Real GDP 0.114 0.052 0.051 0.052 0.042 0.006 0.009 0.097 

Ag. Employment 0.184 0.101 0.100 0.101 Exogenous 

Real Wage Exogenous 0.183 0.018 0.029 0.141 

Ag. Capital Stock Exogenous 0.090 0.010 0.015 0.058 

Ag. Real HH 

consumption 

0.188 0.102 0.086 0.102 0.042 0.006 0.009 0.097 

Ag. Real 

Investment 

Exogenous 0.090 0.015 0.021 0.130 

Ag. Real Gov 

consumption 

Exogenous 0.501 0.503 0.501 Exogenous 

Real exports 0.060 -0.183 -0.153 -0.183 -0.012 -0.001 0.000 0.103 

Real Imports 0.085 0.123 0.120 0.123 0.030 0.005 0.008 0.077 

CPI -0.013 0.089 0.073 0.089 -0.050 -0.005 -0.008 -0.034 

GDPPI -0.036 0.105 0.090 0.105 -0.032 -0.003 -0.005 -0.020 

Export PI -0.014 0.039 0.033 0.039 -0.005 0.000 -0.001 -0.072 

Source: Results of SLBMRC-GEM Simulations 

 

The rise in GDP associated with both policies agrees with our predictions that 

were described in section 7.4. The summary results presented in Table 7.2 can be 

explained with some back of the envelope equations for the income and expenditure 

side of GDP calculations extracted from our model. Our two main policies to increase 

fertilizer subsidy and develop irrigation infrastructure in Northern Province are 

considered in this section. The reason for lower national level GDP impact with the 

place-based policy can be explained via industry level impacts that are discussed in 

section 7.6.4. At the macro level, the rise in GDP with our shocks can mainly be 

explained as a result of the rise in employment projected. With our place-neutral 

policy, the level of aggregate employment has increased by 0.184 % while it has been 

increased by 0.102% with our place-based policy. Further the increase in land 

productivity also contributes to the rise in GDP. This can be further verified with the 

BOTE model using both the income side GDP calculation and the expenditure side of 

GDP calculation. 

 

In our model, the change in GDP is calculated by using the following income 

side equation: 

 y = SK * k +SL * l + SN * n + A + tax  (7.1) 
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where y is GDP (calculated from income side), k is change in return to capital, L is 

change in return to labour, N is change in return to land, and SK, SL and SN are shares 

of GDP in the base case from capital, labour and land respectively. The variable ‘tax’ 

indicates a sum of changes in all different tax components. A is change in GDP due to 

technological changes, and it is a sum of changes in seven technical coefficients as 

follows: 

 

A = alnd + acap + alab + aprim + atot + aint_s + atradmar 

 

Where, alnd, acap, alab, aprim, atot, aint_s and atradmar are the changes in GDP due 

to technical change in the land, capital, labour, all primary factors, all factors and 

margins respectively. 

 

From the database for our initial or base economy, values of SK, SL, SN can be 

estimated as 0.3, 0.5 and 0.04. The share of tax in the initial economy is 0.11.  

 

In the short run we assume that both capital and land are fixed. Even though all 

technological coefficients are assumed to be unchanged in the short run, the 

technological coefficient for land is changing since productivity is improving with the 

changes in the use of fertilizer. Since both K, N and all technological coefficients other 

than alnd is equal to zero, the above equation can be reduced for short run situation as:  

 

y = SL * l + alnd + tax 

 

As given in Table 7.2, with an increase in fertilizer subsidy the aggregate 

employment is projected to increase by 0.184. The contribution of technical change 

(or land productivity increase) and changes in tax can be found from the contribution 

tables as 0.026 and 0.093. As the following equation shows, while the change in 

employment has contributed to a major part of the GDP change, the technical change 

and tax changes are responsible for the rest. Even though a productivity improvement 

in land is usually resulting in some loss of employment, this is not happening with the 

Sri Lankan paddy sector since the demand for the domestically produce rice is 

(assumed to be) elastic given the current government policies on rice importation. 
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y=SL * l + alnd + tax = 0.184*0.50+0.019+0.003 = 0.114 

 

Similarly, we can also trace the total GDP change with our main place-based 

policy as follows. Since all the technological change coefficients are constant during 

the short run phase, the above equation can be further reduced for place-based policies 

as: 

 

y=SL * l + tax 

 

With irrigation development in the Northern province, l=0.101 and tax =0.001 such 

that:  

 

y=SL * l + alnd + tax =0.101*0.50+0+0.001 = 0.052 

 

As the above equation explains, the total GDP impact of the place-based policy in the 

short run or construction phase is mainly due to the changes in employment. The 

change in tax income has also contributed to a minor share. 

 

The impact on GDP can also be explained from the expenditure side. In our 

model GDP is calculated by using the expenditure side as follows: 

 

Y = C + I + G + In + (X – M) 

 

where, Y is GDP, C is consumption, G is government (consumption) expenditure, X 

is exports, M is imports and In is the value of stocks (inventories). 

 

The change in GDP can be calculated with the equation: 

 

 y= SC * c + SI * I + SG *g + Sin * in + (SX *x – SM * m) (7.2) 

 

Where y is change in GDP and SC, SI, SG, SX, SM, Sin are shares of consumption, 

investment, government expenditure, export, import and inventories respectively in 
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our initial GDP and c, i, x, m and in are percent changes in consumption, investment, 

government expenditure, export, import and inventories respectively with respective 

to the in base case. 

 

The share of consumption, investment, government expenditure, exports, 

imports and inventories can be estimated with our database for the economy. However 

with our short run simulation, real investment and real government expenditure are 

fixed. The change in real consumption, exports and imports were given in the Table 

7.2. The contribution of the inventories into GDP change, “Sin*In” can be directly 

read from the contributions table. 

 

Table 7.3 explains the contribution of expenditure side variables to the total GDP 

change occurring as a result of our two main policy shocks in the short run situation. 

 

Table 7.3: Change in GDP (from expenditure side) 

   (C) 

Household 

Consumption 

(I) 

Investments 

(G) 

Government 

consumption 

(Inv) 

Stocks 

(X) 

Exports 

(M) 

Imports 

(Y) 

GDP 

 Share in Base 

case (1) 
0.648 0.258 0.167 0.014 0.285 -0.372 1 

With 

Place-

neutral 

Policy 

% change with 

simulation (2) 
0.187 0 0 0.495 0.059 0.085 0.114 

contribution to 
% change in 

GDP (1) X (2) 

0.122 0 0 0.007 0.017 -0.031 0.114 

With 

Place-

neutral 

Policy 

% change with 

simulation (3) 
0.101 0 0.5 -5.806 0.102 0.123 0.052 

contribution to 

% change in 
GDP (1) X (3) 

0.066 0 0.084 -0.081 0.029 -0.046 0.052 

Source: Authors calculations based on SLBMRC-GEM Simulations 

 

7.6.1.2. Long Run Impacts  

Even in the long run, both of our main place-neutral and place-based policy 

shocks are projected to increase the GDP via some induced economic activities. The 

place-neutral policy to increase the fertilizer subsidy generates considerably higher 

impacts compared to the place-based policy to develop irrigation infrastructure in the 

Northern Province as well as the Eastern province. However the projected long run 

impacts of fisheries harbour development project is larger, generating twice the impact 

of the place-neutral policy in terms of national GDP effects. Next, the projected long 

run effects of the place-neutral and place-based irrigation policies are lower than that 
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of the corresponding short run effects. The magnitude of long run real GDP impacts 

are 50% lower than the short run effects with our place-neutral policy shock, and 20% 

lower than the short run effects of our placed-based irrigation policy shock. However 

the projected long run effects of the place-based fisheries harbour project are about 

twice as large as the corresponding short run impacts. These differences are mainly 

due to the assumption of mobility of labour between industries and the allocation of 

new capital among profitable industries. This can be further explained by examining 

the industry level flow-on impacts. The long run GDP impact of our place-neutral 

policy is larger than that of place-based irrigation policy. However the projected long 

run effects of the place-based fisheries harbour development policy is higher than the 

place-neutral fertilizer subsidy increase policy. The difference between alternative 

place-based policies is associated with the projected productivity improvement 

associated with the new supporting infrastructure provided with each policy.  

 

The projected GDP change in the long run can further be explained with the back 

of the envelope equation for income and expenditure side GDP calculations. Though 

we assume real wages to be fixed in the short run while employment is endogenous, it 

is other way round in long run. Similar to the short run assumption, government 

consumption is fixed in long run as well. Hence the following equation can be derived 

to calculate the income side of GDP change in the long run:   

 

y = SK * K + SL * L + tax 

 

7.6.2. Regional Macro Results 

During a simulation, our model firstly estimates regional results and the 

national results are secondarily calculated as weighted averages of the corresponding 

regional results. The link between regional and national results is demonstrated in 

Table 7.4 with the national and regional GDP results of our short run simulations. 

 

The national level GDP is calculated by summing up all regional level GDP 

values. Hence: 

𝑌 = ∑ 𝑌𝑟

𝑟

1
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And the percent change in national level GDP is equal to a weighted average of percent 

change in regional GDP. Hence: 

𝑦 = ∑ 𝑆𝑟 ∗ 𝑦𝑟

𝑟

1

 

 

where y is percent change in national GDP, Sr is share (contribution) of region r in 

national GDP in base year, and yr percent change in the regional GDP in region r. 

 

Table 7.4: National and regional GDP (in short run) 

 Sr Yr SrYr 

  GDP 

share 

Place-

neutral 

policy 

place-

based 

policy 

1 

place-

based 

policy 

2 

place-

based 

policy 

3 

Place-

neutral 

policy 

place-

based 

policy 

1 

place-

based 

policy 

2 

place-

based 

policy 

3 

Western 0.453 0.081 -0.011 -0.010 -0.011 0.037 -0.005 -0.005 -0.005 

Southern 0.106 0.136 0.006 0.002 0.006 0.014 0.001 0.000 0.001 

Sabara-

gamuwa 

0.059 0.150 0.001 0.002 0.001 0.009 0.000 0.000 0.000 

Central 0.098 0.131 0.016 0.018 0.016 0.013 0.002 0.002 0.002 

Uva 0.046 0.194 0.014 0.022 0.014 0.009 0.001 0.001 0.001 

Eastern 0.060 0.209 0.020 0.842 0.020 0.013 0.001 0.051 0.001 

North Western 0.093 0.189 0.013 0.009 0.013 0.018 0.001 0.001 0.001 

North Central 0.050 0.425 0.040 0.019 0.040 0.021 0.002 0.001 0.002 

Northern 0.037 0.195 1.341 0.011 1.341 0.007 0.050 0.000 0.050 

y           0.114 0.052 0.051 0.052 

Source: Authors calculation based on SLBMRC-GEM Simulations 

 

The regional macro results of all four policy shocks in short and long run 

situations are presented in Tables 7.5 and 7.6. As Table 7.5 shows, with all policies 

different regions have been differently affected in the short run situation. For example, 

with our place-neutral policy the real GDP of major paddy producing regions (North 

Central and Eastern) have been affected with 0.425 and 0.209 percent changes in GDP 

respectively. The real GDP change in the Western region is mostly induced with the 

multiplier impacts created by the supporting services to the paddy industry. The 

observed variation in the contribution in other regions is mainly associated with the 

share of directly affected paddy industry in the GDP of each region. This is further 

explained using our industry results in section 7.6.4. With the place-based policy of 

developing irrigation in Northern, the direct impact (due to the induced construction 

sector in the region) only occurs in the Northern region. However all other regions also 
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receive some comparatively smaller impacts with the multiplier effects resulting from 

forward and backward linkage mechanisms. The negative impact observed in the 

Western region is due to the effects of resource competition on similar industries 

located in the leading Western region. This is also further explained with our industry 

results.  
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Table 7.5: Regional macro result (part 1): 

  Place-neutral policy – Fertilizer Subsidy Place-based policy 1  – Northern Irrigation Development 

SR 

 Western Southern Sabara-
gamuwa 

Central Uva Eastern North 
Western 

North 
Central 

Northern Western Southern Sabaraga
muwa 

Central Uva Eastern North 
Western 

North 
Central 

Northern 

Real GDP 0.081 0.136 0.150 0.131 0.194 0.209 0.189 0.425 0.195 -0.011 0.006 0.001 0.016 0.014 0.020 0.013 0.040 1.341 

Ag. employment 0.151 0.202 0.241 0.218 0.303 0.262 0.286 0.559 0.262 -0.005 0.014 0.006 0.032 0.029 0.037 0.027 0.073 2.317 

Real Wage 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Ag. Capital Stock 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Ag. Real HH cons. 0.151 0.202 0.241 0.218 0.303 0.262 0.286 0.559 0.262 -0.005 0.014 0.006 0.032 0.029 0.037 0.027 0.073 2.317 

Ag. Real Invest. -0.024 -0.015 0.010 0.017 0.042 0.003 0.020 0.105 0.016 -0.077 -0.061 -0.061 -0.050 -0.039 -0.031 -0.052 0.002 1.132 

Ag. Real Gov cons. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 7.412 

Real exports 0.081 0.080 0.084 0.055 0.064 1.021 0.083 0.035 0.082 -0.182 -0.231 -0.221 -0.260 -0.272 -0.335 -0.258 -0.355 -0.818 

Real Imports 0.061 0.097 0.135 0.110 0.165 0.101 0.152 0.357 0.112 0.000 0.035 0.031 0.050 0.055 0.063 0.050 0.102 2.903 

CPI 0.017 -0.029 -0.038 -0.016 -0.050 -0.090 -0.042 -0.119 -0.056 0.067 0.079 0.079 0.087 0.094 0.102 0.086 0.106 0.320 

GDPPI 0.067 -0.067 -0.025 0.061 -0.075 -0.328 -0.132 -0.665 -0.233 0.063 0.073 0.067 0.099 0.117 0.104 0.088 0.134 0.763 

Export PI -0.019 -0.020 -0.021 -0.016 -0.018 -0.197 -0.020 -0.011 -0.020 0.039 0.047 0.045 0.052 0.054 0.065 0.052 0.071 0.183 

LR 

Real GDP -0.054 0.093 0.088 0.065 0.137 0.220 0.117 0.417 0.175 -0.004 -0.002 -0.001 0.000 -0.005 -0.004 -0.004 -0.010 0.272 

Ag. employment -0.083 0.029 0.030 0.013 0.066 0.116 0.044 0.233 0.084 -0.007 -0.005 -0.004 -0.003 -0.008 -0.007 -0.007 -0.014 0.166 

Real Wage 0.133 0.245 0.246 0.229 0.282 0.332 0.260 0.449 0.300 0.012 0.014 0.015 0.016 0.011 0.012 0.012 0.005 0.185 

Ag. Capital Stock -0.011 0.170 0.166 0.144 0.209 0.333 0.181 0.553 0.264 0.001 0.000 0.001 0.005 -0.007 -0.007 -0.004 -0.018 0.361 

Ag. Real HH cons. -0.119 0.105 0.107 0.072 0.178 0.279 0.135 0.512 0.215 -0.007 -0.004 -0.002 0.000 -0.009 -0.008 -0.007 -0.021 0.339 

Ag. Real Invest. 0.011 0.144 0.127 0.133 0.171 0.239 0.145 0.370 0.208 0.003 0.007 0.006 0.008 0.003 0.006 0.004 0.003 0.223 

Ag. Real Gov cons. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Real exports -0.011 -0.067 -0.035 -0.048 -0.059 2.082 -0.056 -0.212 -0.082 -0.001 -0.005 0.000 -0.001 0.002 0.177 0.000 0.015 -0.006 

Real Imports -0.056 0.091 0.060 0.054 0.119 0.207 0.079 0.401 0.168 -0.003 0.000 -0.003 0.000 -0.006 -0.002 -0.006 -0.016 0.240 

CPI -0.019 -0.069 -0.088 -0.063 -0.109 -0.133 -0.090 -0.152 -0.102 -0.001 -0.004 -0.006 -0.004 -0.007 -0.008 -0.006 -0.014 -0.045 

GDPPI 0.064 -0.029 -0.021 0.055 -0.123 -0.256 -0.127 -0.637 -0.232 0.007 0.001 0.001 0.006 -0.005 -0.013 -0.005 -0.039 -0.110 

Export PI -0.007 0.003 -0.004 -0.001 0.001 -0.404 0.001 0.032 0.008 0.000 0.001 -0.001 0.000 -0.001 -0.035 -0.001 -0.003 0.002 

Source: Results of SLBMRC-GEM Simulations 
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Table 7.6:  Regional macros (part 2) 

   Place-based policy 3 – Eastern Irrigation Development Place-based policy 3  –  Northern Fisheries Habour Development 

SR 

  Western Southern Sabara-
gamuwa 

Central Uva Eastern North 
Western 

North 
Central 

Northern Western Southern Sabara-
gamuwa 

Central Uva Eastern North 
Western 

North 
Central 

Northern 

Real GDP -0.010 0.002 0.002 0.018 0.022 0.842 0.009 0.019 0.011 -0.011 0.006 0.001 0.016 0.014 0.020 0.013 0.040 1.341 

Ag. employment -0.006 0.007 0.007 0.035 0.043 1.365 0.019 0.037 0.023 -0.005 0.014 0.006 0.032 0.029 0.037 0.027 0.073 2.317 

Real Wage 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Ag. Capital Stock 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Ag. Real HH cons. -0.006 0.007 0.007 0.035 0.043 1.365 0.019 0.037 0.023 -0.005 0.014 0.006 0.032 0.029 0.037 0.027 0.073 2.317 

Ag. Real Invest. -0.069 -0.052 -0.054 -0.054 -0.034 0.592 -0.054 -0.032 -0.034 -0.077 -0.061 -0.061 -0.050 -0.039 -0.031 -0.052 0.002 1.132 

Ag. Real Gov cons. 0.000 0.000 0.000 0.000 0.000 3.846 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 7.412 

Real exports -0.153 -0.198 -0.196 -0.245 -0.289 -0.441 -0.215 -0.250 -0.243 -0.182 -0.231 -0.221 -0.260 -0.272 -0.335 -0.258 -0.355 -0.818 

Real Imports -0.001 0.028 0.028 0.052 0.072 1.631 0.041 0.060 0.043 0.000 0.035 0.031 0.050 0.055 0.063 0.050 0.102 2.903 

CPI 0.055 0.067 0.067 0.077 0.090 0.194 0.071 0.076 0.086 0.067 0.079 0.079 0.087 0.094 0.102 0.086 0.106 0.320 

GDPPI 0.052 0.062 0.058 0.089 0.117 0.460 0.074 0.094 0.098 0.063 0.073 0.067 0.099 0.117 0.104 0.088 0.134 0.763 

Export PI 0.033 0.040 0.040 0.049 0.058 0.086 0.044 0.051 0.050 0.039 0.047 0.045 0.052 0.054 0.065 0.052 0.071 0.183 

LR 

Real GDP -0.007 -0.004 -0.001 0.004 0.001 0.254 -0.008 -0.027 -0.013 0.004 -0.016 0.009 0.017 0.008 -0.123 -0.053 0.023 2.869 

Ag. employment -0.011 -0.008 -0.005 -0.001 -0.004 0.145 -0.011 -0.030 -0.017 -0.011 -0.010 -0.020 -0.018 -0.025 -0.096 -0.061 -0.002 0.587 

Real Wage 0.019 0.022 0.025 0.029 0.026 0.175 0.019 0.000 0.013 0.129 0.131 0.121 0.123 0.116 0.044 0.079 0.138 0.727 

Ag. Capital Stock 0.000 0.000 0.003 0.013 0.002 0.344 -0.009 -0.048 -0.020 0.038 -0.038 0.055 0.075 0.059 -0.212 -0.055 0.065 1.376 

Ag. Real HH cons. -0.010 -0.004 0.002 0.010 0.005 0.302 -0.010 -0.047 -0.021 0.073 0.076 0.056 0.060 0.046 -0.097 -0.026 0.091 1.272 

Ag. Real Invest. 0.004 0.011 0.011 0.016 0.016 0.184 0.004 -0.018 -0.003 0.076 0.079 0.095 0.099 0.099 -0.001 0.048 0.152 1.170 

Ag. Real Gov cons. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Real exports -0.002 -0.006 0.001 -0.005 -0.003 0.455 0.001 0.031 -0.005 0.103 0.065 0.070 0.058 0.037 -0.236 0.024 0.054 0.498 

Real Imports -0.005 0.001 -0.002 0.005 0.002 0.203 -0.009 -0.038 -0.012 0.041 0.057 0.056 0.068 0.067 -0.028 0.000 0.102 1.056 

CPI -0.002 -0.007 -0.011 -0.008 -0.013 -0.051 -0.010 -0.022 -0.010 -0.051 -0.107 -0.013 0.005 0.018 -0.044 -0.007 -0.011 0.036 

GDPPI 0.010 0.001 0.002 0.012 -0.004 -0.114 -0.008 -0.068 -0.020 0.027 -0.073 0.061 0.088 0.090 -0.182 -0.021 0.053 -0.829 

Export PI -0.001 0.000 -0.001 0.000 0.000 -0.089 -0.001 -0.007 0.000 -0.072 -0.043 -0.062 -0.064 -0.057 0.046 -0.041 -0.065 -0.298 

Source: Results of SLBMRC-GEM Simulations
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7.6.3. Decomposition of Regional GDP  

The decomposition of the regional GDP results is helpful in understanding the 

causes or the path of the total impact on GDP. The change in national level income side 

GDP was explained in equation 7.1. The same equation can be modified and used in 

decomposing the regional impacts. The decomposing of tax into production and 

commodity tax is helpful in understanding the impact of the changing subsidy on the 

overall GDP change. 

 

 yr = SKr * Kr + SLr * Lr + SNr * Nr + ar + ptaxr + comtaxr (7.3) 

 

where, yr is change in GDP of region r, Kr is capital in region r, Lr is labour in region r, 

Nr is land in region r, ar is contribution from technical change in region r, ptaxr is 

contribution from ptax change in region r, and comtaxr  is change in commodity tax in 

region r. SKr, SLr and SNr are shares of GDP in base case from regional capital, regional 

labour and regional land respectively in the regional GDP. 

 

The above equation can be modified to describe change in national GDP by 

changing all share variables as their share in national GDP at base case as follows: 

 

 y = SKr n * kr + SLr n * Lr + SNr n * Nr + ar n + + ptaxr n + comtaxr n (7.4) 

 

where, SKr n, SLr n and SNr n are shares of GDP in the base case from regional capital, 

regional labour and regional land respectively in the national GDP and all other variables 

are as defined above. Further: 

 

SKr n * kr = contribution of regional capital to change in national GDP 

SLr n * Lr = contribution of regional Labour to change in national GDP 

SNr n * Nr = contribution of regional Land to change in national GDP 

ar n = contribution of regional technical change to change in national GDP 

ptaxr n = contribution of regional production tax to change in national GDP 

comtaxr n = contribution of regional commodity tax to change in national GDP 

 

Table 7.7 shows contribution of regional variables to change in national GDP in our 

two main policy simulations. With our short run closure, the level of land and capital are 
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fixed as exogenous. So with any of our simulations there are no income changes 

associated with land and capital stock change. But with our place-neutral policy shock to 

increase the fertilizer subsidy the return to land changes due to the increase in productivity 

which we define as a technical change in our model. So from equation 7.4 the change in 

the return to land due to productivity improvement can be identified under the technical 

change component. In our model, the subsidies are considered as a negative production 

tax. So the fertilizer subsidy for paddy farmers is considered as a negative production tax 

for paddy industry. The negative change in the production tax component shows the 

increase in subsidy with our shock. Since this subsidy is allocated based on the land extent 

belonging to small scale farmers, the negative change in production tax is proportional to 

paddy land extent in each region. As the final column of the table shows, the change in 

each region’s GDP is an aggregation of its components. The change in national GDP has 

to be understood as a sum of the regional level changes. Each region’s contribution to the 

change in national GDP can further be explained with the industry impacts discussed in 

section 7.6.4. 

 

With our first place-based policy to develop irrigation facilities for northern farmers, the 

labour use in Northern Province has increased by 0.044% percent while the labour use in 

input supplying regions such as North Central also slightly increased. The decrease in 

labour income in Western province is mainly due to the shrinking of the construction 

activities in the Western province associated with the resource competition from the 

Northern Province. With our second place-based policy to develop irrigation in the 

Eastern Province, the induced impacts are visible in the Eastern instead of the Northern 

Province.  
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Table 7.7: GDP Income (contribution of each variable to % change in national 

GDP) 

    Land Labour Capital Tec.change 

in land 

Production 

TAX 

ComTax Total 

Place-neutral 

policy - 

Fertilizer 

Subsidy 

National - 0.092 - 0.019 -0.005 0.008 0.114 

North Central - 0.012 - 0.005 -0.001 0.001 0.017 

North Western - 0.011 - 0.003 -0.001 0.001 0.014 

Southern - 0.009 - 0.002 -0.001 0.001 0.012 

Central - 0.009 - 0.001 0.000 0.001 0.010 

Eastern - 0.008 - 0.003 -0.001 0.001 0.010 

Sabaragamuwa - 0.006 - 0.001 0.000 0.001 0.007 

Uva - 0.006 - 0.001 0.000 0.001 0.007 

Northern - 0.004 - 0.002 0.000 0.000 0.006 

Western - 0.027 - 0.001 0.000 0.002 0.029 

                 

Place-based 

Policy 1- 

Irrigation  

Development 

in Northern 

National - 0.050 - 0.000 0.000 0.001 0.051 

North Central - 0.002 - 0.000 0.000 0.000 0.002 

North Western - 0.001 - 0.000 0.000 0.000 0.001 

Southern - 0.001 - 0.000 0.000 0.000 0.001 

Central - 0.002 - 0.000 0.000 0.000 0.002 

Eastern - 0.001 - 0.000 0.000 0.000 0.001 

Sabaragamuwa - 0.000 - 0.000 0.000 0.000 0.000 

Uva - 0.001 - 0.000 0.000 0.000 0.001 

Northern - 0.044 - 0.000 0.000 0.005 0.049 

Western - -0.001 - 0.000 0.000 -0.004 -0.005 

                 

Place-based 

Policy 2 - 

Irrigation 

Development 

in Eastern 

National - 0.050 - 0.000 0.000 0.001 0.051 

North Central - 0.001 - 0.000 0.000 0.000 0.001 

North Western - 0.001 - 0.000 0.000 0.000 0.001 

Southern - 0.000 - 0.000 0.000 0.000 0.000 

Central - 0.002 - 0.000 0.000 0.000 0.002 

Eastern - 0.046 - 0.000 0.000 0.005 0.051 

Sabaragamuwa - 0.000 - 0.000 0.000 0.000 0.000 

Uva - 0.001 - 0.000 0.000 0.000 0.001 

Northern - 0.000 - 0.000 0.000 0.000 0.000 

Western - -0.001 - 0.000 0.000 -0.003 -0.005 

                 

Place-based 

Policy 3 - 

Fisheries 

Harbour 

Development  

in Northern 

National - 0.050 - 0.000 0.000 0.001 0.052 

North Central - 0.002 - 0.000 0.000 0.000 0.002 

North Western - 0.001 - 0.000 0.000 0.000 0.001 

Southern - 0.000 - 0.000 0.000 0.000 0.000 

Central - 0.002 - 0.000 0.000 0.000 0.002 

Eastern - 0.001 - 0.000 0.000 0.000 0.002 

Sabaragamuwa - 0.000 - 0.000 0.000 0.000 0.000 

Uva - 0.001 - 0.000 0.000 0.000 0.001 

Northern - 0.044 - 0.000 0.000 0.005 0.049 

Western - -0.001 - 0.000 0.000 -0.004 -0.005 

Source: Results of SLBMRC-GEM Simulations 

 

The short run impact of constructing fisheries harbours in the Northern Province 

with our third place-based policy is also similar to the short run impacts of our first place-
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based policy. Even though there should be some variations in the cost structure of 

constructions in irrigation and fisheries sectors, we had to shock the same construction 

sector since we have only one construction sector in our model. The regional impact of 

all place-based policies can be better understood with the regional industry results 

discussed in section 7.6.4. 

 

As explained earlier the national level expenditure side GDP aggregation can be 

explained as follows:  

 

Y = C + I + G + In+(X – M) 

 

where Y is GDP, C is Household Consumption, I is Investments, G is Government 

demand, In is changes in inventories, X is Exports and M is imports. 

 

To calculate regional level expenditure GDP the above equation has to be modified 

as follows: 

 Yr = Cr + Ir + Gr + Inr + (Xr – Mr) - (RXr-RMr) + net margin r (7.5) 

 

where, Yr is GDP of the region r, Cr is Consumption in region r, Gr is Government 

(consumption) expenditure in region r, Xr is Exports (to other countries) from region r, 

Mr is Imports from other countries to region r, RXr is the export to other regions of the 

country from region r, RMr is the imports to region r from other regions of the country 

and Inr is value of stocks/ inventories in the region r. 

 

The results of this type of GDP decomposition is given in Table 7.8. With our short 

run closure, investments and government consumption are fixed. Though the typical short 

run closure may keep consumption as an exogenous variable, we treated household 

consumption as endogenous since it is likely to immediately affect results in our policy 

simulations. The fertilizer subsidy increase can affect household consumption in two 

ways. Firstly the rising employment in the paddy and related sectors will increase the 

purchasing power of directly affected households. Secondly the decreasing purchaser 

prices of the staple food of rice may increase the total real consumption of all households. 

This assumption is comparable to the short run assumptions used by Horridge et al. (2005) 
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in analysing the impact of an Australian drought. The part of the unsold output or stocks 

remaining with producers is also an unavoidable component. The stocks available with 

the producers were assumed to be changed parallel to increments in industry output.  
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Table 7.8: GDP expenditure (contribution of each variable to % change in national 

GDP) 

  
 HOU INV GOV 

STOCK

S 
EXP Imports 

Reginal 

Exports 

Regional 

Imports 

Net 

Margin 
Total 

 

Place-neutral 

policy - 

Fertilizer 

Subsidy 

National 0.122 0.000 0.000 0.007 0.017 -0.031 0.088 -0.088 0.000 0.114 

 North Central 0.018 0.001 0.000 0.002 0.000 0.000 0.010 -0.012 -0.001 0.017 

 North Western 0.015 0.000 0.000 0.001 0.000 0.000 0.006 -0.009 0.001 0.014 

 Southern 0.012 0.000 0.000 0.001 0.000 0.000 0.006 -0.007 0.000 0.012 

 Central 0.013 0.000 0.000 0.000 0.000 0.000 0.006 -0.009 0.000 0.010 

 Eastern 0.008 0.000 0.000 0.001 0.000 0.000 0.006 -0.005 0.000 0.010 

 Sabaragamuwa 0.010 0.000 0.000 0.000 0.000 0.000 0.004 -0.007 0.000 0.007 

 Uva 0.008 0.000 0.000 0.000 0.000 0.000 0.004 -0.006 0.000 0.007 

 Northern 0.006 0.000 0.000 0.001 0.000 0.000 0.003 -0.003 0.000 0.006 

 Western 0.032 -0.002 0.000 0.001 0.017 -0.031 0.043 -0.028 0.000 0.029 

                      

 

Place-based 

Policy 1- 

Irrigation  

Development 

in Northern 

National 0.066 0.000 0.084 0.000 -0.052 -0.046 0.064 -0.064 0.000 0.051 

 North Central 0.003 0.000 0.000 0.000 0.000 0.000 0.001 -0.002 0.000 0.002 

 North Western 0.002 -0.001 0.000 0.000 0.000 0.000 0.001 -0.001 0.001 0.001 

 Southern 0.001 -0.002 0.000 0.000 0.000 0.000 0.001 -0.001 0.001 0.001 

 Central 0.002 -0.001 0.000 0.000 0.000 0.000 0.001 -0.002 0.001 0.002 

 Eastern 0.001 -0.001 0.000 0.000 0.000 0.000 0.002 -0.001 0.000 0.001 

 Sabaragamuwa 0.000 -0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 

 Uva 0.001 0.000 0.000 0.000 0.000 0.000 0.001 -0.001 0.000 0.001 

 Northern 0.057 0.015 0.084 0.000 0.000 0.000 -0.011 -0.076 -0.019 0.049 

 Western -0.001 -0.009 0.000 0.000 -0.052 -0.046 0.068 0.020 0.015 -0.005 

                      

 National 0.056 0.000 0.084 0.000 -0.044 -0.045 0.057 -0.057 0.000 0.051 

 

Place-based 

Policy 2 - 

Irrigation 

Development 

in Eastern 

North Central 0.001 0.000 0.000 0.000 0.000 0.000 0.001 -0.001 0.000 0.001 

 North Western 0.001 -0.001 0.000 0.000 0.000 0.000 0.001 -0.001 0.001 0.001 

 Southern 0.000 -0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.000 

 Central 0.003 -0.001 0.000 0.000 0.000 0.000 0.002 -0.001 0.000 0.002 

 Eastern 0.049 0.014 0.084 0.000 0.000 0.000 -0.012 -0.070 -0.014 0.051 

 Sabaragamuwa 0.000 -0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

 Uva 0.001 0.000 0.000 0.000 0.000 0.000 0.001 -0.001 0.000 0.001 

 Northern 0.001 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 

 Western -0.001 -0.008 0.000 0.000 -0.043 -0.045 0.064 0.018 0.012 -0.005 

                      

 

Place-based 

Policy 3 - 

Fisheries 

Harbour 

Development  

in Northern 

National 0.066 0.000 0.084 0.000 -0.052 -0.046 0.064 -0.064 0.000 0.051 

 North Central 0.003 0.000 0.000 0.000 0.000 0.000 0.001 -0.002 0.000 0.002 

 North Western 0.002 -0.001 0.000 0.000 0.000 0.000 0.001 -0.001 0.001 0.001 

 Southern 0.001 -0.002 0.000 0.000 0.000 0.000 0.001 -0.001 0.001 0.001 

 Central 0.002 -0.001 0.000 0.000 0.000 0.000 0.001 -0.002 0.001 0.002 

 Eastern 0.001 -0.001 0.000 0.000 0.000 0.000 0.002 -0.001 0.000 0.001 

 Sabaragamuwa 0.000 -0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 

 Uva 0.001 0.000 0.000 0.000 0.000 0.000 0.001 -0.001 0.000 0.001 

 Northern 0.057 0.015 0.084 0.000 0.000 0.000 -0.011 -0.076 -0.019 0.049 

 Western -0.001 -0.009 0.000 0.000 -0.052 -0.046 0.068 0.020 0.015 -0.005 

Source: Results of SLBMRC-GEM Simulations 
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7.6.4. Sectoral Level Impacts of the Policy Shocks 

Any shock on the national or regional economy creates different impacts among 

its industrial sectors. An analysis of industry level impacts is important in understanding 

the cause or path of the previously presented national and regional macro level impacts. 

As illustrated in section 7.4, the first round or direct impacts of our place-based fertiliser 

subsidy policy (either in short run or long run situations) occurs on the paddy sector and 

then it reaches to the rice processing and many other related industries. The size of the 

secondary impacts on other industries depends on the strength of the forward and 

backward linkages of those industries to the directly affected paddy industry. The level 

of industry impacts in short and long run situation may vary with our closure 

assumptions. 

 

With the place-based irrigation development and fisheries harbour projects, in the 

short run situation, the construction sector in the respective region was firstly impacted 

and this induced flow-on impacts to other sectors. In the long run, the regional irrigation 

development policies create some direct impacts on paddy industry of respective regions 

and these effects flow on to other sectors as well as to the paddy industry in other regions. 

The fisheries harbour project in the Northern region creates a direct impact on the 

fisheries sector in the region and it will subsequently flow on to other sectors in the same 

region as well as in other regions. The fisheries industry in other regions is also affected 

as a result of the price effect on fish and also as a result of the competition for productive 

inputs.  

 

7.6.4.1. The National Level Industry Impacts 

The changes occurring in industry output with our shocks is important in identifying 

the winners and losers of the policies considered. However the contribution of any sector 

to the national and regional GDP depends on the initial share of the industry in the 

respective GDP. Table 7.9 shows output changes in the 25 leading industries in the 

economy projected as a result of each of our policy shocks. The share of the industry in 

the GDP in base year is given in the second column of this table. A complete table with 

all sixty-five industries is given is appendix 7A.1 to 7A.4  
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Table 7.9: Change in industry output - national 

Industry Industry 

share in 

GDP in 

base year 

In Short Run In Long Run 

With 
place-

neutral 

policy 

With 
place-

based 

policy 1 

With 
place-

based 

policy 2 

With 
place-

based 

policy 3 

With 
place-

neutral 

policy 

With 
place-

based 

policy 1 

With 
place-

based 

policy 2 

With 
place-

based 

policy 3 

Trade and Repair 

Work 

16% 0.116 0.030 0.032 0.030 0.025 0.004 0.006 0.057 

Land Transport 11% 0.104 0.043 0.033 0.043 0.001 0.006 0.005 0.132 

Construction 

Service 

8% 0.048 0.461 0.466 0.461 0.074 0.014 0.019 0.119 

Financial 

Intermediation 

8% 0.144 0.085 0.077 0.085 0.004 0.005 0.006 0.060 

Public 

Administration and 

Defence 

7% 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Real Estate 

Activities 

4% 0.234 0.159 0.133 0.159 0.055 0.013 0.017 0.133 

Wearing apparel, 

except fur  

3% 0.020 -0.077 -0.057 -0.077 -0.216 -0.021 -0.034 -0.193 

Meat and processed 

Fish, Fruit & Veg.  

3% 0.081 -0.041 -0.023 -0.041 0.047 0.005 0.012 0.288 

Other Vegetables 3% 0.062 0.031 0.021 0.031 0.028 0.005 0.006 0.050 

Other food & 

Beverages 

2% 0.359 0.029 0.019 0.029 0.389 0.039 0.060 0.038 

Electricity 2% 0.122 0.059 0.060 0.059 0.002 0.002 0.004 0.033 

Education 2% 0.013 0.006 0.005 0.006 0.000 0.000 0.000 0.005 

Refined Petroleum 

Products 

2% 0.093 0.011 0.012 0.011 -0.034 -0.002 -0.003 0.032 

Mining and 

Quarrying 

2% 0.010 -0.006 -0.001 -0.006 -0.076 -0.009 -0.010 -0.033 

Paddy 1% 1.349 0.000 0.002 0.000 1.700 0.165 0.277 -0.003 

Fish (Inland and 

Marine) 

1% 0.021 -0.010 -0.002 -0.010 -0.018 -0.004 -0.002 2.481 

Tea Leaves 1% 0.071 -0.026 -0.023 -0.026 0.090 0.006 0.011 -0.037 

Other Services 1% 0.053 -0.019 -0.014 -0.019 -0.031 -0.001 -0.002 0.003 

Live Animal (for 

meat and draft ) 

1% 0.035 -0.014 -0.011 -0.014 -0.005 0.000 0.001 -0.006 

Electrical 

Machinery and 

Apparatus 

1% -0.009 -0.013 -0.011 -0.013 -0.027 0.004 -0.001 0.039 

Coconut  1% 0.041 0.006 0.000 0.006 0.010 0.003 0.002 0.033 

Post and 

Telecommunications 

1% 0.039 -0.021 -0.016 -0.021 -0.082 -0.007 -0.011 -0.031 

Other 

Transportable 

Goods 

1% -0.013 -0.097 -0.082 -0.097 -0.329 -0.031 -0.053 -0.247 

Other Chemical 

Products 

1% -0.011 -0.095 -0.079 -0.095 -0.214 -0.021 -0.035 -0.194 

Tobacco Products 1% 0.116 0.069 0.033 0.069 0.024 0.006 0.001 0.059 

 Source: Results of SLBMRC-GEM Simulations 
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The contribution of a regional industry to national GDP can be given as: 

Iir * Sir 

where, Iir is the output of industry i of the region r, and Sir is the share of industry I in the 

GDP of region r. 

 

Table 7.10 shows the change in the GDP contribution of the leading 25 industries 

of the economy. The contribution of all industries to the various policy shocks is given in 

Appendix 7A. As Table 7.10 shows, a major share (about 75%) of the total impact of all 

different policies was caused by ten industries. The most affected industries vary with the 

actual shock. The most affected industries of our policy shocks are considered below. The 

positive GDP contributions given in the table can add to over 100%. But finally with all 

industries it balance to 100% since some industries have negative contributions. 

 

Figure 7.8 shows the share of those major industries in the national level GDP 

change resulting from our place-neutral policy shock. In the short run, the directly 

affected paddy industry is responsible for only 19% of the total GDP change while the 

effects on other industries have caused other 85% of the impact (if the impact on rice 

processing is also considered as direct impact the size of the direct impacts goes up to 

32%). The trade, finance, land transport and real estate sectors are each responsible for 

10% of the total national impact. The food and beverages sector accounts for 7% of the 

national GDP impact. Construction results in 4% of the change, while petroleum and 

electricity sectors each account for 2% of the total impact. The impacts absorbed by each 

of the all other industries are less than 2%. A set of 38 other positively affected industries 

collectively contribute to 11% of total, while the other 17 negatively affected industries 

account for only 2% of the collective impact.   
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Table 7.10: Industry contribution to national GDP 

Industry Industry 

share in 

GDP in 

base year 

In Short Run In Long Run 

With 
place-

neutral 

policy 

With 
place-

based 

policy 1 

With 
place-

based 

policy 2 

With 
place-

based 

policy 3 

With 
place-

neutral 

policy 

With 
place-

based 

policy 1 

With 
place-

based 

policy 2 

With 
place-

based 

policy 3 

Trade and Repair 

Work 

16% 0.116 0.030 0.032 0.030 0.025 0.004 0.006 0.057 

Land Transport 11% 0.104 0.043 0.033 0.043 0.001 0.006 0.005 0.132 

Construction 

Service 

8% 0.048 0.461 0.466 0.461 0.074 0.014 0.019 0.119 

Financial 

Intermediation 

8% 0.144 0.085 0.077 0.085 0.004 0.005 0.006 0.060 

Public 

Administration and 

Defence 

7% 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 

Real Estate 

Activities 

4% 0.234 0.159 0.133 0.159 0.055 0.013 0.017 0.133 

Wearing apparel, 

except fur  

3% 0.020 -0.077 -0.057 -0.077 -0.216 -0.021 -0.034 -0.193 

Meat and processed 

Fish, Fruit & Veg.  

3% 0.081 -0.041 -0.023 -0.041 0.047 0.005 0.012 0.288 

Other Vegetables 3% 0.062 0.031 0.021 0.031 0.028 0.005 0.006 0.050 

Other food & 

Beverages 

2% 0.359 0.029 0.019 0.029 0.389 0.039 0.060 0.038 

Electricity 2% 0.122 0.059 0.060 0.059 0.002 0.002 0.004 0.033 

Education 2% 0.013 0.006 0.005 0.006 0.000 0.000 0.000 0.005 

Refined Petroleum 

Products 

2% 0.093 0.011 0.012 0.011 -0.034 -0.002 -0.003 0.032 

Mining and 

Quarrying 

2% 0.010 -0.006 -0.001 -0.006 -0.076 -0.009 -0.010 -0.033 

Paddy 1% 1.349 0.000 0.002 0.000 1.700 0.165 0.277 -0.003 

Fish (Inland and 

Marine) 

1% 0.021 -0.010 -0.002 -0.010 -0.018 -0.004 -0.002 2.481 

Tea Leaves 1% 0.071 -0.026 -0.023 -0.026 0.090 0.006 0.011 -0.037 

Other Services 1% 0.053 -0.019 -0.014 -0.019 -0.031 -0.001 -0.002 0.003 

Live Animal (for 

meat and draft ) 

1% 0.035 -0.014 -0.011 -0.014 -0.005 0.000 0.001 -0.006 

Electrical 

Machinery and 

Apparatus 

1% -0.009 -0.013 -0.011 -0.013 -0.027 0.004 -0.001 0.039 

Coconut  1% 0.041 0.006 0.000 0.006 0.010 0.003 0.002 0.033 

Post and 

Telecommunications 

1% 0.039 -0.021 -0.016 -0.021 -0.082 -0.007 -0.011 -0.031 

Other 

Transportable 

Goods 

1% -0.013 -0.097 -0.082 -0.097 -0.329 -0.031 -0.053 -0.247 

Other Chemical 

Products 

1% -0.011 -0.095 -0.079 -0.095 -0.214 -0.021 -0.035 -0.194 

Tobacco Products 1% 0.116 0.069 0.033 0.069 0.024 0.006 0.001 0.059 

Source: Results of SLBMRC-GEM Simulations  
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Figure 7.8: Industry contribution to GDP change – National, with the place-

neutral policy to increase fertilizer subsidy 

 
 

Source: Author’s creation based on SLBMRC-GEM Simulations 

 

As Figure 7.9 shows, 70% of the GDP change observed with all three place-based 

shocks was due to the direct effect on construction sector. Even though there is a slight 

difference in the magnitude of changes with the shocks on the Northern and Eastern 

regions, the pattern of changes is similar. Both the finance and real estate sectors 

contribute to 10 percent of the change in national GDP. Each of the trade and transport 

sectors is responsible for about 7% of this GDP change, while the electricity sector 

contributes to 2.5% of the GDP gain. During the construction phase of our place-based 

policies, 43 sectors have been negatively affected. The apparel sector has contributed to 

4% of the observed GDP loss. Subsidiary transport, water transport and fruit and 

vegetable processing sectors have also contributed to reducing the GDP by 2%, 1.5% and 

1% respectively. The remainder of the negatively affected sectors collectively provided a 

7% of negative contribution. 

 

As explained in section 7.4, the total GDP change resulting from our place-neutral 

policy in the long run is smaller than that of the short run situation. This difference is 

mostly led by capital reallocation between industries. The major industries contributing 

to long run GDP change with our place-neutral policy to increase the fertilizer subsidy 

are depicted in Figure 7.10.  
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Figure 7.9: Industry contribution to GDP change – National/ short run, with our 

three place-based policies 

 

Source: Source: Author’s creation based on SLBMRC-GEM Simulations 

 

Notes: S2 = simulation 2, S3= Simulation 3, and S4 = Simulation 4 

 

 

As Figure 7.10 shows the major share, 60%, of the long run GDP impact is 

originating from the directly affected paddy industry. The rice processing industry also 

has a 40% positive contribution to the overall GDP change. The food and beverages 

industry accounts for nearly 20% of the positive GDP impact. The positive impacts 

created by the construction, trade and real estate sectors vary from 12 to 5%. Apparel, 

other transport and sea transport are the main industries negatively contributing to the 

overall GDP.  

 

The major industries affected in the long run by our place-based policy shocks to 

develop irrigation infrastructure are depicted in the Figure 7.11, while Figure 7.12 

pinpoints the major industries affected in the long run with our other place-based policy 

shock to develop fisheries harbours in Northern Province. 
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Figure 7.10: Industry contribution to GDP change – National/ long run, with the 

place-neutral policy to increase fertilizer subsidy 

 
 

Source: Author’s creation based on SLBMRC-GEM Simulations 

 

 

As Figure 7.11 shows, a major share of the GDP impact created by the place-

based policy shocks are created by the paddy and rice processing industries. While the 

northern paddy industry is reponsible for 40% of the national GDP impact, the eastern 

paddy industry contributes to 45% of the national GDP impact. The contribution from the 

northern and eastern rice processing industry varies from 25 to 30 percent. Construction, 

other food and beverages, trade, real estate and finance sectors are other positive 

contributors to GDP. Wearing apparel and other transportable goods are the main negative 

contributors to GDP. 

 

As Figure 7.12 indicates, the projected long run GDP impact of the northern 

fisheries harbour development policy mainly originates from the fisheries industry. While 

the fisheries industry covers 60% of the total GDP impact, land transport is responsible 

for 10% of the impact. The contributions from the other main positive contributors, 

namely from the construction, trade, meat fish and vegetable processing, real estate, and 

finance sectors, vary from 10% to 5%. Apparel and other transportable goods are the main 

negative contributors to the overall GDP impact. 
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Figure 7.11: Industry contribution to GDP change – National/ long run, with the 

place-based policies to develop irrigation infrastructure in northern and eastern 

provinces 

 
 

Source: Source: Author’s creation based on SLBMRC-GEM Simulations 

 

 Notes: S6= simulation 6 and S7 = simulation 7 
 

Figure 7.12: Industry contribution to GDP change – National/ long run, with the 

place-based policy to develop fisheries harbours in Northern Province 

 
 

 
Source:  Author’s creation based on SLBMRC-GEM Simulations 
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7.6.4.2. The Regional Level Industry Impacts  

The regional share in national GDP can be explained by the changes in the fortunes 

of the various regional industries. Firstly the total impact on national GDP from different 

regions can split into two parts as direct and flow-on impacts. Figure 7.13 shows the direct 

and flow-on impacts of our place-neutral policy in the short-run situation. As explained 

in section 7.4, the direct effect originates from the paddy industry. The contribution of 

other industries, including the rice procesing industry, can be considered as secondary 

impacts.  

 

Figure 7.13: Regional Industries’ contribution to national level GDP change - 

fertilizer subsidy – Short run 

 
 

Source: Source: Author’s creation based on SLBMRC-GEM Simulations 

 

Notes: Other + = all other industries affected with positively (a collective value) 

Other - = all other industries affected with negatively (a collective value) 

 

As Figure 7.13 shows the indirect impacts of the policy shock is significantly higher than 

the direct impact. This is mainly due to the higher multiplier impacts of the paddy 

industry. The major paddy producing regions, North Central, Eastern and North Western, 

have contributed to the major share of the direct impact. The Western region, that makes 

the lowest contribution to the national paddy industry, has the lowest direct impacts. 

However the highest flow-on impact is produced by the Western Province which is the 

location of most of the supporting services. All of the regions may also experience some 

negative flow-on effects. The most developed Western Region experiences the highest 
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negative impact. The flow-on effects can be further clarified by considering the industries 

contributing to major share of those impacts. See Figure 7.14 for details.  

 

Source: Author’s creation based on SLBMRC-GEM Simulations 
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Land transport and food & beverages sectors contribute to about 2% of the national GDP 

change. The contribution of the petroleum industry is also nearly 2%. Construction and 

electricity are next highest positive contributors. As the graphs in the panel clearly show, 

the lower flow-on effects from other regions is due to the lower contributions from other 

industries.  

 

The projected direct and flow-on effects of the simulated place-based policy to 

develop irrigation facilities in Northern Province is depicted in Figure 7.15. As this figure 

shows, the direct impact of the construction shock is mainly occurring in the Northern 

Province. While the highest flow-on effects also occur in the same region, all other 

regions receive some flow-on effects. The highest cross regional positive and negative 

flow-on effects occur in the Western region. The regional pattern of flow-on effects can 

be further clarified with Figure 7.16. 

 

Figure 7.15: Regional industries’ contribution to national level GDP change - 

Northern Irrigation development policy- Short run 

 
 

 

Source: Author’s creation based on SLBMRC-GEM Simulations  

 

Notes: Other + = all other industries affected with positively (a collective value) 

Other - = all other industries affected with negatively (a collective value) 
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Source: Author’s creation based on SLBMRC-GEM Simulations 
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As first graph in the panels of Figure 7.16 shows, the flow on effects in the 

Northern Province are mainly resulting from the trade, land transport, finance and real 

estate sectors. Those sectors are contributing to 6%, 5%, 4% and 2% of the national GDP 

change respectively. As the last graph (bottom right) in the figure shows, the reported 

positive impact on the Western region is mainly resulting from real estate and auxiliary 

transport services (such as warehousing). Electricity and land transport are the next two 

positive contributors. Other industries that receive positive indirect effects contribute to 

about 2% of the national GDP change. Trade, wearing apparel, meat vegetable and fruit 

processing, water transport and auxiliary transport sectors are the major potential losers. 

Oher industries that receive minor negative impacts collectively provide about 8% of the 

negative contribution to total change.   

 

The projected long run regional direct and flow-on effects of the place-neutral 

fertilizer subsidy policy are given in Figure 7.17.  

 

Figure 7.17: Regional industries’ contribution to national level GDP change-  

fertilizer subsidy – Long run 

  
 

Source: Source: Author’s creation based on SLBMRC-GEM Simulations 

 

Notes: Other + = all other industries affected with positively (a collective value) 

Other - = all other industries affected with negatively (a collective value) 
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Western provinces. The highest projected positive flow-on effects are also projected to 

occur in the same regions. While all regions may also receive some negative impacts, the 

negatively affected industries in the Western Province are projected to collectively 

contribute in reducing the national GDP change by 6%. As the other columns in Figure 

7.17 show, the flow-on effects of the shock on the same and other regions are 

comparatively small.  

 

Figure 7.18 is important in understanding the regional differences in flow-on 

effects and the major contributing industries for regional flow on effects of our place-

neutral policy shock. In all paddy producing regions, the rice processing sector receives 

the major flow-on effects. Trade, real estate, food and beverages, and construction 

industries are the next regional winners. As the last graph in this figure depicts, food and 

beverages is the main winner in the Western Province. While it contributes to about 10% 

of the national GDP change, processed rice and construction services also contributes to 

nearly 2% and 1% of national GDP change. Several other industries with minor positive 

contributions collectively result in about 2% of the positive contribution to national GDP 

change. The wearing apparel sector of the country is contributing to a major share of 

projected negative impacts from the Western Province. The trade sector in the Western 

Province also receives a high negative shock. Other transportable goods, and the other 

chemical products industry (which include the chemical fertilizer and auxiliary transport 

sector) receive the next level of negative impacts. Several other industries in Western 

region collectively account for about 28% of the negative contribution to projected 

national GDP change. 
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Source: Author’s creation based on SLBMRC-GEM Simulations 

 

 

Figure 7.19 is useful in further explaining the projected long run direct and flow-on 

regional effects of the place-based Northern irrigation development project. As it shows 

during the operation phase of the irrigation project the Northern Province receives high 
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positive impacts (both with directly affected paddy and supporting industries that receive 

flow on effects). Other regions receive smaller cross regional impacts. The highest 

regional negative flow-on effect is projected for the Western Province. Figure 7.20 clearly 

depict the major winning and losing industries projected as a result of this shock. 

 

Figure 7.19: Regional industries contribution to national level GDP change   

Northern irrigation development policy- Long run 

 
 

Source: Author’s creation based on SLBMRC-GEM Simulations 

 

As the first graph of Figure 7.20 shows, the paddy industry in the Northern region 

contribute to 60% of the projected national GDP change in the long run situation. The 

rice processing sector also contributes to about 40% of the national GDP change. Trade, 

other food, land transport, real estate and financial sectors are other potential winners of 

this policy. Several other industries are positively and negatively contributing to the total 

GDP change with very minor shares. As the last graph of the figure indicates the major 

total negative contribution from Western Province is resulting from trade sector. The food 

and beverages sector is positively contributing national GDP change with about 1%. 

Construction services and other transportable goods are other major losers in this region. 

Several other industries that receive minor negative impacts collectively result in about 

15% of the negative contribution to the national GDP change. 
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Source: Author’s creation based on SLBMRC-GEM Simulations 

 

 

 

 

-20

0

20

40

60

-20

0

20

40

60

-20

0

20

40

60

1_Northern 2_Central 3_Sabaragamuwa

4_Southern 5_Uva 6_Eastern

7_NorthWestern 8_NorthCentral 9_Western

Paddy Processed Rice Construction Service

Oth. food & Beverages Trade and Repair Work Land Transport

Real Estate Activities Financial Intermed. Oth. Transportable G.

Wearing apparel other positive other negative

Figure 7.20: Regional industries, contribution to national GDP - Long run 

impact of place-based policy to develop irrigation infrastructure in Northern 

Province 



 

236 

 

7.6.5. Sensitivity of the Results for Model Parameters 

The level of accuracy associated with the previously reported SLBMRC-GEM 

results is dependent on the Sri Lankan dataset used for the calibration as well as the 

parameters used in the model. The model is calibrated with the assumption that the 

database for the base year is accurate. A systematic sensitivity analysis (SSA) facilitated 

by GEMPACK software provides a method of testing the sensitivity of the results to the 

parameters used in the model. The SSA method allows selected parameters to vary in a 

triangular distribution within a given range according to Gaussian quadrature (GQ) 

procedure (for details, see Arndt, 1996; Arndt & Pearson, 1998). The software, when run, 

reports the mean and standard deviation value of all project simulation results. The two 

short run simulations carried out with the SLBMRC-GEM (the simulations to test the 

short run impact of the place-neutral policy to increase the fertilizer subsidy in all regions 

and to test the short run impact of the place-based policy to develop irrigation 

infrastructure in the Northern Province) were selected for the purpose. The test was 

performed by varying the five categories of selected parameter values (the primary factor 

substitution elasticity, export elasticity, intermediate input substitution elasticity, 

Armington elasticity for import domestic substitution, and expenditure price elasticity of 

households for commodity substitution) in between  50%−
+  from their initial values. The 

analysis output of SSA produced the mean and standard deviation for the previously 

reported percent changes in variables. Next the 95% confidence intervals for the reported 

values were calculated with reported mean and standard deviation by following the 

Chebyshev’s inequality specification. 

 

The robustness of the reported GDP and variables related to expenditure and income 

side GDP variables are reported in Tables 7.11 and 7.12. As reported results in these 

tables indicate, both policy experiments appear to be sensitive only to primary factor 

substitutability and the export elasticities. The test indicates that these parameters of the 

model have to be carefully selected. As reported in Chapter 8, this will need to be explored 

as part of a future research agenda since the values of these parameters were not changed 

bases on the SSA and we assume that the above parameters for the SLBMRC-GEM are 

reasonable for answering the research question at the heart of this thesis.   
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Table 7.11: The results of the sensitivity analysis – Place-neutral policy to increase 

fertilizer subsidy 

     Mean  Standard 

Deviation 

Lower 

Bound 

Upper 

Bound 

Primary 

Factor 

Substitution 

Elasticity 

Real GDP  0.113 0.011 0.063 0.163 
Ag. employment  0.183 0.020 0.093 0.273 
Ag. Real HH consumption  0.187 0.020 0.096 0.278 
Ag. Real Gov consumption  0.000 0.000 0.000 0.000 
Real exports  0.059 0.006 0.034 0.084 
Real Imports  0.084 0.010 0.040 0.129 

             

Export 

Elasticity 

Real GDP  0.113 0.001 0.107 0.119 
Ag. employment  0.183 0.002 0.176 0.190 
Ag. Real HH consumption  0.187 0.001 0.181 0.193 
Ag. Real Gov consumption  0.000 0.000 0.000 0.000 
Real exports  0.059 0.001 0.053 0.065 
Real Imports  0.084 0.001 0.082 0.087 

             

Intermediate 

input 

substitution 

Elasticity 

Real GDP  0.113 0.000 0.112 0.115 
Ag. employment  0.183 0.001 0.181 0.186 
Ag. Real HH consumption  0.187 0.001 0.185 0.190 
Ag. Real Gov consumption  0.000 0.000 0.000 0.000 
Real exports  0.059 0.001 0.056 0.062 
Real Imports  0.085 0.000 0.083 0.087 

             

Armington 

Elasticity for 

import 

domestic 

substitution 

Real GDP  0.113 0.000 0.112 0.114 
Ag. employment  0.183 0.001 0.180 0.186 
Ag. Real HH consumption  0.187 0.001 0.184 0.190 
Ag. Real Gov consumption  0.000 0.000 0.000 0.000 
Real exports  0.059 0.001 0.053 0.065 
Real Imports  0.085 0.000 0.083 0.086 

             

Expenditure 

price 

elasticity of 

households 

for 

commodity 

substitution 

Real GDP  0.113 0.000 0.113 0.114 
Ag. employment  0.183 0.000 0.183 0.184 
Ag. Real HH consumption  0.187 0.000 0.187 0.188 
Ag. Real Gov consumption  0.000 0.000 0.000 0.000 
Real exports  0.059 0.000 0.057 0.061 
Real Imports  0.085 0.000 0.083 0.086 

Authors Calculations based on simulation and SSA results 
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Table 7.12: Results of the sensitivity analysis- Place-based policy to develop 

irrigation infrastructure in Northern Province 

    Mean  Standard 

Deviation 

Lower 

Bound 

Upper 

Bound 

Primary 

Factor 

Substitution 

Elasticity 

Real GDP 0.052 0.002 0.041 0.062 

Ag. employment 0.102 0.004 0.083 0.120 

Ag. Real HH consumption 0.102 0.004 0.083 0.121 

Ag. Real Gov consumption 0.503 0.000 0.501 0.505 

Real exports -0.183 0.000 -0.185 -0.182 

Real Imports 0.124 0.001 0.121 0.126 

            

Export 

Elasticity 

Real GDP 0.052 0.002 0.042 0.062 

Ag. employment 0.102 0.004 0.084 0.121 

Ag. Real HH consumption 0.103 0.004 0.084 0.121 

Ag. Real Gov consumption 0.503 0.000 0.503 0.503 

Real exports -0.183 0.007 -0.213 -0.152 

Real Imports 0.125 0.006 0.096 0.153 

            

Armington 

Elasticity for 

import 

domestic 

substitution 

Real GDP 0.052 0.000 0.051 0.053 

Ag. employment 0.102 0.001 0.099 0.104 

Ag. Real HH consumption 0.102 0.001 0.100 0.105 

Ag. Real Gov consumption 0.503 0.000 0.502 0.503 

Real exports -0.184 0.007 -0.214 -0.155 

Real Imports 0.123 0.005 0.099 0.147 

            

Expenditure 

price elasticity 

of households 

for commodity 

substitution 

Real GDP 0.052 0.000 0.052 0.052 

Ag. employment 0.102 0.000 0.102 0.102 

Ag. Real HH consumption 0.102 0.000 0.102 0.103 

Ag. Real Gov consumption 0.503 0.000 0.503 0.503 

Real exports -0.184 0.001 -0.186 -0.181 

Real Imports 0.124 0.000 0.122 0.125 

            

Intermediate 

input 

substitution 

Elasticity 

Real GDP 0.052 0.000 0.052 0.052 

Ag. employment 0.102 0.000 0.102 0.102 

Ag. Real HH consumption 0.102 0.000 0.102 0.103 

Ag. Real Gov consumption 0.503 0.000 0.503 0.503 

Real exports -0.184 0.000 -0.184 -0.183 

Real Imports 0.124 0.000 0.123 0.124 

Authors Calculations based on simulation and SSA results 
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7.7. Impact of the Selected Policies on Regional Disparity  

The regional disparity reduction impacts of our various policy simulations were 

analysed with the regional disparity analysis indicator MDW. The value of this indicator 

for our initial economy with reduced subsidy and budget surplus and also for our post 

simulation short run and long run situations are presented for each of our major policy 

shocks in Table 7.13.  

 

Table 7.13: Regional disparity in pre and post simulation situations 

  Short Run Long Run 

  index % change index % change 

Base Case 0.33842   0.33842   

Place-neutral Policy - Uniform 

fertilizer subsidy (as at 2011) 

0.33393 -1.328 0.33354 -1.443 

Place-based Policy 1 - Region 1  

Irrigation project in North (reduced 

subsidy in all regions) 

0.33380 -1.365 0.33427 -1.226 

Place-based Policy2 - Region 2  

Irrigation project in East (reduced 

subsidy in all regions) 

0.33382 -1.361 0.33422 -1.243 

Place-based Policy 3 - Region 1  

Fisheries habour development project 

in North (reduced subsidy in all 

regions) 

0.33380 -1.365 0.33344 -1.472 

Source: Authors Calculations based on simulation results 

 

As the table shows, the value of the MDW indicator in the base year is 0.338. 

According to the projected simulation results, the selected place-neutral policy to increase 

the fertilizer subsidy will reduce this inequality indicator by 1.328%. The place-based 

policy to develop irrigation in Northern Province has a potential to reduce this indicator 

by 1.365%. The potential short run impacts of the two alternative place-based policies to 

develop irrigation facilities in the Eastern Province and fisheries harbour in the Northern 

Province also have similar impacts on this disparity indicator. In long run situation, the 

place neutral policy to increase the fertiliser subsidy is projected to create a 1.443% 

reduction in this disparity reduction indicator. The place-based policy to develop 

irrigation facilities in the Northern Province is projected to reduce this indicator by 

1.226%. The long run impact of the alternative place-based policy to develop irrigation 

facilities in the Eastern Province is also projected to have a similar impact on our regional 

disparity indicator. However the place-based policy to develop fisheries harbour 

infrastructure in the Northern Province is projected to result in the highest disparity 

reduction impacts, namely a 1.472% reduction in the indicator.   
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7.8. Summarized Results for Policy Comparisons 

The main objective of this study is to understand the growth and regional disparity 

reduction impact of the selected place-neutral and place-based policies, and thereby to 

demonstrate the relevance of multiregional model based approach in analysing the 

relative merits of different policies and approaches. This section summarized the core 

results of the whole analysis. Table 7.14 shows the changes in both GDP and our regional 

disparity index MDW projected from our various policy shocks. These policy shocks were 

carried out with the assumption that all other policies will remain unchanged during our 

simulation period. 

 

Table 7.14: Summarized GDP and disparity impacts 

Policy Percent Change in (compared to pseudo base case with 

reduced fertilizer subsidy) 

In Short Run In Long Run  

National 

GDP 

Regional 

Disparity 

Index 

National 

GDP 

Regional 

Disparity 

Index 

Place-neutral Policy - Uniform 

fertilizer subsidy (as at 2011) 

0.114 -1.328 0.042 -1.443 

Place-based Policy - Region 1  

Irrigation project in North 

(reduced subsidy in all regions) 

0.052 -1.365 0.007 -1.226 

Place-based Policy - Region 2  

Irrigation project in East 

(reduced subsidy in all regions) 

0.051 -1.361 0.010 -1.243 

Place-based Policy 2 - Region 1  

Irrigation project in North 

(reduced subsidy in all regions) 

0.052 -1.365 0.097 -1.472 

Source: Authors Calculations based on simulation results 

 

7.9. Concluding Remarks 

This chapter presents the results of the policy simulations carried out with the 

SLBMRC-GEM for the purpose of evaluating our overall research question, as presented 

in Chapter 1 as: 

 Can a multiregional CGE model based quantitative method be used for analysing 

the relative merits of alternative policies incorporating place-based and place-

neutral approaches aimed at achieving regionally balanced economic growth in a 

developing country context? 
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An innovative experimental design with multiple simulations was used for 

identifying a set of selected illustrative policies. While a place-neutral policy to increase 

the fertilizer subsidy for the paddy sector has been selected as the starting point, a policy 

to develop irrigation infrastructure only in the Northern Province is selected as an 

illustrative place-based policy. Additional place-based policies to develop irrigation 

infrastructure in the Eastern Province and to develop fisheries harbours in the Northern 

Province was selected for testing the robustness of these place-based results. Policies with 

same cost of implementation, simulated with the same model and the same closure, has 

enabled the comparison of the potential impacts of these selected policies. Since the GDP 

impact of the policies is core in evaluating the research question, the results are mostly 

reported relating to the GDP impact of these alternative policies. However changes in 

other variables are used to explain the projected GDP impacts. Finally the results from 

our CGE model simulations were linked with regional disparity analysis for 

understanding the projected regional disparity impacts of the selected policies.  

 

As the summary results reveal, the GDP growth impact of our selected place-

neutral policy of fertilizer subsidy increase is higher compared to that of place-based 

policy to develop irrigation infrastructure in Northern Province. However, we have to 

note that the similar observed results for both projects (namely to develop irrigation 

development versus to develop fisheries harbours) arises since both projects induce the 

same construction sector in the Northern region. In the short run situation (or during the 

construction phase of place-based projects), the GDP growth impact of the place-neutral 

policy is more than twice that of the key place-based projects. 

 

According to the simulation results, in the short run situation both the GDP growth 

and regional disparity reduction impact of our place-neutral policy is higher than that of 

place-based irrigation development policy. The situation is not sensitive to the region of 

implementation of the irrigation project even though the magnitude of the GDP and 

disparity reduction changes slightly. However in the long run both the GDP growth and 

regional disparity reduction impact of the place-based policy is higher than that associated 

with the place-neutral fertilizer subsidy policy 
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 This chapter attempts to demonstrate the usefulness of a multiregional CGE model 

based approach for comparing the impacts of place-based and place-neutral policies. The 

comparison of the policies is focused on two indicators: GDP growth and weighted mean 

deviation to measure the regional disparity. Even though the full impact of a policy on 

the national and regional economies cannot be decided only with a couple of indicators, 

those two indicators are capable of answering the research question set for this thesis. 

 

Though this chapter basically describes the projected changes in national and 

regional GDP, the CGE simulations results include projections of impacts on numerous 

variables. A closer analysis of those additional variables may be useful in a more detailed 

comparison of the simulated policy shocks. Extending the CGE model to include multiple 

labour categories and multiple household types may be further beneficial in 

understanding the regional disparity impacts of the policies considered. However this 

study is carried out with a basic multi-regional CGE model for Sri Lanka and the results 

description of this chapter is also limited to selected core variables primarily due to the 

time and resource constraints faced by the researcher. 

 

 The conclusions of the study given in next chapter (Chapter 8) are based on the 

results presented in this chapter. Chapter 8 summarises the results and provides some 

recommendations for policy makers. The limitations of the study as well as an agenda for 

future research are also considered within the next chapter. 
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Appendix 7A.1 

 

Table 7A.1: Short run impact of the Place-Neutral fertilizer subsidy policy on 

industry output 

 
  Industry change in output 

1 Processed Rice 1.915251 

2 Paddy 1.349051 

3 Other food & Beverages 0.358776 

4 Other milled products 0.280341 

5 Real Estate Activities 0.23421 

6 Financial Intermediation 0.14447 

7 Processed Tea  0.131024 

8 Electricity 0.122012 

9 Tobacco Products 0.11649 

10 Trade and Repair Work 0.116241 

11 Water (for domestic/ industry) 0.105695 

12 Land Transport 0.104393 

13 Refined Petroleum Products 0.093415 

14 Firewood (in logs and billets) 0.085389 

15 Meat and processed Fish, Fruit & Veg.  0.080794 

16 Tea Leaves 0.070904 

17 Potatoes 0.063152 

18 Other Vegetables 0.06171 

19 Insurance and Pension Funding 0.059722 

20 Hotels and Restaurants 0.058167 

21 Dairy Products 0.053396 

22 Other Services 0.053335 

23 Basic Chemicals 0.049937 

24 Furniture 0.048039 

25 Construction Service 0.047552 

26 Coconut  0.041434 

27 Post and Telecommunications 0.038943 

28 Live Animal (for meat and draft ) 0.035211 

29 Logs (timber) 0.032886 

30 Maize 0.027955 

31 Air Transport 0.024376 

32 Water Transport 0.021385 

33 Fish (Inland and Marine) 0.020597 

34 Wearing apparel, except fur  0.019911 

35 Other Agriculture and Hunting  0.016548 

36 Transport Equipment 0.013501 

37 Health and Social Services 0.012981 

38 Education 0.012583 

39 Mining and Quarrying 0.010267 
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40 Fruits (fresh) 0.010019 

41 General-purpose Machinery 0.006588 

42 Special-purpose Machinery 0.006523 

43 Other Cereals 0.005748 

44 Other Beverages and Spice  0.005032 

45 Rubber (natural) 0.003018 

46 Rubber Products 0.002998 

47 Public Administration and Defence 0 

48 Recycling Waste and Scrap -0.001083 

49 Electronic Equipment -0.001574 

50 Other Textiles (Other than apparel) -0.002008 

51 Plastics Products -0.002385 

52 Wood Products -0.004325 

53 Medical, ,Optical, Photographic Equip. -0.005367 

54 Basic metals -0.006691 

55 Fabricated Metal Products -0.007729 

56 Electrical Machinery and Apparatus -0.008865 

57 Knitted and Crocheted Fabrics  -0.010284 

58 Leather Products and Footwear -0.010549 

59 Other Chemical Products -0.011387 

60 Computers -0.011985 

61 Other Transportable Goods -0.013331 

62 Textile Fabrics  -0.015032 

63 Paper Printed Matter and Related Articles -0.018638 

64 Supporting and Auxiliary Transport  -0.023848 

65 Non-metallic Mineral Products n.e.c. -0.02705 

Source: Authors Calculations based on simulation results 
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Table 7A.2 Short run impact of the Place-based policy to develop irrigation 

infrastructure in Northern Province on industry output 

 
  Industry change in output 

1 Computers 0.461136 

2 Other food & Beverages 0.196947 

3 Other Transportable Goods 0.158571 

4 Paper Printed Matter and Related Articles 0.084753 

5 Mining and Quarrying 0.06937 

6 Other milled products 0.059199 

7 Fabricated Metal Products 0.059157 

8 Textile Fabrics  0.043227 

9 Refined Petroleum Products 0.036283 

10 Financial Intermediation 0.031293 

11 Medical, ,Optical, Photographic Equip. 0.03039 

12 Coconut  0.029046 

13 Water (for domestic/ industry) 0.017498 

14 Rubber (natural) 0.012645 

15 Rubber Products 0.011325 

16 Wood Products 0.007352 

17 Electricity 0.006215 

18 Water Transport 0.005898 

19 Other Chemical Products 0.004276 

20 Air Transport 0.000001 

21 Construction Service -5.8E-05 

22 Insurance and Pension Funding -0.0055 

23 Education -0.00584 

24 Other Textiles (Other than apparel) -0.00613 

25 Potatoes -0.01021 

26 Other Vegetables -0.0115 

27 Logs (timber) -0.01151 

28 Real Estate Activities -0.01182 

29 Recycling Waste and Scrap -0.01296 

30 Post and Telecommunications -0.01364 

31 Non-metallic Mineral Products n.e.c. -0.0142 

32 Land Transport -0.01524 

33 Supporting and Auxiliary Transport  -0.01949 

34 Tobacco Products -0.01962 

35 Dairy Products -0.01997 

36 Trade and Repair Work -0.0205 

37 Transport Equipment -0.02059 

38 Basic metals -0.02155 

39 Meat and processed Fish, Fruit & Veg.  -0.02261 

40 Firewood (in logs and billets) -0.02602 

41 Electronic Equipment -0.02839 

42 Tea Leaves -0.0307 
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43 Fruits (fresh) -0.03106 

44 Public Administration and Defence -0.03184 

45 Wearing apparel, except fur  -0.03278 

46 Other Beverages and Spice  -0.03346 

47 General-purpose Machinery -0.03498 

48 Paddy -0.03621 

49 Special-purpose Machinery -0.0388 

50 Health and Social Services -0.04114 

51 Basic Chemicals -0.04878 

52 Processes Rice -0.05718 

53 Fish (Inland and Marine) -0.0698 

54 Other Agriculture and Hunting  -0.0706 

55 Other Cereals -0.07522 

56 Maize -0.07744 

57 Plastics Products -0.07917 

58 Live Animal (for meat and draft ) -0.08969 

59 Tea  -0.09343 

60 Other Services -0.09466 

61 Hotels and Restaurants -0.09652 

62 Knitted and Crocheted Fabrics  -0.10945 

63 Leather Products and Footwear -0.14923 

64 Electrical Machinery and Apparatus -0.15038 

65 Furniture -0.16564 

Source: Authors Calculations based on simulation results 
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Table 7A.3 Short run impact of the place-based policy to develop irrigation 

infrastructure in Eastern Province on industry output 

 
  Industry change in output 

1 Construction Service 0.466322 

2 Logs (timber) 0.202518 

3 Real Estate Activities 0.132531 

4 Water (for domestic/ industry) 0.077878 

5 Financial Intermediation 0.077431 

6 Electricity 0.060161 

7 Firewood (in logs and billets) 0.038724 

8 Tobacco Products 0.033163 

9 Land Transport 0.032873 

10 Trade and Repair Work 0.031599 

11 Non-metallic Mineral Products n.e.c. 0.027019 

12 Other Vegetables 0.021136 

13 Other food & Beverages 0.019423 

14 Refined Petroleum Products 0.011585 

15 Potatoes 0.010866 

16 Insurance and Pension Funding 0.007313 

17 Health and Social Services 0.006055 

18 Education 0.004712 

19 Paddy 0.001902 

20 Basic metals 0.001324 

21 Public Administration and Defence 0 

22 Coconut  -0.00007 

23 Mining and Quarrying -0.00145 

24 Fish (Inland and Marine) -0.00211 

25 Dairy Products -0.0062 

26 Other Cereals -0.00967 

27 Maize -0.01019 

28 Other Agriculture and Hunting  -0.01022 

29 Electrical Machinery and Apparatus -0.01056 

30 Live Animal (for meat and draft ) -0.01141 

31 Rubber Products -0.0118 

32 Fruits (fresh) -0.01227 

33 Other Services -0.01426 

34 Post and Telecommunications -0.01582 

35 Other Beverages and Spice  -0.01648 

36 Rubber (natural) -0.01664 

37 Other Textiles (Other than apparel) -0.0175 

38 Special-purpose Machinery -0.01864 

39 Tea Leaves -0.02265 

40 Meat and processed Fish, Fruit & Veg.  -0.02335 

41 Basic Chemicals -0.02345 

42 Recycling Waste and Scrap -0.02462 
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43 General-purpose Machinery -0.02593 

44 Processes Rice -0.02677 

45 Tea  -0.0278 

46 Plastics Products -0.02829 

47 Hotels and Restaurants -0.02901 

48 Electronic Equipment -0.0313 

49 Fabricated Metal Products -0.03227 

50 Other milled products -0.03466 

51 Computers -0.044 

52 Medical, ,Optical, Photographic Equip. -0.04654 

53 Wearing apparel, except fur  -0.05698 

54 Textile Fabrics  -0.06043 

55 Leather Products and Footwear -0.06089 

56 Knitted and Crocheted Fabrics  -0.06624 

57 Furniture -0.07714 

58 Transport Equipment -0.07749 

59 Paper Printed Matter and Related Articles -0.07785 

60 Other Chemical Products -0.07906 

61 Other Transportable Goods -0.08179 

62 Air Transport -0.09132 

63 Water Transport -0.12421 

64 Wood Products -0.13476 

65 Supporting and Auxiliary Transport  -0.13522 

Source: Authors Calculations based on simulation results 
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Table 7A.4 Short run impact of the place-based policy to develop fisheries 

harbours in Northern Province on industry output 

 
  Industry change in output 

1 Construction Service 0.4611 

2 Logs (timber) 0.1969 

3 Real Estate Activities 0.1586 

4 Financial Intermediation 0.0848 

5 Tobacco Products 0.0694 

6 Water (for domestic/ industry) 0.0592 

7 Electricity 0.0592 

8 Land Transport 0.0432 

9 Firewood (in logs and billets) 0.0363 

10 Other Vegetables 0.0313 

11 Trade and Repair Work 0.0304 

12 Other food & Beverages 0.0290 

13 Potatoes 0.0175 

14 Non-metallic Mineral Products n.e.c. 0.0126 

15 Refined Petroleum Products 0.0113 

16 Health and Social Services 0.0074 

17 Coconut  0.0062 

18 Education 0.0059 

19 Insurance and Pension Funding 0.0043 

20 Public Administration and Defence 0.0000 

21 Paddy -0.0001 

22 Mining and Quarrying -0.0055 

23 Dairy Products -0.0058 

24 Basic metals -0.0061 

25 Fish (Inland and Marine) -0.0102 

26 Other Agriculture and Hunting  -0.0115 

27 Maize -0.0115 

28 Other Cereals -0.0118 

29 Electrical Machinery and Apparatus -0.0130 

30 Rubber Products -0.0136 

31 Live Animal (for meat and draft ) -0.0142 

32 Fruits (fresh) -0.0152 

33 Other Services -0.0195 

34 Rubber (natural) -0.0196 

35 Other Textiles (Other than apparel) -0.0200 

36 Other Beverages and Spice  -0.0205 

37 Post and Telecommunications -0.0206 

38 Other milled products -0.0215 

39 Special-purpose Machinery -0.0226 

40 Tea Leaves -0.0260 

41 Recycling Waste and Scrap -0.0284 

42 General-purpose Machinery -0.0307 
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43 Basic Chemicals -0.0311 

44 Tea  -0.0318 

45 Hotels and Restaurants -0.0328 

46 Plastics Products -0.0335 

47 Electronic Equipment -0.0350 

48 Processes Rice -0.0362 

49 Fabricated Metal Products -0.0388 

50 Meat and processed Fish, Fruit & Veg.  -0.0411 

51 Computers -0.0488 

52 Medical ,Optical, Photographic Equip. -0.0572 

53 Textile Fabrics  -0.0698 

54 Leather Products and Footwear -0.0706 

55 Knitted and Crocheted Fabrics  -0.0752 

56 Wearing apparel, except fur  -0.0774 

57 Furniture -0.0792 

58 Paper Printed Matter and Related Articles -0.0897 

59 Transport Equipment -0.0934 

60 Other Chemical Products -0.0947 

61 Other Transportable Goods -0.0965 

62 Air Transport -0.1095 

63 Water Transport -0.1492 

64 Wood Products -0.1504 

65 Supporting and Auxiliary Transport  -0.1656 

Source: Authors Calculations based on simulation results 
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 Chapter 8: Conclusions 

8.1. Concluding Remarks 

As outlined in Chapter 1 and repeated at the end of Chapter 7, the research question 

this thesis seeks to address is as follows:   

 

 Can a multiregional CGE model based quantitative method be used for analysing 

the relative merits of alternative policies incorporating place-based and place-

neutral approaches aimed at achieving regionally balanced economic growth in a 

developing country context? 

 

This chapter summarises the findings made by this thesis (in Section 8.1) and 

provides (in section 8.2) some suggestions for policy makers and development 

practitioners interested in further exploring our research question. The contributions made 

by this thesis are highlighted in Section 8.3, and limitations of the study are also discussed 

briefly in Section 8.4. Finally an agenda for further extending this research is provided in 

Section 8.5.  

 

8.2. Summary Findings of Thesis 

The first chapter of the thesis identifies a research question for the current study and 

develops a broader framework for the research. Development thinking has evolved over 

time and the role of spatial inequalities in development has increasingly been a point of 

contention in the recent literature. While some regional economists advocate addressing 

the problem of regional disparities with the use of place-based development policies, 

economists who prioritise national growth and economic efficiency favour the use of 

place-neutral policies. Policy makers in developing nations have a dilemma in selecting 

a set of policies for their countries so that they can satisfy both national growth and 

regional disparity reduction objectives. The lack of empirical literature about the outcome 

of these broadly categorised policies as well as a proven and practical tool for analysing 

the economy-wide impact of suggested alternative policies represent a major constraint 

faced by those policy makers. This research attempts to narrow down this gap by 

developing a multi-regional CGE model based analytical approach for use in analysing 

the economy-wide impact of place-based and place-neutral polices and also by carrying 

out a set of illustrative simulations to highlight the relative merits of these alternative 
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policy approaches. Sri Lanka was selected as a case study for this purpose. This country 

is characterised by persistent regional disparities and has a current political commitment 

to adopt a more regionally balanced development approach. The ease of accessing the 

required data for constructing a multiregional CGE model as well as the researcher’s prior 

analytical experience and awareness about this particular national context were other 

considerations guiding this choice.  

 

The second chapter on regional disparities and emerging policy responses starts 

with a brief overview about the concept of regionally balanced development. It briefly 

reviews the literature on regional disparities in different countries and also discusses 

emerging global policy responses to this problem. A systematic analysis of regional 

disparities in Sri Lanka is carried out using five widely used indicators and provincial 

GDP data for Sri Lanka for 16 years starting from1996. As the analytical results reveal a 

considerable level of regional disparity exists, although there is evidence of a declining 

trend from year 2000 onwards. While the Western Province, based around the national 

capital of Colombo, is dominating in the national economy and produces nearly 50% of 

the national GDP, poorer and rural regions (such as the Uva and Northern provinces) are 

lagging behind -- producing only 4% of the national GDP each. The long lasted civil 

armed conflict has also contributed to the disparity and the prevailing regional disparities 

of the country might have been a factor contributing to this civil conflict. Even though 

the country was believed to have potential to achieve a vibrant economic growth in its 

post-independence era, the country has failed in achieving this potential mostly due to the 

weak economic policies it adopted and also due to the civil conflict it has experienced. 

The published paper on regional disparities based on this chapter further explains this 

situation. After achieving a decisive end to the armed conflict in 2009, the country has 

got another chance to capitalize on its development potentials with the adoption of more 

regionally balanced development approaches. The Sri Lankan regime, as well as the 

policymakers of the country, is currently motivated towards formulating some effective 

development strategies for the country. A systematic and practical tool for analysing the 

economy-wide regional and national impacts of suggested alternative policies based on 

both placed-based and place-neutral approaches are vital for the country at this juncture. 

A tool that facilitates a comparison of policies by highlighting both their national 

economic growth and regional disparity reduction impacts would represent a good 

evidence-based decision support system for policy makers.  
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The third chapter comprises a comprehensive review of existing regional policy 

analysis tools and identifies the multiregional CGE modelling method as the best 

analytical approach for the development of the required evidence-based decision support 

system. The potential outcomes of alternative policy options can be projected via the use 

of an economy-wide model, and a general equilibrium approach is required for the 

purpose. I-O and SAM approaches are constrained in terms of appropriateness for this 

purpose by their restrictive assumptions on fixed prices and perfectly elastic supply. Since 

stochastic and disaggregated multiregional CGE models are scarce a calibrated 

multiregional CGE modelling approach is selected. The use of a bottom-up multiregional 

model is favoured since a top-down model is not recommended for analysing the outcome 

of regional, as opposed to national, policy shocks. A bottom-up multiregional model 

using the Australian TERM modelling approach is selected over the more realistic MMRF 

type of model mainly because of the constraints surrounding available data at the regional 

level in the Sri Lankan context. Further the method is argued to be adequate for use for a 

country like Sri Lanka with weak regional governments. 

 

The fourth chapter explains the theoretical foundation and analytical approaches of 

the new Sri Lankan CGE models developed for this study. Even though the main analysis 

of the study is based on the new Multiregional CGE model SLBMRC-GEM, the chapter 

first outlines the development of a new top-down multiregional CGE model for Sri Lanka 

that it names as SLTMRC-GEM. This is necessary since the process of developing a 

TERM type bottom-up multiregional model starts with a working top-down multiregional 

model. Since the theoretical assumptions and analytical approaches of the bottom-up 

model is similar to that of the corresponding top-down model, the structure of the newly 

developed SLTMRC-GEM is explained in detail and the structure of the corresponding 

SLBMRC-GEM is only explained in detail where it differs in structure and 

operationalisation.  

 

The fifth chapter explains the Sri Lankan data set used in calibrating the SLBMRC-

GEM (and by implication the SLTMRC-GEM) model. By the time this study was started, 

Sri Lanka had an I-O table available for year 2000 and an unpublished 28 industries and 

52 products SUT with some limitations. The new Sri Lankan models were initially 

planned to be calibrated by improving the existing SUT by the researcher himself. But a 
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new Sri Lankan project completed during the course of the PhD enabled use of a vastly 

improved national I-O and SUT database. The first part of the chapter explains the basic 

structure of this new Sri Lankan I-O database, and the process of reorganizing this I-O 

database to a national CGE model database is described. Since the selected illustrative 

policies needed to be simulated from the post-civil war base year of 2011, the 2006 Sri 

Lankan database was systematically updated using a GEMPACK based computer 

program Adjuster. Next the bottom-up multiregional model was calibrated with the 

updated database. Regional data on production, investment, private and government 

consumption, were estimated using the regional shares calculated from data from the 

Central Bank of Sri Lanka. The elasticity parameters required in implementing the 

SLBMRC-GEM model were borrowed from the existing literature and most of them are 

based on the GTAP model. Since Sri Lanka does not have any estimated interregional 

trade matrix, an interregional trade matrix is systematically constructed by using a 

GEMPACK based TERM model data construction approach. The TERM model based 

software uses a modified gravity modelling approach for estimating these interregional 

trade flows, and so too does the SLBMRC-GEM developed in this thesis. 

 

The sixth chapter provides a brief description of the policies and industrial sectors 

selected for the policy simulations within this thesis. While the selection of a nationally, 

as well as regionally, important set of illustrative policies is critical for evaluating the 

research question of this thesis, a clear picture of the national and regional significance 

of these policies is utterly important when explaining the results of these simulations. 

Rice is the staple food of Sri Lanka, and the paddy sector is important for Sri Lankans in 

all regions. The industry provides livelihood for a large number of low skilled poor Sri 

Lankan labourers in all provinces of the country. Most of the small scale farmers cultivate 

their own lands mostly with family labour. The imported chemical fertilizer is a major 

purchased input and cost constraint for many poor farmers. Currently cultivated improved 

paddy varieties are highly responsive to fertilizer and a reduction in fertilizer use may 

reduce the yield. Hence the government has been providing subsidized fertilizer to paddy 

farmers for number of years. Irrigation water is a crucial input for paddy farming since 

the crop is water intensive. Both the fertilizer and irrigation water impact on the 

productivity of the land. The fisheries sector is another primary industry that provides 

livelihood for thousands of people in the coastal zone of five of Sri Lanka’s regions. Fish 

is consumed in all regions and it is the major protein provider for the nation. Fisheries 
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harbours that provide landing sites and many other services (such as storage and handling 

of fish) are crucial infrastructure for this industry, and have the potential for increasing 

the primary factor productivity of the sector. 

 

The seventh chapter evaluates the research question stated in in the first chapter 

with a set of illustrative simulations. It first introduces a new generalized experimental 

design for comparing policies by taking into account their economy wide-impacts 

projected through CGE simulations. Even though the CGE modelling method cannot be 

used for hypothesis testing, simulation of two policies with the same implementation cost 

using the same model, dataset and closure facilitates the comparison of the projected 

impacts of these two policies. The experiment to evaluate the research question is 

designed with nine simulations carried out in three steps. The purpose of the first step 

(with simulation one) is to develop a model dataset that represents a hypothetical Sri 

Lankan economy with reduced fertilizer subsidy and a budget surplus which is adequate 

to implement the policies that are the subject of the remaining simulations. A place-

neutral policy to increase fertilizer subsidy by 25% was selected as the selected base case 

and a place-based policy to develop irrigation infrastructure in the Northern Province with 

the similar cost (as the fertilizer subsidy policy) was selected for the main experiment. 

However, an alternative place-based policy to develop irrigation infrastructure in the 

Eastern province was selected for testing the regional sensitivity of the main place-based 

policy. A policy to develop fisheries harbours in the Northern Province was also selected 

to test the industry sensitivity of the main place-based policy. The second step consists of 

four simulations used to test the short run impacts of the four selected policies. The third 

step consists of another four simulations to test potential long run impacts of these same 

policies. Since the evaluation of the research question is mostly based on national and 

regional GDP comparisons, the description of results in this the chapter is also focused 

on reporting these macro magnitudes. However other variables projected via the use of 

SLBMRC-GEM were used in describing how changes in national and regional GDP 

occurred. Reported industry results were used to explain the initial and flow-on impacts 

of the simulated policies. Next the results of CGE simulations were linked with regional 

disparity analysis in order to allow a comparison of the regional disparity reduction 

impact of the selected policies. The selected place-neutral policies have a larger national 

GDP growth impact compared with the selected place-based policies. The regional 

disparity reduction impacts of the place-based policies are higher than the corresponding 
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place-neutral policy in the short run situation. In the long run situation, however, the 

selected place-neutral fertilizer subsidy policy has higher impacts on national GDP 

growth as well as regional disparity reduction than the place-based irrigation policy 

focussed on development of irrigation infrastructure in Northern Province. This outcome 

is similar even with the alternative place-based policy to develop irrigation infrastructure 

in the Eastern province. However the projected GDP growth and disparity reduction 

impact of the place-based fisheries harbour development policy is higher than that of our 

selected place-neutral policy. 

 

8.3. Policy Implications 

The simulation results suggest that in the short run, while the place-neutral policies 

are better in inducing national growth, place-based policies are better for reducing the 

regional disparities. The long run simulations provide some mixed results. The outcomes 

of simulations of alternative policy options can be expected to vary with the industry and 

policy considered. Further, the simulation of a few selected policies related to couple of 

industrial sectors within a single country is not adequate for providing a definitive answer 

to the question of whether place-neutral or place-based policies are better. However 

providing such an answer was not the objective of this thesis in any case, rather we sought 

to demonstrate that a bottom-up multiregional CGE model could be developed and used 

to highlight the potential impacts of various development policy options – including both 

place-based and place-neutral variants. 

 

The set of illustrative simulations provided as part of this thesis clearly demonstrate 

the relevance of the research design introduced in this study in comparing alternative 

policies based on their economy-wide impacts. The linking of disparity analysis with the 

multiregional CGE modelling approach allows the comparison of policies taking both the 

national growth and regional disparity reduction impacts into account. The research 

framework introduced in Chapter 1 highlights the potential benefits to be obtained from 

incorporating the multiregional CGE modelling approach into ongoing planning and 

policy cycle of a country like Sri Lanka. 
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8.4. New Contributions 

This thesis has made several new contributions. It attempts to compare the relative 

merits of place-neutral and place-based policies for achieving regionally balanced 

development using a multiregional CGE modelling approach – and this has not been done 

previously. The research design used in comparing alternative policies based on these 

approaches by considering their projected economy-wide impacts is a novel approach. 

The study also demonstrates the possibility of combining the results of CGE simulations 

focussing primarily on macro magnitudes such as GDP with a systematic regional 

disparity analysis. This has, to the author’s knowledge, not been done previously. The Sri 

Lankan multiregional CGE model developed in this study also represents a major 

contribution as no-one has developed such a model for Sri Lanka to date. This thesis has 

demonstrated the possibility of developing such models for Sri Lanka and so hopefully 

this will encourage Sri Lankan scholars and policy makers to explore even more rigorous 

multiregional economy-wide analysis in the future. The systematic regional disparity 

analysis for Sri Lanka conducted using five indicators and 16 years of data is also a major 

contribution of this thesis. The published paper based on this part of the thesis also 

demonstrates a potential alternative approach for use in understanding the beta 

convergence of a country in a situation where there are only a few provinces and where 

there is a limited time series of observations for these regions. This situation results in an 

inadequate number of observations for valid statistical analysis, and yet our alternative 

approach provides a suitable alternative means for exploring beta convergence or 

divergence and its underlying causes. 

 

8.5. Limitations 

The analysis carried out in this thesis is not free from limitations: 

 

 Even though the multiregional CGE modelling approach is selected as the most 

suitable analytical approach for use in this thesis, this method has some of its 

inherent limitations as described in chapter two.  

 The scope of the Sri Lankan multiregional CGE model was restricted by the 

available Sri Lankan data. For example the sector classification had to be limited 

to 65 industries. Similarly the import duties row is missing from the underlying 

database. Nevertheless the sector classification used in this study is superior to 
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previous Sri Lankan CGE models and the precision of the data should also be 

comparatively higher since the database for the SLBMRC-GEM is constructed 

through a SUT based systematic methodology.  

 The selected base year for simulations required an updating of the 2006 dataset to 

year 2011. Though the updating of the database was carried out with an automated 

modified RAS method with the GEMPACK based adjuster program, it is difficult 

to guarantee whether the updated dataset fully represent the 2011 situation. There 

is a possibility that regional consumption and production shares for year 2011 

used in generating the regional dataset may be skewed due to some post-civil war 

rehabilitation projects based in the Northern and Eastern regions. 

 The elasticity and other parameters for the model have to be obtained from 

previous studies since the calculation of those parameters are beyond the time and 

resources of the author of this thesis. When previously reported parameters were 

not available for some sectors, those sectors had to be mapped with a closely 

related sector and the relevant parameter assumed to be identical. This can also 

create some bias in terms of the simulation results reported in this thesis.  

 The interregional trade flow matrix incorporated in the model was constructed 

mechanically using the TERM model’s gravity model based methodology. This 

could be improved over time using superior data available locally, as well as by 

exploring the sensitivity of the resulting trade flows to the parameters employed 

in the TERM model algorithms. 

 The CGE model employed uses a comparative static methodology, and as such it 

can only be used for counter-factual simulations. 

 The CGE model employed assumes perfect competition for all industrial sectors, 

does not have a monetary sector and does not incorporate a government (or fiscal 

policy focussed) sector. 

 

Though the analysis has some limitations that are beyond the control of the 

researcher, the construction of a multiregional CGE model for Sri Lanka for the first time 

with available regional data represents a significant contribution to the literature.  
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8.6. Further Research Agenda 

 

The current study can be extended in several directions: 

 

  Simulation of number of different place-based and place-neutral policies related 

to different sectors of the Sri Lankan economy would be helpful in providing a 

stronger conclusion on the relative merits of place-based and place-neutral 

policies in generating regionally balanced development of Sri Lanka.  

 Conduct of similar policy simulations and disparity analysis for several countries 

would also provide a more definitive answer to the question about the relevance 

of the two different policy approaches.  

 The interpretation of the results and further analysis carried out in this study is 

mostly confined to the GDP growth impact since this is adequate to evaluate the 

research question, and also a function of the time and resource limitations of the 

author. Further analysis of the CGE model results can be carried out in a future 

study.  

 The current multiregional model is restricted to a single labour type and a single 

representative household and while this is adequate for the purpose of evaluating 

the current research question the researcher is planning to extend the model for 

multiple labour types and multiple households in the future.  

 Linking of the multiregional CGE output with a microsimulation model may also 

be helpful in understanding the impact of the policy shocks on different 

households. Even though this study attempted to compare policies of place-based 

and place-neutral approaches, the introduced methodology can be used either in 

comparing different place-based or different place-neutral approaches and their 

impact at the household level. 

 The regional data employed in generating the multiregional database was 

restricted to row and column totals for the most part, yet superior data exists and 

can be drawn from various published and unpublished sources. The current 

database can therefore be improved over time and updated as new data is 

identified and released for use by relevant government agencies. 
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 The elasticity parameters incorporated in the model could be improved over time, 

especially for those sectors and parameters identified via our systematic 

sensitivity analysis as more critical to the overall simulation results. 

 The interregional trade flows incorporated into the model could be improved – 

there are alternative and better gravity type models that could be substituted for 

the standard TERM model algorithms and the sensitivity of projected impacts to 

the existing trade flow matrix could be explored in more detail. 

 The use of a dynamic rather than a comparative static CGE modelling approach 

is also something that could be explored in the future.  

 

Answering the question of which policy options may be best for forging a future 

balanced growth path for a given nation is a huge task for a single individual researcher 

within the timeframe and resources associated with completing a PhD. While this thesis 

has demonstrated the usefulness of employing a multiregional CGE model in providing 

an evidence base for use in answering this question, there is a lot of additional research 

required in this area. A selected number of future research directions have been identified 

in the above dot points, and it is hoped that both the current researcher and other scholars 

will take the opportunity to explore some of these options. 
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