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ABSTRACT 

This thesis focused on food market integration, the presence of asymmetry in the price 

transmission (APT) process and food security. It is an empirical investigation of food 

market efficiency in terms of market integration, the presence of APT, and their effects 

on food security of consumers. By undertaking a series of empirical studies using both 

primary and secondary data on key food markets in Sri Lanka, the thesis helps to fill a 

research gap in the literature regarding the connection between food market efficiency 

and food security in general. It also helps to fill a knowledge gap in the Sri Lankan food 

security literature.  

The thesis specifically attempted to assess the market linkage among the wholesale and 

the retail markets for rice, vegetables and fish in Sri Lanka, with special emphasis on 

the difference in the rate at which price increases and decreases at one market level are 

transmitted to the other market level. Since the presence of APT has implications for 

food security of people, in this thesis an analytical model was developed to describe and 

quantify the food security impacts of the presence of APT in the Sri Lankan food 

markets. The study also has attempted to explore price volatility spill-over between 

vegetable markets, and the farmer’s share of the retail prices of vegetables. 

The quantitative analysis of the thesis employed a number of advanced econometric 

techniques. The asymmetric Threshold Autoregressive (TAR) model was used in 

assessing market integration and the presence of APT whilst the Nelson’s Exponential 

GARCH model (EGARCH) was used to identify the dynamics of the volatility spill-

over between vegetable markets.  

The results of the study confirmed that the wholesale and the retail markets of both rice 

and vegetables, and one of the three fish markets studied, are integrated. The empirical 

investigation further revealed that in all integrated markets except in the vegetable 
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markets, the retail prices adjust immediately to wholesale price increases, as compared 

to wholesale price decreases. The effects of this retail asymmetry, where consumers are 

temporarily denied the benefits of price decreases at the wholesale markets, are then 

explained and quantified using an analytical model developed in the thesis. Estimates of 

the model confirmed that there are considerable food security impacts of the presence of 

APT in the Sri Lankan food marketing system. Lastly, the price volatility spill-over 

analysis revealed that even though volatility does spill over between vegetable markets, 

the extent of the volatility spill-over from farm-gate to the other market is low. 

Furthermore, the analysis on the farmer’s share of the retail price of vegetables 

indicated that farmers are getting a reasonable share of the retail prices of vegetables, 

although their share is comparatively low during harvesting periods.  

The findings of the study which disclosed some of the pricing inefficiencies and their 

possible effects on food security can be of vital use for policymakers. Especially, the 

findings of this study can be used to device alternate policy measures that enhance food 

security through better market mechanism. Furthermore, the thesis provides future 

research directions to explore the factors that have contributed to market segmentation 

and asymmetry in price transmission process. 
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CHAPTER 1 INTRODUCTION 

1.1 SIGNIFICANCE OF RESEARCH AREA AND MOTIVATION 

 

Food security has become one of the greatest challenges the world is facing today 

exacerbated by the effects of climate change and the recent episodes of the 2007/2008 

and 2010/2011 global food crises (Wheeler & von Braun, 2013). An interest on food 

security has therefore revived among policy analysts and practitioners at national and 

global levels in discussing and inventing policy reforms to confront the challenge of 

escaping the threat of food insecurity (Duncan & Barling, 2012; Hinrichs, 2013).  

Food insecurity can be tackled through improvement in three main pillars of food 

security: food availability, accessibility and utilization (Quisumbing et al., 1995; Power, 

2008; Barrett, 2010). Increase in food availability through a boost in food production 

has become a challenging task. This is because food production has been constrained by 

climate change and by ever increasing competition for land, water and other resources 

(Pingali, 2007; Godfray et al., 2010). Therefore, a focus on food production alone to 

alleviate food insecurity is insufficient (Vermeulen et al., 2012; Hinrichs, 2013).  

As Barrett (2002), and Rosegrant and Cline (2003) indicated, policy and investment 

reforms need to be undertaken on multiple fronts, including agricultural markets, rural 

infrastructure and labour markets in order to tackle food security. These reforms will 

ultimately lead not only to an increase in food availability, but also an increase in food 

affordability. Specifically, given that the majority of the food insecure is poor, 

undertaking policy reforms to increase food affordability or improve access to food is of 
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great importance (Von Braun, 1995; Anderson & Roumasset, 1996; Timmer, 2000; 

Barrett, 2010).  

Means of achieving improved economic access to food is the subject of much 

discussion (Gregory et al., 2005) and is centred around two main areas: targeting 

economic growth which leads to income and employment generation, and targeting 

food market efficiency which serves the interest of both food producers and consumers. 

Given that a large majority of the world’s population depends on food markets for their 

food requirements (Barrett, 2002), improving the efficiency of the food market is 

expected to bring significant progress in reducing food insecurity. Specifically, 

strengthening the network of food markets which facilitate efficient food price 

movement between vertically and spatially separated markets is seen as one of the most 

efficient ways of allocating resources and coordinating food consumption and 

production (Baulch, 1997).  

This networking of markets, known as market integration, contributes significantly to 

reducing food insecurity in many ways (Van Campenhout, 2007). Market integration 

ensures smooth prices across markets and reduces price volatility in food markets by 

connecting food surplus and deficit areas. In doing so, market integration prevents 

localized hunger and guarantees a fair and stable price to all the agents in the supply 

chain, raising their income levels whilst reducing fluctuations in income (Timmer et al., 

1983; Ravallion, 1986; Fafchamps, 1992; Pinckney, 1993; Barrett, 2002). Market 

integration also enhances the efficiency of resource use and food distribution by 

strengthening the coordination between agents in the marketing channel (Ravallion, 

1986; Silvapulle & Jayasuriya, 1994; Pingali, 2007).  
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Enhancing food market efficiency not only targets improving market integration, but 

also eliminating inefficiencies in food marketing systems, that prevent benefits of 

market integration from being fully realized. The presence of an asymmetric price 

transmission (APT) process, where price increases and decreases at one market level 

exert different effects on the prices at the other market, is one of those inefficiencies 

which prevents the effective transmission of food prices between markets (Miller & 

Hayenga, 2001; Chavas & Mehta, 2004). The presence of APT creates ‘stickiness’ in 

price and delays the responses of both producers and consumers to price changes in 

food markets (Ward, 1982; Griffith & Piggott, 1994; Miller & Hayenga, 2001; Meyer & 

Cramon‐Taubadel, 2004; Ben-Kaabia & Gil, 2007). This prolonging delay in 

responding to demand and supply changes in food markets hampers the decision 

making regarding both food production and consumption, leading to lowering food 

market efficiency and economic access to food. Therefore, it is important to have a 

well-integrated food marketing system without the presence of APT to ensure food 

market efficiency and in turn food security. 

Although the importance of having an efficient food marketing system to increase 

economic access to food is widely acknowledged, little attempt has been made to 

explore and reinforce the connection between the two empirically. More precisely, most 

of the available literature has focused on the connection between food market efficiency 

and food security, in one direction. For example studies undertaken by Sen (1977) on 

the Great Bengal Famine (1943), by Ravallion (1987) on the Bangladesh famine 

(1974/75), by Ó Gráda and Chevet (2002) on European famines (1693/94 and 1704/10), 

and by Von Braun et al. (1999) on famines in Africa have focused on investigating the 

effect of extreme food insecurity situations on food market performance. However, the 

connection between food insecurity and food market efficiency can be viewed in the 
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reversed direction as well. That is, food market efficiency can be investigated as a cause 

of food insecurity. This link has not been fully studied empirically and hence there is a 

research gap to fill. 

Given this research gap, this thesis aims to gain insights into the food security effects of 

food market inefficiencies, mainly in terms of market integration and the presence of 

APT. Sri Lanka will be used as a case study for this purpose. As outlined in the 

following section, the thesis focuses on assessing food market integration and the 

presence of APT in key Sri Lankan food markets and then develops an analytical model 

to describe and quantify the food security impacts of the presence of APT.   

1.2 RESEARCH QUESTIONS 

Based on the research gap identified in the literature on the link between food market 

integration and food security, the main research theme of this thesis is centred on three 

main research questions:  

Are the Sri Lankan food markets efficient in terms of vertical market integration and the 

presence of APT in the price transmission process?  

In vertically integrated markets, do price increases and decreases in one market exert the 

same effect on prices in the other market?  

If not, what are the implications of this asymmetric price transmission for consumer 

food security? 

Answering these questions based on the experience of the key Sri Lankan food markets 

is expected to fill the research gap identified. Specific objectives of the thesis are:  

 to develop an analytical model in order to demonstrate the sensitivity of 

consumers’ food security to food price rises; 
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 to assess the food security situation in Sri Lanka; 

 to investigate food market integration and the presence of APT in key food 

markets in Sri Lanka; 

 to develop an analytical model to assess the impact of the presence of APT on 

food security of individuals. 

 to simulate the effects of the presence of APT on the food security of Sri Lankan 

consumers, using the developed analytical model. 

In addition to these objectives, the following additional objectives are intended to 

examine with respect to vegetable markets as price volatility is one of the main 

inefficiencies in vegetable markets: 

 to assess the price volatility spill-over between farm-gate, wholesale and retail 

vegetable markets in Sri Lanka; and 

 to assess the farmer’s share of the retail price of vegetables. 

1.3 CONTRIBUTION OF THE STUDY 

The thesis makes two significant contributions to food security literature in general and 

food security literature on Sri Lanka in particular. 

 The thesis endeavours to narrow the gap in the existing literature on efficiency 

in food markets and its impacts on the food security of individuals. Although 

there are plenty of studies which document the possible impacts of APT on food 

security, the amount of research which targets quantifying the economic impact 

of APT on consumers is limited. An extensive literature review revealed that 

there is only one study on this aspect, Zheng et al. (2010). However, in this 
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research the impact of APT on welfare loss was calculated through 

compensation variation associated with the presence of APT. Instead of this 

welfare loss, the analytical model developed in this thesis estimates the forgone 

consumption. The forgone consumption estimated in the model provides an 

indirect measure of the effect of the presence of APT on food security. The 

salient feature of this model, therefore, is that it allows researchers to infer the 

extent of the negative consequences of inefficiencies present in the price 

transmission process.  

 The thesis adds new empirical findings to the literature on Sri Lankan food 

market efficiency and food security. More importantly, it provides empirical 

evidence on inefficiencies associated with vertical market integration and in the 

price transmission process in three key food markets of prime importance to the 

Sri Lankan diet: rice, vegetables and fish, and the effect of the presence of APT 

on the food security of individuals’. To date, this study may be the first of its 

kind to assess inefficiency with respect to market integration and the presence of 

APT in Sri Lankan food markets, and their connection to food security.  

1.4 SRI LANKA AS A CASE STUDY 

The choice of Sri Lanka for this study is motivated by several important factors. Sri 

Lanka is a developing country in South Asia, with a very high level of social 

achievements, such as very high literacy, life expectancy, and school enrolment rates. In 

the 1970s it was a well-known example of a social welfare state in the developing 

world. However, despite these achievements in the social sphere and the continuous 

attempts of successive governments to alleviate food insecurity, about a quarter of the 
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population in the country is food insecure (FAO, 2012). This high level of food 

insecurity in the country is surprising, and is unacceptable due to a few reasons.  

First, the country has managed to achieve fairly strong economic growth over the last 

five years with an average 7.3% growth rate since the end of the ethnic war in 2009. 

Over the last few years, poverty, the main causal factor of food insecurity, has 

decreased dramatically (Department of Census and Statistics Sri Lanka, 2013b).1 

Specifically, poverty in Sri Lanka has declined remarkably from 26.1% in 1990 to 6.5% 

in 2012 (Department of Census and Statistics, 2013a).In line with these different rates 

of success, the Millennium Development Goal (MDG) Target 1.A of reducing poverty 

by half has been already achieved, whilst progress in halving hunger, Target 1.C., has 

remained stagnant over the years (United Nations, 2014).  

Secondly, the country has nearly achieved self-sufficiency in rice, the main staple food 

of Sri Lankans. However, this increase in availability of the main cereal has not helped 

much to reduce the widespread food insecurity in the country. Specifically, self-

sufficiency in rice has not guaranteed the society freedom from undernourishment, 

protein malnutrition and micronutrient deficiency in the country.  

Thirdly, this study can be considered timely due to the end of the separatist war in 2009. 

The conflict disrupted agricultural and fisheries production in the Northern and Eastern 

areas of Sri Lanka, where production once thrived 30 years ago. The war also created 

economic and social effects which extended well beyond the lives of the inhabitants of 

those areas where war prevailed (Seabright, 1986). As a consequence, food insecurity in 

Northern and Eastern parts of the country became quite high compared with the other 

                                                           
1 However, even though poverty (percentage of the population those income lies below a certain income 

level) has decreased in the country over the years, purchasing power of people has not increased. This 

may be partly due to the inability of the Sri Lankan poverty line to reflect the true deprivation of the 

people. Please see Chapter 4 for more details. 



 Introduction   

 

8 
 

regions. With the end of war in 2009, agricultural and fish production in the war-

affected regions have begun to recover. These regions have also begun to integrate with 

the rest of the island.  Therefore, it is timely to assess the vertical and spatial integration 

between markets so as to know the benefits of these post-war agricultural development 

spill-overs to consumers.  

1.5 THE STRUCTURE OF THE THESIS 

The rest of the thesis is organised into eight chapters. Chapter 2 provides an overview of 

the concept of food security, the evolution of the concept, its root causes and its 

connection with efficiency in the food market, showing how market integration and the 

presence of APT in the food market affect food consumption and, in turn, food security. 

This chapter lays the foundation for the thesis and highlights the main focus of the 

thesis. 

Chapter 3 reviews the literature on the econometric techniques used in assessing market 

integration and the presence of APT, with particular interest in the evolution of the 

econometric techniques used in assessing market integration and the presence of APT in 

the food market, as well as the justification for the selection of the Threshold 

Autoregressive (TAR) model over other techniques to be used in this study. The chapter 

also provides a survey of previous empirical studies carried out in the area of the 

presence of APT in food markets.  

Chapter 4 provides background details of food security in Sri Lanka, to shed light on the 

severity of the food insecurity situation in the country, and on general details of food 

availability and economic access to food. In addition to these background details, the 

chapter assesses the sensitivity of Sri Lankan food consumers to food price changes.  
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The next four chapters of the thesis are dedicated to econometric analyses of three key 

food markets in Sri Lanka, with the empirical results for each. Chapter 5 provides an 

overview of the structure and operation of the Sri Lankan rice market and discusses the 

empirical findings on market integration and the presence of APT in the rice market. 

The chapter also highlights possible reasons for the inefficiencies present in the rice 

market.  

Chapter 6 illustrates the impacts of this presence of retail asymmetry in the Sri Lankan 

rice market on food security, and develops an analytical model which can be used to 

quantify those effects. The chapter then provides a quantification of the food security 

effect of retail asymmetry in the rice market, obtained by simulating the analytical 

model developed in the chapter with the empirical results obtained in Chapter 5. 

Chapter 7 presents an overview of the vegetable markets and presents the empirical 

results of the econometric analysis of market integration and the presence of APT in the 

vegetable market. The chapter also presents the results of the price volatility spill-over 

analysis, and calculation of the farmer’s share of the retail price of vegetables.  

The last empirical chapter, Chapter 8, provides an overview of the fish market, and 

discusses the results of vertical market integration analysis as well as the presence of 

APT in the fish market. The chapter also evaluates the effect of retail asymmetry in the 

fish market on consumer food security.  

Chapter 9 concludes the study. It begins with an overview of the study focusing on the 

research questions and objectives. The main empirical findings of econometric analyses 

and policy implications are then discussed. Following this the chapter highlights the 

limitations of the study and future research directions.  
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CHAPTER 2 LITERATURE REVIEW 

2.1 INTRODUCTION 

The purpose of this chapter is to review the literature on food security and its 

determinants. The chapter also presents a brief review of how vertical and spatial food 

market integration and the presence of asymmetry in the price transmission process of 

food marketing systems connect with food security.   

The chapter organization is as follows. Section 2.2 outlines the historical evolution of 

the concept of food security over the last few decades. Particular attention is paid to the 

research and common understandings that affect perceptions of food security. Section 

2.3 briefly discusses the causes of food insecurity, paying special attention to which 

socio-economic, agricultural and institutional aspects of a country influence food 

security at the individual level. Section 2.4 reviews the literature on market integration 

and the presence of asymmetry in the price transmission process, and notes their effect 

on food security at the individual level. Section 2.5 summarizes the chapter. 

2.2 THE EVOLUTION OF THE CONCEPT OF FOOD INSECURITY 

Food insecurity is not a new phenomenon; it has been discussed in economic literature 

for a long period of time (Drèze & Sen, 1990; Shaw, 2007). In its simplest form, food 

insecurity refers to a condition of not having enough food/nutrients to maintain a 

healthy and active life.  

Initially, food insecurity was viewed as a condition arising from food ‘availability 

failure’. The main reason behind this inadequate understanding of the condition is that 

all the great famines before the mid-19th century were preceded by sharp shortfalls of 

harvest due to social conflicts and/or climatic disasters (Sen, 1977; Gráda, 2007; Shaw, 

2007). When the concept of food security was first discussed globally at the World 
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Food Summit held in New York in 1974, it reflected this view, being defined as a 

condition that arose by “availability at all times of adequate world food supplies of 

basic food stuffs to sustain a steady expansion of food consumption and to offset 

fluctuations in production and prices” (Clay, 2002, p.2). Despite the limitations of the 

definition, the conference successfully delivered a 25-year plan to eradicate hunger that 

placed the importance of increasing food production, improving food distribution and 

creating food reserves in the world the top of its list (Shaw, 2007). However, soon after 

the conference came the realization that world food insecurity could not be eradicated 

only by increasing world food production. This realization was partially due to the 

inability to eradicate hunger demonstrated by the Green Revolution, which increased the 

world food supply and lowered the food prices (Khush, 2001; Evenson & Gollin, 2003).  

It was further realized that some communities in the society suffer from inadequate food 

intake, not because the world is not producing enough food, but because of an 

inequality in food distribution, attributed to income inequality (United Nations, 1984). 

This recognition of the inequality in income distribution, or poverty, as a determinant of 

widespread food insecurity changed the focus of food security from a supply failure to 

an access failure. This change in perception was strongly supported by the seminal work 

of the Nobel Laureate, Amartya Sen, in the late 1970s and early 1980s. He argued that 

food availability decline (FAD) is only one of many possible causes of food insecurity 

and hence famine or food insecurity situations could arise from causes other than FAD 

(Sen, 1977). Poverty, or entitlement failure, is one of these causes. Specifically, he 

reasoned that households’ ability to access available food at the market primarily relies 

on ‘exchange entitlement’: what members of the households can sell (including labour), 

the price of these tradable items and the prices of food (Sen, 1977). He showed that 

even during mass starvation triggered by a deficit in food supply, some communities 

could insulate themselves from hunger better than others because they had more 
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flexibility to adjust their expenditure in the face of a food shortage, where food became 

more expensive. In contrast to this, the poor, who already spent a considerably larger 

share of their income on food, found it difficult to adjust their expenditure, and hence 

found that they could no longer afford to buy the same food basket they used to buy. 

This inability to avoid food insecurity or starvation situations, due to the decline in 

exchange entitlement, is the access failure (Sen, 1981).  

With this understanding of the role of poverty in accessing available food, the FAO 

altered the food security definition in 1983 to “ensuring that all people at all times have 

both physical and economic access to the basic food that they need” (Clay, 2002, P.2). 

This definition advanced new aspects of food security: as well as recognizing the 

contribution of access to food in determining the food security of people, the definition 

has placed the individual at the centre. In fact, it is widely acknowledged that neither 

global nor national food supply levels can guarantee household level food security, and 

it is even possible for some members of a family to have a higher susceptibility rate to 

food insecurity than others due to the inequality in intra-household food allocation (Sen, 

1981; Kennedy & Haddad, 1992; Von Braun, 1992; Maxwell, 1996; Smith et al., 2000). 

The inclusion of a temporal dimension to the concept of food security is the next 

signpost of the development of the understanding of the concept of food security. 

Depending on the duration of the period of food insecurity situations, food insecurity 

are mainly classified into three types: chronic, transitory and cyclical. Chronic food 

insecurity is described as the persistent inability to acquire adequate food, whilst 

transitory food insecurity is explained as the temporary inability to do so (World Bank, 

1986). The third category, cyclical food insecurity, is defined as habitual seasonal 

variations in food insecurity situations (WFP, 2009). Although chronic and transitory 

food insecurity situations are distinguished according to the time period the insecurity 
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lasts, the reasons behind these situations go beyond that simplicity (Paarlberg, 2000). 

Poverty is recognized as the main cause of chronic food insecurity, while the main 

causes of transitory food insecurity are considered to be political instability, a period of 

conflict or a natural disaster (Paarlberg, 2000; Harrigan, 2008).  

The next step in the development of the concept of food security took place at the World 

Food Summit held in Rome in 1996, with the inclusion of quality aspects of food into 

the food security definition: “when all people, at all times, have physical and economic 

access to sufficient, safe and nutritious food to meet their dietary needs and food 

preferences for an active and healthy life” (Clay, 2002, p.2). In fact, food security is not 

only about the quantity of food people consume: it concerns both quantity and quality 

(or nutritional value) of food. More precisely, food security concerns whether the 

households have access to appropriate food basket containing all the necessary 

nutrients. Quality aspects were not highlighted in earlier discussions of food security: it 

was long believed that if a food was capable of providing sufficient energy, it was 

sufficiently rich in other nutrients as well. However, many researchers have argued that 

energy rich food may not necessarily carry all the nutrients people need, such as 

essential macro and micro nutrients, Iron (Fe), Iodine (I) and Zink (Zn) (Von Braun, 

1992; Barrett, 2002; Pérez-Escamilla & Segall-Corrêa, 2008; Pinstrup-Andersen, 2009). 

Even though, compared to the requirements for macronutrients, the daily requirements 

for micronutrients are minute, the consequences of inadequate intake of these is severe, 

considered more dangerous due to the hidden nature of the symptoms associated with 

these deficiencies. Inadequate micronutrient intake, termed as hidden hunger due to 

these invisible symptoms, is identified as a cause of mental retardation (Allen, 2000: 

Singh, 2004). It is also known to affect people’s productivity and their chances of 

getting heart diseases (Ames, 1998; Black, 2003). In addition to the nutritional aspects 

of food, the 1996 definition addressed people’s preferences. Even though the exact 
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meaning of the term preferences is not very clear, Pinstrup-Andersen (2009) suggested 

that it is more meaningful if it is interpreted as socially and culturally acceptable food 

consistent with ethical and religious values of the person.  

The food security definition was slightly altered  in 2002 to a “situation that exists when 

all people, at all times, have physical, social and economic access to sufficient, safe and 

nutritious food that meets their dietary needs and food preferences for an active and 

healthy life” (Clay, 2002, P.2). The major difference between this definition and that of 

1996 is the current inclusion of social access to the definition. 2 This most recent widely 

accepted definition covers almost all its aspects. It underscores the multi-faceted nature 

of food insecurity, connecting agricultural markets, factor markets and social factors 

together in determining the status of food insecurity.  

2.3 DETERMINANTS OF VULNERABILITY TO FOOD INSECURITY 

Food security relies on four main pillars: food availability, access to food, food 

utilization and sustainability (Figure 2.1).3 A large array/number of factors influences 

the extent of food security, such as food production, food market, food prices, poverty, 

income levels of people, labour market condition, conflict situations and macro-

economic policies (e.g. exchange rate, import barriers) (Timmer, 2000; Gráda, 2007), 

support these four main pillars. 

 

 

 

 

 

 

                                                           
2Note that even though we listed only a few definitions of food security brought about by international 

agencies, there are more than 200 definitions of food security (Smith et al, 2000). 
3 Sustainability also was added into these pillars at the world food summit later. 
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Figure 2-1: Four pillars of food security  

 

The effects of these factors on food security at different levels, and the inter-linkages 

among these macro and microeconomic factors, are depicted in Figure 2.2. The 

hierarchy of food insecurity is at national, household and individual levels. The degree 

of influence of these factors on the vulnerability of food security largely depends on the 

level of this hierarchy. For example, when food security at the national level is the 

focus, food availability decline (FAD), or the shortfall in food production, plays a 

greater role than that of poverty. However, when food security at the household or 

individual level is considered, poverty is the most influential factor and food supply at 

the national level plays only a minor role.  

According to the conceptual framework depicted in Figure 2.2, food security at the 

national level (food supply) primarily relies on the food production of the country. 

Thus, factors which directly affect local food production significantly influence food 

security at the national level. Some of these factors are climate, availability of natural 

resources (such as land and water) in the country, technology and capital availability, 

structure of the agricultural sector, investment in research and development, access to 
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credit, and the agricultural policies of the country (Clover, 2003; Rosegrant & Cline, 

2003; Ikelegbe & Edokpa, 2014). Among these factors, climate change is the most 

threatening factor as of today which affects food availability. Climate change reduces 

the arable land available for crop production through rise in sea level (Darwin, 2001), 

influences crop production through rising temperature and increased level of carbon 

dioxide and increase the crop failure and spread of new pest and disease outbreaks 

(Rosenzweig, 2001; Parry et al, 2004). Climate change affects not only food supply or 

national level food security, but also the household level food security. For example, 

climate change affects purchasing power of people through loss of income from crop 

and livestock and other climate sensitive livelihoods such as livelihood activities related 

to coastal areas (Allison et al, 2009). Moreover, climate change destroys distribution 

and transport structures of the country and hence disturbs efficient distribution of food.  

Even though food production is a critical factor in determining food security at the 

national level, it does not mean that a country has to be self-sufficient in all its food 

needs to be food secure. If a country can import food from other countries to fulfil the 

food demand that cannot be satisfied through local food supply, it can be food secure 

even though it is not self-sufficient in food. This is especially true for most Middle 

Eastern and Northern African countries (Ecker & Breisinger, 2012). Thus, it is obvious 

that food security/food supply at the national level is determined not only by the local 

production, but also by food imports. The contribution of each of these factors to 

national food security mainly varies with the status of the agriculture sector. In 

Singapore and Hong Kong, where there is an underdeveloped agricultural sector, the 

contribution of food imports to the national food supply is considerably high; Singapore 

imports 95% of its food requirements (He & Lee, 2012). For food importing countries, 

the ability to import food depends on the food importing capacity. This ratio between 



Literature Review 

18 

 

the food import bill and the export revenue is influenced by factors such as export 

revenue, exchange rates, and food prices at the world market. 

Most countries either can produce their own food or have enough export revenue to 

import the gap between local production and local requirements (Barrett, 2013). For 

those countries, such as some African countries, unable either to produce or import the 

food they need, food aid is the only choice (WFP, 2014). However, the actual need for 

food aid as a continuous food security support has declined over the years, even though 

the use of food aid in emergency situations has increased. Although food aid can 

contribute to the national food supply, any country which depends on food aid cannot be 

considered as food secure, based on the sustainability argument, as removal of this food 

aid would again make them vulnerable to food insecurity. 

At the next level in the conceptual framework, the household (see Figure 2.2), food 

availability is mainly determined by household production of food and the ability to 

obtain food from the market. Poor households, those who are eligible for assistance 

from social security safety nets, receive part of their food requirement from government 

mediated sources or from non-governmental organizations.  
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Source: based on the literature on food security 

Figure 2-2: Conceptual framework of food security 
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Although household food production is a key determinant of food availability at the 

household level, the share of individual food production in the total food requirements 

is low, even among a substantial portion of farming households. This suggests that all 

non-food producers, and the majority of food producers, are net-food buyers (Barrett & 

Dorosh, 1996) and hence, apparently, rely on food markets for their food needs. The 

ability to acquire food from the market depends on the income levels of the household 

and the market prices of food. In economic terms, these two together make up the 

purchasing power or the economic access to food (Sen, 1977). Factors which affect both 

the income and market prices of food exert an indirect influence on household food 

security level. In this regard, income levels of people are affected by factors such as 

economic growth, distribution of income, labour market condition, and the availability 

of social security programmes.  

Market prices of domestically produced food commodities are determined by food 

production levels, efficiency in food marketing systems and the pricing policies of the 

country. Efficiency in food marketing systems deals with factors such as levels of post-

harvest losses, marketing margins, price volatility in the food marketing systems and the 

share of farmer’s income. Since the focus of the thesis is also to investigate the effect of 

some of these market inefficiencies on food security, a detailed discussion of the 

connection between food marketing efficiency and food security follows in the next 

section.  

Local prices of imported food commodities are not equal to their world market prices, 

as very few countries practice free trade. This is especially true for developing 

countries, as their governments impose tariffs or non-tariff barriers (NTBs) on food 

items to protect local producers, the degree of protection varying with the item and the 

country. However, not all countries protect producers by imposing high tariffs or NTBs 
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on essential food items: some countries adopt a more liberal policy to protect consumers 

from high prices rather than protecting producers from outside competition. For 

example, countries with limited or no agricultural sectors such as Hong-Kong and 

Singapore either do not impose tariffs or NTBs on food items or have very low tariff 

rates. In contrast to this, developed countries with less need of price protection such as 

Australia and the USA have medium to low tariff rates on food. Exception to this is 

Japan where dairy and cereal and cereal preparations foods are heavily protected (WTO, 

2013). Most developing countries with significant agricultural sector, such as those in 

Africa and Asia, have very high tariff rates on food items (Table 2.1). While these high 

tariff rates protect farmers, they erode the purchasing power of buyers by making 

domestic food prices far above world market prices.  

Table 2.1: Average import tariff rate on food and beverages 

Commodities  HK SIN SL BNG ZIM GHN AUS USA 

Animal products  0.0 8.9 49.9 192.6 150.0 97.7 1.5 2.4 

Dairy products 0.0 7.0 48.5 157.5 150.0 75.4 4.9 19.8 

Fruit, vegetable and plants 0.0 9.6 50.4 193.2 139.3 99.0 3.7 4.7 

Coffee and tea 0.0 10.0 49.8 187.5 139.6 90.8 3.9 3.3 

Cereal and preparations  0.0 11.7 50.5 196.3 148.4 96.0 2.7 3.5 

Sugar and confectionary  0.0 10.0 50.0 190.6 150.5 99.0 6.9 11.2 

Fish and fish products 0.0 10.0 50.0 106.0 5.2 99.0 0.7 1.0 

Note: HK: Hong Kong, SIN: Singapore. SL: Sri Lanka, BNG: Bangladesh, ZIM: Zimbabwe, GHN: 

Ghana, AUS: Australia, USA: United States of America 

Source: WTO (2013)  

The effects of income and food prices on food security are broad: they determine not 

only ‘how much’ people consume, but also ‘what’ they eat. For example, low income 

earners tend to consume less expensive cereal-based monotonous diets, whilst higher 



Literature Review 

22 

 

income earners consume a wide variety of food, including animal products such as fish, 

meat and milk, which are richer in protein and micro-nutrients than plant-based food. 

Therefore the poor, who rely primarily on plant-based food, tend to become more 

nutritionally insecure even though they can afford these plant-based food (Ruel, 2003). 

Further, the tendency of poor people to consume more cheap cereal-based high energy 

food has created obesity problems, even in developed countries (Drewnowski & 

Specter, 2004). 

Beyond income per se, who earns the income and who controls the income also 

influences food security at the household level (Quisumbing et al., 1998). A study 

conducted in Kenya and Malawi has demonstrated that some poor female-headed 

households perform better in terms of food security than higher income male-headed 

households, because women who have access to income and have the decision making 

power tends to spend proportionately a higher percentage of the income on food than 

men spend (Kennedy & Haddad, 1992; Ramachandran, 2007). However, this might not 

hold true in a society where women are economically and socially discriminated in 

accessing to productive resources (Mallick & Rafi, 2010). Pinstrup-Andersen (2009) 

observed that if the goal is to ensure the nutritional security, and not the mere food 

security, then food security needs to be transformed to ‘nutritional security’. This 

transformation, known as food utilization, considers whether individuals and 

households make good use of the food they can access: that is, whether they consume 

nutritionally essential food they can afford, or whether they choose nutritionally inferior 

diets. Questions ask if the food is safe and properly prepared, under sanitary conditions, 

delivering their full nutritional value, if individual’s health conditions are good, so that 

individuals can absorb and metabolize essential nutrients. More precisely, food use pays 

greater attention to dietary quality (Barrett, 2010), often depending on non-food related 

factors such as access to safe water, sanitary conditions, food preparation methods, the 
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food maker’s knowledge (mostly nutritional knowledge of the mother) and child care 

facilities (Smith et al., 2000; Keenan et al., 2001; Pinstrup-Andersen, 2009). 

The lowest level of food security focuses on the individual level. Even though 

household and individual levels of food security go hand in hand, they are not the same. 

Two different examples illustrate this: some countries, such as India and Bangladesh4, 

have a male bias in food allocation within the household (Chen et al., 1981; Miller, 

1997); individuals with particular illnesses may have food requirements different from 

the needs of all the other members of the family and hence, their level of food security 

might not be same as that of the household food security.  

Such connections have been found between food insecurity and a number of macro-and 

micro-level economic and social factors. In summary, to reduce or remove food 

insecurity from the society, a holistic view of the economy and other factors needs to be 

taken into account (Timmer, 2000). Since food prices are the most influential visible 

link reflecting and connecting all these macro-and micro-economic factors with the food 

security of the individual; the thesis pays special attention to food prices, its formation 

and transmission and its inefficiencies in price transmission. Specifically, the thesis 

assesses how food market efficiencies affect food prices and food price transmission, 

and, in turn, people’s food security. A discussion on the ways in which food security is 

affected by food market performances will add to this assessment.   

2.4 AGRICULTURAL MARKETING SYSTEM AND FOOD SECURITY 

Timmer et al. (1983), in their path-breaking food policy analysis, explain the connection 

between the performance of food markets and food security, and in particular the 

                                                           
4 Research findings on gender inequality in food allocation in Sri Lanka are not consistence. While some 

researchers; Rathnayake and Weerahewa (2002) argue that there is a gender inequality in calorie intake, 

other researchers such as Abeykoon, (1995) and Ekanayake et al,( 2004) provide opposing findings.    
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influence of agricultural market performance on two of the pillars of food security: food 

availability and access to food: (Timmer et al., 1983). 

Food marketing systems channel food from food surplus areas to food deficit areas, 

making food available in non-food producing or food deficient areas. In addition to 

making food available in deficit areas, efficient marketing systems smooth prices across 

markets. This in turn enhances the economic access to food by consumers in food 

deficit areas. By connecting food surplus areas to food deficit areas, food marketing 

systems ensure a more stable income to producers, again enhancing their economic 

access to food.  

Some of the inefficiencies in the marketing system disturb this efficient channelling of 

food between markets. The most important inefficiency, the absence of integration 

between markets, which is known as market segmentation occurs when price signals do 

not transmit between spatially and vertically dispersed markets connected by trade. 

Another inefficiency which prevents efficient transmission of prices between markets is 

the presence of asymmetry in the price transmission (APT) process. More details on 

how market integration and presence of APT affect food security will be given in the 

next two sub-sections. 

2.4.1 MARKET INTEGRATION 

The simplest meaning for market integration is that vertically and/or spatially dispersed 

markets for a given commodity are connected by trade. However, market integration 

implies more than mere physical movements of a commodity between two connected 

markets. It specifically focuses on transmission of price changes between markets and 

hence collective determination of price of the commodity (Monke & Petzel, 1984; 

Goodwin & Schroeder, 1991b; Fackler & Goodwin, 2001). In particular, for an optimal 

realization of the benefits of market integration, trade has to be conducted in such a way 

that no riskless profit is left for arbitrages. In fact, this is the base for the economic 
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definition of market integration. In the economic literature, markets are considered as 

integrated if the inter-market price difference between two trading markets is equal to 

the transfer cost of moving the product (Spiller & Huang, 1986; Baulch, 1997b). This is 

similar to the concept of a ‘Law of One Price’ (Barrett, 2001).  

Having an integrated food market to ensure food security is important. Firstly, 

integrated food markets reduce the possible damage of a localized crop failure (Drèze & 

Sen, 1990) and, in turn, prevent food deficient situations (Moser et al., 2005; Tostão & 

Brorsen, 2005). Secondly, integrated food markets ensure a continuous food supply to 

food deficit areas from food surplus areas throughout the year, which in the long run 

leads to better resource allocation. Thirdly, from the producers’ point of view, market 

integration releases them from being restricted to one local market, which prevents them 

getting a lower price for their product during food abundant periods (Goodwin & 

Schroeder, 1991a; Fafchamps & Gavian, 1996; Tahir & Riaz, 1997; Moser et al., 2005). 

In summary, integration between spatially and vertically dispersed markets stabilizes 

food prices and smooths food supply in markets (Baulch, 1997a), as well as helping 

with better resource allocation by preventing poor decisions by farmers (Goodwin & 

Schroeder, 1991b). The following example illustrates how market integration prevents 

localized food scarcities, and smoothing the price, considers the following situation.  

Suppose a crop failure in one region of a country leads to a shortage of food in that 

particular area. The consequence of this shortage is that the price of a particular food 

item tends to increase above the average price of that food item, making consumers 

vulnerable to temporary food insecurity situations. However, if the particular market is 

connected with other production areas in the country, this price increase signals a 

possible arbitrage opportunity for the producers in other markets, encouraging traders to 

transport their product to this area to capitalize on this opportunity. This influx of 

supply would then reduce the prices in the food deficit area to some extent while 
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increasing the prices of food in the food surplus areas. On one hand, it reduces the 

degree of vulnerability to food insecurity for food consumers in the food shortage area; 

on the other hand it increases the income of farmers in food surplus areas.  

Existing market integration literature reveals most of the markets studied so far to be 

fairly integrated in the long term but not always in the short run (Alexander & Wyeth, 

1994; Tahir & Riaz, 1997; Goodwin & Piggott, 2001; Moser et al., 2009). However, a 

few agricultural markets in developing countries have been found to be non-integrated, 

such as the livestock market in Niger (Fafchamps & Gavian, 1996), the rice market in 

Nepal and the wholesale rice market in India (Jha et al., 2005; Sanogo & Amadou, 

2010). A close examination of the non-integrated markets disclosed that when the cost 

and the risk associated with trade between markets are high, there is a high tendency to 

have weak integration between markets. Therefore, markets separated by long distance 

tend to be non-integrated, in contrast to markets that are geographically close. Low 

market concentration, lack of infrastructure, difficulties in getting access to market 

information, the government monopoly over marketing and distribution systems are also 

considered as impediments to market integration (Goodwin & Schroeder, 1991b; Goletti 

et al., 1995; Tahir & Riaz, 1997; Minten, 1999; Tostão & Brorsen, 2005; Sanogo & 

Amadou, 2010).  

Market integration does not necessarily mean that food marketing systems are efficient 

and/or that food prices transmit between markets efficiently and effectively (Ravallion, 

1986). Even in integrated markets it is possible that the price transmission process has 

some kind of inefficiencies. The presence of asymmetry in the price transmission 

process is one such inefficiency. 
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2.4.2 ASYMMETRY IN THE PRICE TRANSMISSION PROCESS 

Asymmetric price transmission (APT) in an integrated market refers to a phenomenon 

that occurs when a market response to price increases is different from its response to 

price decreases. Usually the difference is associated with the time taken to respond to 

price changes that are occurring in the other market. There are two types of asymmetry: 

positive and negative. 

In positive asymmetry, price increases in one market are transmitted to the other 

connected market at a faster speed than price decreases are transmitted in that market 

(see Panel A Figure 2.3). Price changes originate in ‘Market 1’ and then are transmitted 

to ‘Market 2’. As shown in the figure, price in Market 1 (
1P ) changes at time t+1, and 

when that change is a price increase, it is transmitted to Market 2 without a delay and 

changes the price in Market 2 ( 2P ). However, when that price change is a price 

reduction, it will take longer, and is transmitted to Market 2 at time (t+2).  

In negative asymmetry, price decreases in one market are transmitted to the other 

market at a faster speed than price increases in that market (see Panel B Figure 2.3). As 

shown in the figure, price in Market 2 takes a longer time to respond to price increases 

in Market 1 than it does to respond to price reductions. 

Even though, in this example, price changes in one direction are transmitted to the other 

level without any delay, it should be noted that a time lag in transmitting price changes 

in both directions is possible. The fact needing highlighting is that times taken to 

transmit price increases and decreases in one market to the other market are not equal.
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Short-run implications of the presence of APT is its prevention of some groups 

receiving the full benefits of price changes taking place in the marketing system whilst 

putting others in a position where they reap undue benefits: the presence of APT 

redistributes the welfare gain of price changes. For example, as wholesale price 

reduction takes a longer time to reach the retail level, compared to wholesale price 

increases, positive APT between wholesale and retail food markets prevents consumers 

from enjoying the benefits of price reduction for a short period of time. In the long run, 
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Figure 2-3 : Types of asymmetry 
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the presence of APT prevents efficient movement of price signals between markets, 

which subsequently influences decision-making about resource allocation. The negative 

implications of APT being present in marketing systems are considered to be an 

indication of inefficiency in agricultural markets.  

Research to date in this area suggests that the presence of price asymmetry is more 

common than its absence in agricultural markets (Ward, 1982; Kinnucan & Forker, 

1987b; Pick et al., 1990; von Cramon-Taubadel, 1998; Abdulai, 2002; Sanogo & 

Amadou, 2010). Some researchers even take an extreme view about its common 

presence, suggesting price asymmetry to be the rule rather than the exception (Peltzman, 

2000). These researchers give two main reasons to explain why price increases and 

decreases in one market exert different responses on the prices in the other market. The 

first, and the most frequently documented, is the presence of non-competitive markets 

such as monopolistic or oligopolistic markets for agricultural products (Griffith & 

Piggott, 1994; Chavas & Mehta, 2004; Capps Jr & Sherwell, 2007; Fałkowski, 2010). A 

common belief is that retailers in an oligopoly or oligopolistic market hesitate to adjust 

their prices in response to price reductions in the wholesale market, even though they 

respond immediately to price increases. The motive for this behaviour is to make excess 

profit in a short period of time. However, this leads to an asymmetry in the price 

transmission process in which consumer receive price increases at a faster rate than they 

receive price decreases. On the contrary, Ward (1982) argued that an oligopolistic 

market could lead to negative APT situations where price decreases are immediately 

transmitted to consumers. This could happen when retailers pass down price decreases 

to consumers immediately to gain advantage over their competitors, rather than keeping 

prices unchanged for a short period of time. However, McCorriston et al. (2001) argued 

that neither monopoly nor oligopoly market structures necessarily lead to asymmetry in 

the price transmission process. They showed that, in some circumstances, increases in 
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the scale of production brought on by monopoly or oligopoly structure can offset the 

negative influence of market concentration, creating an efficient price transmission 

process.  

Adjustment cost is the other widely used reason to explain the existence of negative 

APT (Serra & Goodwin, 2003). Menu cost, which consist mainly of relabeling cost, 

prevents traders5 from responding promptly to upward price changes which are less than 

the menu cost (Azzam, 1999). Traders adjust their prices in response to these types of 

price increases only when they realize that these changes will last for a considerable 

time. However, as price decreases bring extra turnover, price reductions are 

immediately transmitted to the other market, even if at less than the menu cost.  

Several other reasons found in the literature explain the presence of APT in agricultural 

markets. For example, Ward (1982) has suggested product perishability as a potential 

reason for the existence of APT. Retailers hesitate to increase prices in response to 

wholesale price increases because they fear a reduction in sales, which could lead to 

spoilage of stocks. Xia and Li (2010) have argued that consumers do not always adjust 

their consumption in response to price changes (consumption inertia), hence traders are 

reluctant to reduce product prices as they may be unable to attain the expected increases 

in sales. Another reason cited for the presence of APT in the marketing system is 

government intervention in agricultural markets through price support schemes 

(Kinnucan & Forker, 1987a). Usually, when retail prices exceed a certain threshold 

level or when producer prices go below a certain threshold level, governments intervene 

to adjust prices to protect consumers or producers. Traders thus see some price changes 

as temporary and do not adjust their prices accordingly. To sum up, the nature of 

asymmetry and the reasons behind it rely on a mix of factors such as the shelf life of the 

                                                           
5 Both wholesalers and retailers 
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product, the market structure, the agricultural and marketing policies in the country, and 

the consumer behaviour.  

2.5 CONCLUDING REMARKS 

The first part of this chapter focused on the concept of food security, its evolution over 

the years and its determinants. This part provided a detailed discussion on both macro 

and micro economic determinants of vulnerability of individuals to food insecurity 

situation. Specifically, this section underscored the importance of a holistic approach 

which focuses on food production, food market, food import and labour market, to 

tackle food insecurity. 

The second part of this chapter provided a literature review on the connection between 

different levels of the marketing channels and spatially dispersed markets, paying 

special attention to giving an insight into how market integration and the asymmetric 

price transmission process affects food availability and access to food. This section 

accentuated the importance of having integrated food market to guarantee a continuous 

food supply and to smooth prices. Furthermore, the section attempted to highlights the 

importance of an efficient price signal transmission process between markets, where 

both price increases and decrease in one market level transmits to the other in equal 

pace to prevent unfair welfare distribution and for better long-run resource allocations. 

Following this literature review, the next chapter of the thesis aims to discuss how these 

inefficiencies can be assessed empirically.  
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CHAPTER 3 REVIEW OF METHODOLOGIES 

3.1 INTRODUCTION 

This chapter explores how market integration and the presence of APT have been 

measured quantitatively through a literature review on econometric techniques available 

for measuring market integration and the presence of APT. Even though assessing the 

presence of APT is an extension of market integration testing, since the evolution of 

econometric techniques to measure these two issues occurred independently, this 

chapter separately presents the previous methodologies used to measure market 

integration and the presence of APT. In particular, Section 3.2 provides a review of 

various econometric techniques that are used in assessing market integration, whilst 

Section 3.3 provides an overview of the econometric techniques that are used in 

assessing the presence of APT. Section 3.4 describes in detail the Enders and Siklos’s 

asymmetric Threshold Autoregressive Model (TAR), used in this thesis to assess market 

integration and the presence of APT in the three main Sri Lankan food markets, then 

Section 3.5 summarizes the chapter. 

3.2 ECONOMETRIC TECHNIQUES USED TO MEASURE MARKET 

INTEGRATION 

As noted, this section provides an overview of the econometric techniques that are used 

to measure market integration since its evolution in the 1960s. In particular each of the 

following sub-sections presents the different econometric techniques that are used in 

assessing market integration and the theory behind each of these models. 

3.2.1 CORRELATION TECHNIQUE 

The correlation technique can be considered to be the most widely used technique of the 

earlier empirical work on market integration. The underlying assumption of this 



Methodology 

34 

 

technique of measuring market integration is that if two markets are integrated, then the 

prices of these two markets move together (Goletti et al., 1995). In order to test this co-

movement of prices, the correlation technique looked at the bivariate correlation 

coefficient between two price series of distant markets which trade with each other at a 

specific time (Barrett, 1996). The higher correlation coefficient was interpreted to 

reflect the high degree of integration between markets. This method was widely adopted 

due to its simplicity in calculation and interpretation. However, despite its simplicity 

and convenience, there are a few inferential problems with using the correlation 

technique in analysing market integration. The first one is the nonstationary nature of 

the data. Due to the common periodicity (e.g., seasonality in agricultural production) 

and also to a common exogenous trend (inflation), it is possible that prices in two 

distant markets move together with a common trend, even though they are not 

integrated and no trade is taking place between them (Ravallion, 1986; Alexander & 

Wyeth, 1994; Barrett, 1996; Goodwin & Piggott, 2001). The second limitation is that 

the information the correlation coefficient provides to the researcher about market 

integration is limited (Alexander & Wyeth, 1994). The third econometric flaw in the 

correlation test is its underestimation of the degree of market integration when there is a 

lag in price transmissions between markets, as it does not take into account the prices in 

previous time periods. Fourthly, it fails to recognize the heteroskedasticity in time series 

data (Barrett, 1996).  

3.2.2 REGRESSION MODEL 

As a result of the limitations of the correlation method, the regression technique was 

introduced in the early studies on market integration to overcome the common 

nonstationary problem attached with time series data. For example, Richardson (1978) 

introduced a regression model for estimating the integration between connected markets 

in the 1970s. He based his analysis on estimating the integration between US and 
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Canadian markets. As a consequence, prices in his model denote import and export 

prices. Richardson’s specification of price relations between the two markets is 

generally known as the “Law of One Price” (LOP) in the literature. In his regression 

model, to remove the problem of nonstationarity, he took the change in prices instead of 

taking price levels. 

The basic structure of his model is given below. 

tjtit PP   lnln 20         (3.1) 

Here, )1(  tiitit PPP  and )1(  tjjtjt PPP .  

The terms itP and jtP respectively denote prices in the thi  (import) and thj (export) 

markets in time t  respectively. The coefficient 2  reflects the response of the price at 

the ith market to the per unit change in the price at the jth market. The parameter 0 is a 

constant. The error term of the model is denoted by t . Although his model successfully 

eliminates the problem of nonstationarity in time series data by taking the change in 

price instead of the level of prices, it was criticized because it neglected the 

simultaneous determination of prices in importing and exporting markets and the 

transfer costs of moving products.  

3.2.3 RAVALLION MODEL 

The next landmark in the development of econometric techniques for measuring market 

integration is the method introduced by Ravallion in 1986. Ravallion (1986) addressed 

the nonstationary problem through an error-correction model of commodity pricing and 

through his model, he defines both short-run and long-run equilibrium in spatially 

dispersed markets (Ravallion, 1986: Barrett, 1996:). To accommodate the time gap 
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between price origination in one market and its realization in the other market, he 

incorporated price lags into the model. 

The basic Ravallion model, as shown in Equation 3.2, was developed based on the 

assumption of an existence of a central market and peripheral markets which trade with 

the central market.  

ititjct

n

j

cjjit

n

j

ijit eXPbPaP  








01       (3.2) 

As defined in the previous section, itP  is the price in the import (peripheral) market. 

Here, the price in the central market (export market) is denoted by ctP  instead of jtP . 

The notation itX  is used to denote all the exogenous variables in the model. The 

coefficient ija is the response of price in the import market to its own lagged prices. The 

coefficient cjb provides information on the response of price in the import/peripheral 

market to the price changes in the central market. Thus, it is obvious that in the 

Ravallion model, the price in the peripheral market is assumed to be determined by both 

its own lags and the price at the central market, whilst the price of the central market 

was assumed to be determined exogenously to the model. 

If 0cjb ,     (j=0,1…n) in the estimated model suggests that price changes in the 

central market do not transmit to the peripheral market. Thus, two markets are 

considered as segmented (non-integrated). The model infers market integration in the 

short run if 0cb is equal to one. It implies that two markets are integrated in the short run 

and changes in price in the central market are immediately passed on to the local market 

without delay. If there is a delay in price transmission between markets, then 0cb would 

not be equal to one, but 
1
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n

j
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      (3.3) 
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 If this condition is fulfilled, then the two markets are considered as integrated in the 

long run.  

The similarity between the “Law of One Price model” and the Ravallion model is that 

both models are based on the assumption of perfect co-movement of prices. Precisely, 

both these models assume that if two markets are integrated, price changes in one 

market will be transmitted on a one-to-one basis to the other market, either 

instantaneously or after a time lag (Baulch, 1997b). However, unless trade flows occur 

continuously between the two markets under consideration, this perfect co-movement of 

prices will not be valid. Furthermore, non-random variation in transfer costs may also 

cause the “Law of One Price” and the Ravallion models to reject market integration 

even when the spatial arbitrage conditions hold true (Baulch, 1997b).In particular, if 

transfer cost is nonstationary, inference will be biased in favour of accepting the 

hypothesis of segmentation (non-integrated markets) (Barrett, 1996). 

One of the other criticisms of the Ravallion model is its assumption of the existence of a 

radial market: the presence of a central market and peripheral markets that trade with 

the central market. It is argued that inter-seasonal flow reversal and trade between 

regional markets violate this radial market assumption (Barrett, 1996), creating an 

inferential problem. Further, the assumption of the central market price as an exogenous 

variable also has been criticized, as this assumption is often violated when the price in 

the central market is influenced by the prices in local markets and hence, creating 

endogeneity bias in the results (Alexander & Wyeth, 1994). In addition to these 

limitations, the prior requirement to identify the central market has also further 

restricted the use of the Ravallion model to specific circumstances.  
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3.2.4 COINTEGRATION TESTS 

To overcome the endogeneity problem in the Ravallion model and to allow imperfect 

price movement between markets, cointegration techniques have more commonly been 

used by many researchers in testing market integration (Van Campenhout, 2007). The 

cointegration tests allow price co-movements to be less than perfect and prices to be 

simultaneously determined. As with correlation techniques, cointegration tests also 

check for the co-movement of price series. However, to nullify the effect of common 

periodicity and exogenous trend on prices, cointegration tests examine error terms 

instead of examining the movement of prices per se. In particular, the theory behind the 

idea of the cointegration test is that, although two data series are nonstationary, if the 

error term of a linear combination of those nonstationary data series is stationary, then 

the variables can be regarded as cointegrated (Alexander & Wyeth, 1994). This implies 

that cointegrated variables are those which do not drift apart from each other (Enders, 

1995). From a market integration perspective, this suggests that prices in two markets 

adjust according to the other market and hence the gap between them does not change. 

In the empirical literature, this cointegration relationship between the prices in two 

markets is tested using the Engle-Granger Procedure or the Johanson Maximum 

Likelihood Procedure. Interpreting the strength of the integration is based on the level 

of significance of the correlation relationship: the higher the significance level, the 

stronger the degree of integration between the two markets (Alexander & Wyeth, 1994).  

One limitation of the cointegration tests is that although it does not rely on perfect co-

movement of prices (allowing price transmission coefficient to vary from one), it 

presumes the relationship between the two price series to be linear, which might not be 

true when trade flows are temporally discontinuous. Trade flows are often 

discontinuous and hence, the slope coefficient is expected to be zero at this break point 

and roughly one at other times. Thus, the relationship is more appropriately modelled as 
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a non-linear (piecewise linear) conditional expectation function rather than a linear 

function (Barrett, 1996).  

Another limitation is that, in spite of its ability to tackle certain econometric flaws in 

earlier methods, the cointegration technique is unable to overcome the main limitation 

of the earlier methods. That is, it does not include the transfer cost of moving products 

between two markets as a variable in the model, resulting in its effects being captured in 

the error term. Transfer cost of moving products between markets includes 

transportation cost, loading and unloading costs and traders’ normal profit (Baulch, 

1997b). The end result of this inclusion of the transfer cost in the error term is that it 

makes the error term nonstationary, if the transfer cost is nonstationary. 

Econometrically, this leads to the acceptance of the null hypothesis of non-integration 

even though the markets are actually integrated. Hence, it is argued that the inferences 

drawn from the cointegration test are econometrically incorrect when the transfer cost 

carries a time-varying component (Barrett, 1996).  

The importance of taking the transfer cost into account in analysing market integration 

is that it is quite possible that prices in integrated markets often do not adjust in 

response to price changes below the transfer cost, since traders cannot make profit from 

this price change. However, this non-response to some price changes in the integrated 

market does not mean that these markets are not integrated. It simply implies that there 

is a neutral price band within which price changes do not transmit to the other market 

(Goodwin & Piggott, 2001; Goodwin et al., 2002). This neutral band is the transfer cost 

of moving commodities between markets (Meyer, 2004).  

It is obvious that when market integration tests rely solely on prices and ignore the 

transfer cost, well-functioning markets could be inferred as statistically uncorrelated and 

deemed to be functionally isolated, whilst markets without trade links could be found to 
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be price correlated and deemed efficient. This recognition of the importance of 

incorporating the transfer cost in market integration testing led market integration 

analysis in two new directions (Sexton et al., 1991; Baulch, 1997b; Goodwin & Piggott, 

2001; Moser et al., 2005). In one direction, the ‘Parity Bound Model’ (PBM), which 

uses a switching regression technique to assess market integration was developed, 

whilst in the other direction, the Threshold Autoregression (TAR) Models were started 

being used for assessment of market integration (Goodwin et al., 2002; Van 

Campenhout, 2007).  

3.2.5 PARITY BOUND MODEL 

The Parity Bound Model (PBM) belongs to the first new directions of the assessment of 

market integration. Specifically, it is the first econometric model that explicitly 

addresses the presence of a transfer cost. Spiller and Huang (1986) first developed the 

basic switching regression model, which was later extended to the PBM, to measure the 

extent of market integration in the gasoline market. This model was then extended by 

Sexton et al. (1991) to measure market integration in agricultural markets and Baulch 

(1997b) further improved it to its current form.  

The PBM takes the transfer cost into account in assessing market integration. 

Depending on the magnitude of the price parity between the markets at each time point 

in relation to the transfer cost, the model defines three marketing regimes into which 

each observation falls.  

Regime 1: the price parity between the two markets is exactly equal to the transfer cost 

of moving products ( ij

tK ) between the two markets ( ij

tjtit KPP  ).  

Regime 2: the price parity between the two markets is less than the transfer cost of 

moving products between the two markets ( ij

tjtit KPP  ).  
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Regime 3: the price parity between the two markets exceeds the transfer cost of moving 

products between the two markets ( ij

tjtit KPP  ).  

According toBaulch (1997b), for two markets in which production and consumption are 

specialized, only the first regime is consistent with the market integration. However, 

when production and consumption are non-specialized, which is the most common 

occurrence in developing countries, both Regime 1 and 2 are considered as consistent 

with the market integration. Regime 3 is considered to be as inconsistent with market 

integration, irrespective of the production and consumption status, as it reflects unused 

arbitrage opportunities for traders to make a profit by shipping the product from a 

surplus to a deficit market. Once the observations are categorised into these three 

regimes, the frequency in which two markets are integrated is assessed based on the 

proportion of observations in each regime.  

In practice estimating the frequency of each of the three regimes is not as simple as it 

appears. This is due to the difficulty of categorizing observations into regimes which 

results from the difficulty in obtaining the transfer cost for each time periodthat includes 

both observable and non-observable cost components. Therefore, in testing the PBM 

empirically, the transfer cost of moving the commodity between the two markets is 

estimated for a given time period through an empirical study, and then the probabilistic 

limits are defined within which the spatial arbitrage conditions are likely to hold in 

other periods (Baulch, 1997b; Moser et al., 2005). Using the maximum likelihood 

technique, the upper and the lower parity bound are then determined. These two limits 

define the neutral band in which prices do not adjust in response to price changes in the 

other market. Figure 3.1, which is taken from Baulch (1997b), depicts these upper and 

lower bounds and the three regimes discussed so far. In the figure, the Y axis denotes 

the parity in prices between two markets, whilst the X axis denotes time. Thus, the line 
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which falls and rises in the figure indicates the actual price difference in two markets for 

the given time period. The two dotted lines indicate the lower and upper bounds of the 

transfer costs used to separate the three regimes.  

 

Figure 3-1: Three regimes in the Parity Bound Model (PBM) 

Source: taken from Baulch (1997b) 

As shown in Figure 3.1, if the price difference between the two markets lies within the 

estimated upper and the lower bounds (Regime 1) or below the estimated lower bound 

(Regime 2), then that observation is regarded as representing integration between the 

two markets, given the nature of production and consumption. If the price difference 

falls above the estimated upper bound, then it is classified as in Regime 3. Once the 

transfer costs for all time periods are inferred, the relationship between prices and 

transfer costs in each regime in the PBM can be mathematically illustrated using three 

equations.  
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Equation 3.4 denotes the mathematical expression for Regime 1, where price parity is 

equal to the transfer cost.   

titjtit eKPP 
         (3.4) 

Here the error term te is assumed to be independently and identically distributed 

as ),0( 2

eN  . When the price parity is not equal to transfer cost as for Regime 2 and 3, a 

new error term will be introduced into Equation 3.4, with the revised form of 

relationship given by Equation 3.5.   

*

ttitjtit eeKPP 
         (3.5) 

The term te in Equation 3.5 is the same te as in Equation 3.4. However, as explained 

earlier, apart from this stochastic error term, there is an additional error term in Equation 

3.5 denoted by *

te . This error term could take either a positive or a negative value, 

depending on the size of the price parity in relation to the transfer cost. When the price 

parity is less than the transfer cost, this new error term *

te  takes a negative value ( tu ) 

(Equation 3.6) and when the price parity is less than the transfer cost, it takes a positive 

value ( tv ) (Equation 3.7).  
 

Equation 3.6 denotes the mathematical expression for Regime 2, where price parity is 

less than the transfer cost. The error term of the model has been truncated. 

ttitjtit ueKPP 
         (3.6)  

Equation 3.7 denotes the mathematical expression for Regime 3, where price parity is 

higher than the transfer cost. The error term has been augmented. 
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ttitjtit veKPP 
         (3.7) 

In the PBM, the terms tu  and tv are assumed to be half normal and independently 

distributed with standard deviations of u and v respectively.  

Considering the observed price differences in Equation3.4, 3.6 and 3.7,it is clear that the 

model is in fact an endogenous switching regression model.6 The triggered variable 

which switches the observations across the regimes is the transfer cost. To solve this 

endogenous switching regression model, the Probability Density Functions (PDF) of 

each of these regimes are derived (Equation 3.8, 3.9 and 3.10).  

The PDF for regime 1:  
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The PDF for regime 2: 
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The PDF for regime 3: 
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    (3.10) 

Here tY denotes the absolute value of the natural logarithm of the price difference 

between two markets and Kt is the natural logarithm of nominal transfer cost; ue  , and 

                                                           
6The Switching regression model involves the case where one outcome is observed when a binary 

variable takes the value 1 and another outcome when it takes zero. Switching regression models are used 

when the dependent variable is categorical (Powers, 1993).   
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v are the standard deviations of the three error terms, te , tu  and tv ;  and  denote the 

standard normal density and distribution functions.
 

Once the PDFs are defined, the likelihood function for the PBM is defined as a mixture 

of these three independently defined PDFs. This likelihood function of the sum of a 

symmetric normal random variable and truncated variables is given in Equation 3.11. 
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      (3.11) 

while, 1

tf , 2

tf  and 3

tf  respectively denote the PDF of three regimes separately, 

parameters 1  and 2  denote the probability of falling in to Regime 1 and 2. To 

estimate 1 , 2 and the standard errors of the model, the likelihood function will be 

maximized, under the constraint that k  vary between zero to one and 


3

1k

k  is equal to 

one. Once values for 1  and 2  are obtained, the probability of being in Regime 3 is 

estimated using the probability of being in Regime 1 ( 1 ) and the probability of being in 

Regime 2 ( 2 ). In interpreting the results for two markets where production and 

consumption is not exclusive, if 1  and 2  together account for more than or equal to 

0.6, these two markets are concluded to be integrated 60% of the time. This 0.6 cut-off 

point is a subjective value and hence can vary from one researcher to another.  

The main criticism of the PMB is its assumptions on the distribution of the error terms 

in the model (Van Campenhout, 2007). Further, it is argued that the PBM is a static 

model and does not taken into account the delay in response to price changes by 

integrated markets. 



Methodology 

46 

 

3.2.6 THRESHOLD AUTOREGRESSIVE MODELS 

The Threshold Autoregressive (TAR) models are the second type of econometric 

techniques which includes the transfer cost into the analysis.  

TAR models were first developed by Tsay (1989) by advancing the non-linear time 

series models developed by Tong (1978). Over the last few decades, with little 

variations to the basic model, threshold models have then been applied by many 

researchers such as Goodwin and Grennes (1998), Obstfeld and Taylor (1997) and Van 

Campenhout (2007) to test price parity relationship. In incorporating the transfer cost in 

the model, the threshold models allow a different relationship between prices in two 

connected markets once a threshold (transfer cost) is surpassed, and otherwise.  

The starting point of the threshold models estimation is similar to the cointegration 

technique, in which it is believed that if markets are integrated, then price in one market 

adjusts according to price changes in the other market and hence the parity between the 

two prices remains stationary. Price parity remains unchanged because a price change in 

one market triggers traders in the other market to change their price accordingly. This 

decay in the price parity, which exceeds the long-run equilibrium, is given by the 

autoregressive model of the following form (Equation 3.12). 

ttt ee   1           (3.12) 

where jtitt PPe   and t  is the white noise residual.  

Threshold models further analyse this autoregressive process by arguing that, due to the 

presence of transfer cost, a small parity between prices (less than transfer cost) may not 

evoke equilibrium adjustments (Goodwin et al., 2002) and, in turn, the autoregressive 

process cannot be specified by one equation as in 3.12. Therefore, threshold models 

specify the autoregressive process as follows:  
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tttt eee    ))(1()( 1

2

1

1        (3.13) 

Here 1  if )1te > threshold value (transfer cost) and 0 otherwise. The parameter 

1 reflects the speed of equilibrium adjustment when the price parity is above the 

transfer cost: the parameter 2  reflects the speed of equilibrium adjustment when the 

price parity is below the transfer cost. Once the model is estimated using an F test non-

linearity in adjustment is tested.  

This simple TAR model was later extended by many researchers to various versions to 

test market integration. Two of the well-known extensions are the threshold 

cointegration tests and multiple threshold cointegration models (Balke & Fomby, 1997).  

Both the PMB and TAR models share similar features with respect to the incorporation 

of the transfer cost into the model. However, there are notable differences between the 

two models. First, the PBM empirically estimates the threshold value (observable 

transfer cost) and allows it to vary across time by deflating it. In the TAR models, 

threshold values are determined by a grid-search method and are assumed to be constant 

over time. One exception to this is the study of Van Campenhout (2007) in which the 

threshold was modelled as a function of time. Second, in terms of the outcome of these 

models, the PMB gives the probability of being integrated and non-integrated while 

threshold models give a dichotomous answer of being integrated or not. However, as 

well as from inferring whether markets are integrated or not, the TAR models provide 

additional information on the adjustment speed of the marketing system or on the time 

taken to transfer price changes from one integrated market to the other.  

Both these models have their pros and cons and the selection of the more appropriate 

model depends on the context under investigation. For example, if there are trade 

reversals and the trade flow is discontinuous, then the PBM is preferable over the TAR 
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models, whereas when there are no trade reversals, and trade flaws are continuous, the 

threshold models are better than the PBM ( Barret, 1996).  

Since this thesis focuses mainly on the vertical market integration, where there is no 

trade reversals, one of the TAR models, Enders and Siklos’s asymmetric TAR model, 

has been used to assess market integration. This specific model of TAR is used in the 

analysis as it allows testing both market integration and the presence of APT (see 

description of the model in Section 3.4). A general overview of the econometric 

techniques used in assessing the presence of APT follows. 

3.3 ECONOMETRIC TECHNIQUES USED TO MEASURE THE 

PRESENCE OF APT 

This section briefly reviews the techniques used in a large number of empirical studies 

to measure APT. A selected list of emprical studies in the area has been presented in 

Table 3.2 with basic features of each study such as the method use, commodity market 

analysed, country studied and the results obtained. As shown in the table, most of the 

earlier attempts made to assess the presence of APT took place in developed countries. 

Of the variaous econometric techniques used, as shown in Table 3.2, the Wolffram-

Houck model,primarialy developed based on the work of Wolffram (1971) and Houck 

(1977), was the most common method testing for the presence of APT in the 

agricultural marketing system before the use of the cointegration technique in analysing 

time series data.A few other models including the Generalized Switching Model (GSM) 

and the mark-up model have also been used to test the presence of APT in agricultural 

markets in early days. However, since von Cramon-Taubadel (1998) has applied the 

cointegration methods to test the presence of APT, the use of the Wolffram-Houck 

model has declined. Since then the basic cointegration test of von Cramon-Taubadel 

(1998) has been much improved. A number of reviews and surveys have discussed 
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these various methodological techniques of APT modelling (See for example Meyer and 

Cramon‐Taubadel (2004); Frey and Manera (2007) and Hassouneh et al. (2012).  

Brief description of the earlier econometric methods used to assess APT, particularly 

the most widely used two econometric models of assessing the APT, the Wolffram-

Houck model and the Asymmetric Error Correction Model (AECM), are given in the 

next two sub-sections.  
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Table 3.1: Empirical research on price asymmetry 

No Country Commodity Method Results Author(s) 

1 USA Twenty two food commodities Wolffram-Houck model  

 

Symmetric (Heien, 1980) 

2 USA Vegetables  

(Carrots, Celery, Cabbage, Corn, 

Cucumber, Green peppers, 

Potatoes, tomato) 

Wolffram-Houck model  

 

 

 

Asymmetry  

 

(Ward, 1982) 

3 USA Dairy products (fluid milk, butter, 

cheese, and ice cream).  

Mark-up pricing model Asymmetric (Kinnucan & Forker, 

1987a) 

4 USA Pork cuts Wolffram-Houck model  

 

Asymmetric  (Schroeder, 1988) 

5 USA Beef and Pork  Generalized Switching Model 

(GSM) 

Asymmetric (Hahn, 1990) 

6 USA Fresh lemons and Navel oranges Wolffram-Houck model  

 

Asymmetric (Pick et al., 1990) 

7 Alberta 

(Canada) 

Pork Wolffram-Houck model  

 

Symmetric (Punyawadee et al., 1991) 

 

8 Australia Beef, lamb and pork 

They have checked for asymmetry 

in magnitude. 

Mark-up pricing model Asymmetric for beef and lamb 

and Symmetric for pork. 

 

(Griffith & Piggott, 1994) 

9 USA Peanut and peanut butter Mark-up pricing model 

 

Asymmetric  (Zhang et al., 1995) 

10 USA Broiler Wolffram-Houck model  

 

 (Bernard & Willett, 1996) 

11 Malaysia 11 vegetables Wolffram-Houck model  

 

 

Asymmetric  (Mohamed et al., 1996) 

12 USA Pork 

 

Wolffram-Houck model  

 

Symmetric (Boyd & Brorsen, 1988) 

13 USA Milk Wolffram-Houck model  

 

Asymmetric  (Carman, 1998) 

14 USA Agricultural commodities and 

gold and gas  

Wolffram-Houck model  

 

Asymmetric  (Gravelines & Boyd, 1999) 

15 USA Apple Wolffram-Houck model  

 

Symmetric between wholesale 

and Farm-gate market, and retail 

( Schertz et al., 1998)  
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and Farm-gate market.  

Asymmetric between retail to 

wholesale, and farm-gate to 

wholesale market  

16 USA 77 consumer and 165 producer 

goods. 

Lag distributed model  Asymmetric for two-third of 

commodities studied.  

(Peltzman, 2000) 

17 Congo  Food (Beans, Cassava, peanut, 

Maize) 

Wolffram-Houck model  

 

Asymmetric (Minten & Kyle, 2000) 

18 Brazil   Fresh tomato and onions, 

(Soluble coffee and powdered 

milk) (rice and beans).  

Wolffram-Houck model  

 

Asymmetric  (Aguiar & Santana, 2002) 

19 USA Butter  Flexible dynamic reduced form 

model 

Asymmetric 

 

(Chavas & Mehta, 2004) 

20 German Pork  Asymmetric Error Correction 

Model (AVECM) 

Asymmetric (von Cramon-Taubadel, 

1998) 

21 Poland Fluid milk  AVECM Asymmetric (Fałkowski, 2010) 

22 Poland and 

Hungary 

Milk AVECM Symmetric in Hungary and 

asymmetric in Polish.  

 

(Bakucs et al., 2012) 

23 Hungarian Pork AVECM Symmetric (Bakucs & Fertõ, 2005) 

24 Hungarian Beef AVECM Symmetric  (Bakucs & Fertő, 2006) 

25 USA Milk  AVECM Asymmetric (Capps Jr & Sherwell, 

2007) 

26 Spain  Dairy products  Threshold Vector Error 

Correction Model (TVECM) 

Symmetric for sterilized milk 

and cream caramel, and 

asymmetric for pasteurized milk.   

(Serra & Goodwin, 2003) 

27 USA Beef  TVECM Symmetric (Goodwin & Holt, 1999) 

 

28 Philippines  Rice market  Wolffram-Houck model  

 

Symmetric (Reeder, 2000) 

29 Vietnam  Hog market AVECM Symmetric in one region and 

asymmetric in the other region  

(Le Goulven, 2000) 

30 Spain Poultry market TVECM symmetric between farm gate 

and input markets  

asymmetric between farm-gate 

to retail 

(Ben‐Kaabia et al., 2005) 

31 Span Lamb market TVECM  Asymmetric                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 (Ben-Kaabia & Gil, 2007) 
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32 Philippines  Cabbage and Onion Wolffram-Houck model  

 

Symmetry for Cabbage:  

Asymmetric for onion 

(Digal, 2005) 

33 USA Dairy product Threshold Autoregressive 

Model (TAR) 

Symmetric for cheese and 

asymmetric for butter and milk.    

(Awokuse & Wang, 2009) 

34 Switzerland Pork TAR Asymmetric (Abdulai, 2002) 

35 France Fish species TAR Asymmetric (Jaffry, 2004) 

36 Canada and 

USA 

Durum Wheat TAR asymmetric  (Ghoshray, 2007) 

37 Thailand and 

Vietnam 

Rice  

 

TAR Asymmetric  (Ghoshray, 2008) 

38 Greece  Vegetable, fruit and food AECM and LSE-Hendry 

general-to-specific (GETS) 

approach.  

Symmetric for fruit and 

asymmetric for vegetables  

(Reziti & Panagopoulos, 

2008) 

39 Nepal-India Rice TAR Asymmetric (Sanogo & Amadou, 2010) 

40 Ghana Maize TAR Asymmetric (Acquah, 2010) 

41 USA Soybean 

(TAR and repeated TAR model). 

TAR Asymmetric  (Nakajima, 2011) 

42 France Fish species (Cod and Salmon) TAR Asymmetric (Simioni et al., 2012) 

43 Malaysia and 

Indonesia 

Palm oil TAR Asymmetric (Nakajima, 2012) 

44 India Sugar AECM  Asymmetric  

 

(Bhardwaj et al., 2012) 

45 USA Pork TVECM Model Asymmetric (Miller & Hayenga, 2001) 

46 Taiwan Hog Band-TAR model  (Chen & Lee, 2008) 

47 Taiwan Rice TAR model Asymmetric (Huang et al., 2009) 

48 Benin and 

Mali 

Rice TAR model Asymmetric (Fiamohe et al., 2013) 
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3.3.1 WOLFFRAM-HOUCK MODEL 

The Wolffram-Houck model was based on the work of Tweenten and Quance (1971), 

Wolffram (1971) and Houck (1977) on non-reversible demand functions. Non-

reversible demand functions deal with asymmetric demand adjustment with respect to 

price increases and decreases. The objective of developing the non-reversible function is 

to check whether one unit increase in the independent variable exerts the same effect on 

the dependent variable as one unit decrease in the independent variable. 

To test this, the following model was introduced (Equation 3.14). Here, ty  is the 

dependent variable. The variable 
'

tx is the positive change of the independent variable 

tx  while 
''

tx  is the negative change in the independent variable. The coefficients 

'

ka and 
''

ika respectively denote the response of the dependent variable to positive and 

negative changes of the independent variable. 

''''''

0 tktkt xaxaay          (3.14) 

If the size of these two coefficients is statistically different from one another, then it can 

be concluded that positive and negative changes of the independent variables create 

different response on the dependent variable ty . 

To execute this procedure empirically, first, the change in the independent variable is 

split into two, based on the size of the change as shown in Equation 3.15. 

1 ttt xxx          (3.15) 

If 01  tt xx  then the change in the independent variable ( tx ) is denoted by the 

notation 
'

tx  and if 01  tt xx , then the change in the independent variable ( tx ) is 
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denoted by the notation
''

tx . Thus, when 
'

tx  has a non-zero value, the value of the 

variable 
''

tx is equal to zero and vice versa.  

Once values for these two variables at each time are estimated, the sum of the period-to-

period change in
'

tx , sum of the period-to-period change in 
''

tx  and sum of the period-to-

period change in ty  are calculated. They are respectively denoted by 
*

tR , 
*

tD  and 
*

tY . 

Then by regressing 
*

tR  and 
*

tD  on 
*

tY  the coefficients 
'

ka and 
''

ka  in Equation 3.16 is 

estimated. Here, the coefficients 
'

ka and 
''

ka respectively measure the response of the 

dependent variable to one unit increase in independent variable and one unit decrease in 

the independent variable.   

*''*'

0

*

tktkt DaRaaY          (3.16) 

Having estimated Equation 3.16, the equability of the response parameter (
'''

kk aa  ) is 

checked using an F-test. If the test confirms the equality, then both increasing and 

decreasing of the independent variable ( tx ) are considered to create the same impact on 

the dependent variable ty . 

The Wolffram-Houck model was first applied to test asymmetry in price transmission 

between retail and wholesale markets of twenty-two commodities in the USA by Heien 

(1980). Later, Ward (1982) extended this model into a dynamic model to test the APT 

in the USA vegetable market. Following Ward (1982), many researchers such as 

Kinnucan and Forker (1987a); Boyd and Brorsen (1988); Pick et al. (1990); Bernard 

and Willett (1996) and Mohamed et al. (1996) used the Wolffram-Houck model to test 

the asymmetry in price transmission. Over time the original model was modified to 

make it more suitable for price transmission process of agricultural commodities.  



Methodology 

55 

The main econometric flaw of the Wolffram-Houck model is that it did not explicitly 

consider the non-stationarity of data and hence could not be used to test the presence of 

APT when the prices of two markets are cointegrated (von Cramon-Taubadel, 1998; 

Hassouneh et al., 2012).As a remedy to this, in 1998, von-Cramon-Taubadel made the 

first attempt to use the Asymmetric Error Correction Model (AECM), developed 

byGranger and Lee (1989), to test the differential effect of price increases and decreases 

on price transmission process. The AECM, a non-linear extension of the standard 

Vector Error Correction Model (VECM) is described in Section 3.2.2.   

3.3.2 THE ASYMMETRIC ERROR CORRECTION MODEL (AECM) 

The AECM is a piecewise linear model with two regimes. One regime represents the 

price transmission process in which the price parity between the two markets increases 

(margin increases) relative to its long-run equilibrium level: the other represents 

transmission in which the price parity between the two markets decreases (margin 

squeeze) relative to its long-run equilibrium level. Thus, the AECM estimates separate 

adjustment speeds for positive deviations from the long-run equilibrium and negative 

deviations from the long-run equilibrium.   

In order to estimate separate adjustment speed for positive and negative price deviations 

from the long-run equilibrium, the test first runs a cointegration test between the prices 

in the two markets. If the two markets were found to be integrated, then the estimated 

Error Correction Term (ECT) of the model is split into two as positive and negative 

ECTs. Here the ECT is the lagged residuals from the estimated regression model 

between the two price series.  Once the ECT terms were split, then the following AECM 

given in Equation 3.17 is estimated. 
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1

22   (3.17) 

Here, itP  is the change in prices in the 
thi  market and jtP is the change in the prices 

in the 
thj market. The coefficients 0  and 3  respectively measure the response of the 

prices at thi and
thj  markets to the price changes at 

thj  and 
thi markets. The parameters 

1  and 2  respectively measure the response of prices at thi and thj  markets to its own 

lag prices. The coefficients 1 , 2 , 3  and 4 are the corresponding adjustment 

speeds. The terms i and j are the normal random error term. The parameters 1 and 

2 are constants. Once the model is estimated then using an F test, the equality in 

adjustment coefficients, 1  and 2 : 3  and 4 , are checked. Modifying this basic 

version of the AECM, some researchers divide the change in prices in the price 

originating markets also into two, in addition to splitting the previous term error terms, 

and incorporate them into the model. The AECM in this form is given in Equation 3.18. 
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Although the AECM successfully models the asymmetric price transmission process by 

splitting the error term into two as positive and negative, it was later realized that the 

threshold value which change the relationship between prices in the two markets could 

be different from zero. The relationship could be taken into a new level by a threshold 

which is different from zero. This non-zero threshold is the transfer cost. More 

precisely, as explained in Section 3.24, the transfer cost of moving products between 
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markets creates a neutral band within which price changes in one market are not 

transmitted to the other level. 

With this understanding, the TAR models (see Section 3.2.6) began to use in APT 

analysis (Hassouneh et al., 2012). The basic TAR models were later modified to various 

threshold models such as threshold cointegration, Threshold Vector Error Correction 

Models (TVECM) and the Smooth Transition Vector Error Correction Models 

(STVECM). The selection of the best threshold cointegration model depends on the 

scenario being analysed and the availability of statistical software (Hassouneh et al., 

2012).  

Another modified TAR model, which is different from those already cited, is Enders 

and Siklos’s asymmetric TAR model. This model disputes the use of cointegration 

technique to test the market integration at the presence of APT. Since this thesis uses 

the asymmetric TAR model, a detail description of the model is described below.  

3.4 ENDERS AND SIKLOS’S ASYMMETRIC THRESHOLD 

AUTOREGRESSIVE MODEL 

To explain the underlining theory behind the asymmetric TAR model, assume that there 

are two markets and they are co-integrated in the long-run as: 

tjtit PP   10          (3.19) 

where, itP is the price in the ith market (import market) at time t and jtP is the price in the 

jth market (export market) at time t respectively. The coefficients, 0 and 
1 are the 

parameters to be estimated,
1 is the price transmission coefficient between the two 

markets and the term t in Equation3.19is the white noise process or the ‘shock’. This is 

assumed to be equal to zero in the long run. 
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Assume that there is an external shock to the system which leads to a deviation in prices 

from their long-run equilibrium. With this, the error term will deviate from zero and 

take either a positive or negative value, depending on the nature of the shock. However, 

as these two markets are co-integrated, this disequilibrium triggers the actions of traders 

and hence leads to restoration of the equilibrium in the following periods. The time 

taken to restore the equilibrium is known as the adjustment speed. If the time taken to 

restore the equilibrium is independent of the direction of the price deviation, then the 

process is symmetric and the error correction process can be depicted in Equation3.20 

below.  

ttt u 1                                                    (3.20) 

In this equation, t is the change in the error term and 1t is the previous period error 

term. The term  gives the proportion of the earlier error term corrected by the system 

within a unit period of time. The term tu is the stochastic error term. However, if the 

adjustment process is asymmetric, the above stated co-integration relationship and the 

error correction process are mispecified and do not offer the true adjustment speed 

(Enders & Siklos, 2001). Thus, an alternative specification ofEquation3.20 is needed. 

This alternative specification, known as the asymmetric TAR model, implies that the 

price transmission process is non-linear. Specification of the asymmetric TAR model is 

detailed in Equation 3.21 below. 
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ttt

t
ifu
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     (3.21) 

Here, t is the change in the error term and reflects the change in the deviation of 

error term from the long-run equilibrium. The term 1t is the error term in the previous 
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time period; the right hand side value ( ) is known as the threshold value. Terms 1  

and 2  respectively denote the adjustment speed of the system to its equilibrium when 

the deviation from the equilibrium is above and below a threshold value.  

In general the value of threshold ( ) is unknown and needs to be estimated along with 

1  and 2 (Enders & Siklos, 2001). However, in a number of situations the threshold 

is defined as zero, and then the co-integrating vector coincides with the attractor in 

vector error correction models. In such circumstances, 1  and 2 respectively denote 

the adjustment speed of the system to its long-run equilibrium, where the previous 

residual is above the long-run equilibrium and below the long-run equilibrium 

respectively. The error term above the long-run equilibrium (


1t ) resembles an 

increase in the margin between the two markets while the error term below the long-run 

equilibrium (


1t ) resembles the squeeze of the margin between the two markets. The 

rest of this section will outline the estimation procedure of the TAR model.  

The TAR model is the asymmetric version of the Engle and Granger co-integration test 

(Sanogo & Amadou, 2010). Thus, the first step of the TAR is to split the residuals of 

Equation3.19 into two, based on the threshold level. Setting the threshold to be zero 

indicates that one category of the residuals consists of the lagged error terms above the 

long-run equilibrium (


1t ). The other category consists of the lagged error term below 

the long-run equilibrium (


1t ). This is shown by the Heaviside indicator (It) specified 

below. 
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Then the speeds of the adjustment are estimated using Equation3.23 given below.  

tttt uII   1211 )1(         (3.23) 

In order to allow for dynamic adjustments, lag changes in residual terms can be added 

into the model. The model with optimal lag length is selected based on the values of the 

Akaike Information Criterion (AIC),which is obtained by maximizing the log-likelihood 

function and the Schwarz criterion (SC), which is obtained by finding the Bayes 

solution (Akaike, 1998).  

The Momentum Threshold Autoregressive (M-TAR) model is an alternative to the TAR 

model. Selection between these two is based on the AIC and SC values. The only 

difference between the TAR and the M-TAR model is the way the Heaviside Indicator 

is defined. In defining the Heaviside indicator for M-TAR, the variable I is defined in 

terms of the change in the previous period error term, as shown in Equation 3.24. 
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According to Enders and Siklos (2001), estimation of the M-TAR is preferred over the 

TAR when adjustment is asymmetric to the degree that the series exhibits more 

“momentum” in one direction than the other (Abdulai, 2000).  

Once Equation 3.23 is estimated, then whether the markets are in fact integrated is 

checked. As mentioned previously, if markets are integrated, long-run equilibrium is 

resorted via adjustment of prices. There are two necessary conditions for the acceptance 

of this convergence to the long run equilibrium: first, adjustment speeds should be less 

than zero (i.e. )0;0 21   ; second, (1+ 1 ) (1+ 2 ) <1. Meeting these two 

conditions indicates that any shock which leads to deviation of the error term from its 

long-run equilibrium will be nullified by the system itself. If these two conditions are 



Methodology 

61 

fulfilled, whether the adjustment speeds are significantly different from zero is then 

checked. For that, the null hypothesis of (i.e. 021   ) is tested using an F test. 

Note that instead of normal F statistics to draw conclusions, here the critical   values 

derived by Enders and Siklos (2001) are used. The critical   value depends on the 

sample size and the number of variables included in the relationship. These critical   

values of Enders and Siklos (2001) are given in Table 3.2. 

Table 3.2: Critical  values provided by Enders and Siklos (2001) 

Panel A: TAR adjustments 

Obs No lag change One lag change Four lag change 
50 5.09 6.20 8.78 5.08 6.18 8.67 5.22 6.33 9.05 

100 5.01 5.98 8.24 4.99 6.01 8.30 5.20 6.28 8.82 

250 4.94 5.91 8.08 4.92 5.87 8.04 5.23 6.35 8.94 

500 4.91 5.85 7.89 4.88 5.79 7.81 5.21 6.33 9.09 

Panel B: M-TAR adjustments 

50 5.59 6.73 9.50 5.56 6.67 9.32 5.32 6.39 8.89 

100 5.45 6.51 8.78 5.47 6.51 8.85 5.20 6.20 8.46 

250 5.38 6.42 8.61 5.36 6.38 8.62 5.13 6.12 8.26 

500 5.36 6.35 8.43 5.32 6.28 8.40 5.06 6.05 8.31 

Source: Enders and Siklos (2001) 

If markets are found to be integrated, next the equality in the adjustment speeds or the 

presence of asymmetry is checked. This is done using an F test with the null hypothesis 

of no significant difference between adjustment speeds (i.e. 21   ). The rejection of 

the null hypothesis suggests that the magnitudes of the two adjustment speeds are 

significantly different from each other and hence the price transmission process is 

asymmetric. 21   , implies that positive deviations from the equilibrium tend to 

persist for a longer time in the system than the negative price deviations. In contrast, 

21   indicates that negative deviations tend to persist in the system for a longer 

period than positive deviations.  
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Following estimation of the TAR and the M-TAR models, if any evidence for 

asymmetric price transmission behaviour in the market is found, Equation 3.25 is 

estimated.  
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Here itP is the difference between import prices of the two consecutive periods. The 

letter s  denotes the number of lags, where ks .......,1 . The coefficients
1 and 

2 respectively denote time taken to transmit price increases and price decreases at the 

thj market to thi market. The term tu is the random error term.  

3.4.1 METHODOLOGICAL CONTRIBUTION 

Usually in estimating a TAR model, the threshold values are estimated using grid search 

method and assumed it to be constant over the study period. However, in this thesis, 

when the TAR model is estimated for vegetable market, the transfer cost (threshold 

value) was estimated using a primary survey and the threshold value was allowed to 

vary across time. 

3.5 CONCLUDING REMARKS 

This chapter provided an overview of the evolution of econometric techniques used in 

the empirical literature in measuring market integration and the presence of APT in the 

agricultural markets. In particular, the chapter discussed the theoretical underpinnings 

and limitations of these models. As evident by this overview, although different 

techniques have been used to measure these two issues in the past, and the advancement 

of econometric techniques in these areas has taken place independently (from one 

another), there has been an increasing trend in the recent past to use TAR models to 

measure both these concepts: the majority of these studies assess both of them using one 



Methodology 

63 

TAR model. This thesis also uses one of the TAR models, Enders and Siklos’s 

asymmetric TAR model, in assessing both market integration and the presence of APT 

in the three main food markets in Sri Lanka. The next chapter will outline the food 

security situation in Sri Lanka in order to lay the foundation for the empirical chapters 

of this study related to the key food markets in Sri Lanka. 



 

64 
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CHAPTER 4 FOOD INSECURITY IN SRI LANKA 

4.1 INTRODUCTION 

This chapter provides the foundation for the empirical chapters of the thesis through a 

detailed account of widespread food insecurity in Sri Lanka and the possible root causes 

for the prevalence of food insecurity in the country. 

The chapter organization is as follows: Section 4.2 details the current status of the food 

insecurity situation in Sri Lanka. Section 4.3 discusses possible root causes for the 

widespread food insecurity in the country. Section 4.4 discusses the results of a 

preliminary analysis carried out to assess the sensitivity of Sri Lankan consumers to 

food price changes. Section 4.5 summarizes the chapter. 

4.2 FOOD INSECURITY SITUATION IN SRI LANKA 

Sri Lanka (Democratic Socialist Republic of Sri Lanka) is an island in the Northern 

Indian Ocean with the area of 65,610 Sq km. The country is administratively divided 

into nine provinces: Western, Central, Southern, Northern, Eastern, North Western, 

North Central, Uva and Sabaragamuwa. Provinces are further subdivided into 25 

districts. In addition to these administrative divisions, from a macroeconomic 

perspective, the country is divided into three main sectors, urban, estate and rural, where 

the urban sector consists of households that are governed either by municipal or urban 

council, the estate sector consists of all households in plantation estates with 20 or more 

acres and with 10 or more resident workers, and the remaining is classified as the rural 

sector (Department of Census and Statistics, Sri Lanka, 2014). 

Sri Lanka, the first country to reach the middle-income category in South Asia, has a 

population of slightly above 20 million. The country has recorded robust economic 

growth, with an average of 7.3% since the end of the nearly three-decade civil conflict 
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in May 2009 (World Bank, 2014) (see Figure 4.1, Panel A). Consistent with this 

economic advancement, the poverty head count ratio has dropped dramatically from 

26.1% in 1990 to 6.7%in 2012 (Department of Census and Statistics, 2013a) (see Figure 

4.1, Panel B). Continuing its progress in social development, the country has recorded a 

value of 0.715 for the Human Development Index (HDI), the highest ranking in the 

South Asian region (UNDP, 2014).  

 

Panel A: GDP per capita (Constant 2005 US$) 

 

 

Panel B: Poverty head count ratio (%) 

Figure 4-1: Economic growth and poverty headcount ratio In Sri Lanka 

Source: Based on data from the Department of Census and Statistics, Sri Lanka (2013) and 

World Bank (2013) 
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However, despite these economic and social achievements, and the continuous attempts 

made by government since Sri Lanka has gained Independence from British rule,7food 

insecurity in the island remains high. According to the Global Food Security Index 

measured by the Economist Intelligence unit, the country ranks 60th among 109 

countries (The Economist, 2014). Compared to the values of 64 and 63 for year 2012 

and 2013 respectively, this is a slight improvement. However, as the values of the sub-

components of the index (availability, affordability, and quality and safety) suggest, 

country need to take urgent actions to enhance the affordability and the quality and 

safety of food in order to ensure food security of people. However, it is noteworthy to 

mention that, even though, a significant proportion of population is food insecure in Sri 

Lanka, overweight and obesity rates in the country also are on an increasing trend, 

where 25.2% and 6.5% of the Sri Lankan population were respectively found to be 

overweight and obese in 2014 (WHO, 2015).  

The extent of the severity of food insecurity, as measured by the proportion of 

population whose daily calorie intake is less than the recommended level of daily 

calorie intake, indicates that nearly one quarter of the population in Sri Lanka was 

undernourished in 2012/2014 (FAO, 2014). Since this indicator is based on the 

inadequate intake of a single nutrient, the calorie, it can be argued that the percentage of 

undernourishment is an underestimation of the actual percentage of food insecurity in 

the country. As noted earlier, although the calorie is an important nutrient for a healthy 

diet, it alone cannot guarantee an active and a healthy life (Von Braun, 1992; Pérez-

Escamilla & Segall-Corrêa, 2008; Pinstrup-Andersen, 2009). For an active and healthy 

life, it is vital to get other macronutrients, such as protein and fat, as well as 

micronutrients such as minerals and vitamins. Therefore, in order to gain a complete 

understanding of the severity of Sri Lankan food insecurity, statistics on intake of other 

                                                           
7See Annex 1 for a detailed account of government interventions that have been taken place since 1940to 

reduce the country’s food insecurity. 
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macro and micronutrients are need to be taken into account. However, data on per capita 

protein, fat and micronutrient intakes by an average Sri Lankan individual are not 

published regularly by any international or national organizations. Therefore, the 

chapter relies on previous studies and various reports for intake of these nutrients by Sri 

Lankan to get an insight into the intake of these other nutrients. 

As revealed by the Central Bank Socio economic survey, 2012, daily protein intake by 

an average Sri Lankan individual was 67.1g in 2010, which was above the Medical 

Research Institute of Sri Lanka’s (MRI) recommended daily protein intake of 60g per 

day. However, a more recent study by Jayawardena et al. (2014) disputed this figure. 

According to them, the daily per capita protein intake is only about 45g per day and it is 

well below the recommended intake level.   

Data is not available on micronutrients intake, as it is difficult to measure its intake 

precisely due to the small intake size. Therefore the chapter relies on the prevalence of 

micronutrient deficiencies in the country in order to get an insight into the inadequate 

intake of micronutrients. The available statistics suggest that iron deficiency anaemia 

(IDA) and vitamin A deficiency are the most prevalent micronutrient deficiencies 

among Sri Lankans (Piyasena, 2002). Specifically, prevalence is highest among 

children, where on average 15.1% of children under the age of five are anaemic 

(Jayatissa et al., 2013). Pregnant women, especially those who live in the plantation 

sector, have also shown a higher tendency to be anaemic than non-pregnant women 

(Atukorala et al., 1994; Shekar et al., 2007). Furthermore, it was revealed that the 

prevalence of micronutrient deficiencies is above the national average in war-affected 

areas and in some rural areas(Jayatissa et al., 2013). 8 

                                                           
8viz, Killinochchi (26.9%), Trincomalee (23.1%), Moneragala (25.6%), Polonnaruwa (21.5%) and 

Puttalam (20.3%). 
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Although these few paragraphs suggest that food insecurity is a pressing issue in the 

country using national level figures, it is often believed that national figures mask the 

wide heterogeneity in intake of nutrients in the country. Therefore, the next section 

discusses the regional disparities of nutrient intake and, in turn, the spatial disparities in 

food insecurity in Sri Lanka.  

4.2.1 SPATIAL VARIATION IN FOOD INSECURITY 

The section first focuses on the percentage of undernourishment9 at the sub-national 

level in order to reveal spatial variation of food insecurity. As revealed by the 

2006/2007 Household Income and Expenditure Survey (HIES) data, the prevalence of 

undernourishment was highest in the urban sector, followed by the rural and the estate 

sector. In particular, more than 60% of the urban population, 32.7% of the estate and 

49.2% of the rural sector population were respectively, undernourished (Figure 4.2).  

 

Figure 4-2: Prevalence of undernourishment at the sectoral level in 2006/2007 

Source: Based on the data from the Department of Census and Statistics (2012) 

 

The undernourishment rate is comparatively low among estate sector dwellers as 

compared to urban and rural dwellers because estate residents consume more dietary 

                                                           
9 Prevalence of undernourishment is the percentage of people those who do not intake adequate food to 

meet their dietary energy requirement over a period of one year is considered. 
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energy as compared to urban and rural residents (Figure 4.3). This difference in dietary 

energy intake that estate dwellers take more energy as compared to their counterparts in 

other two sectors is evident even 30 years ago.  

 

Figure 4-3: Change in calorie intake over the last three decade 

Source: Central Bank socio-economic report and HIES reports in various years 

The section next focuses on the disparity in protein intake at the sub-national level. 

According to Table 4.1, protein intake was highest in the North central and the Northern 

provinces, whilst it is lower in the Uva and the Sabaragamuwa provinces during both 

the survey years of 1996/97 and 2003/04. Since a large part of the Uva and the 

Sabaragamuwa provinces belong to the estate sector, it is clear that protein intake was 

lowest in the estate sector. A recent study of Jayawardena et al. (2014) has clearly 

shown this disparity in protein intake by adults in three main sectors. As shown in Table 

4.2, protein intake is highest among urban dwellers whilst the intake by male residents 

is slightly higher than that of female residents. Further, it suggests that intake is lowest 

among estate sector females, even though estate sector males have a slightly higher 

intake of protein than rural males.  
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Table 4.1: Per capita protein intake (g) by province 

Province  Per capita daily protein intake 

 1996/1997 2003/2004 

Western 63.8 66.1 

Central  62.1 63.6 

Southern  56.4 60.2 

North  .. 71.6 

Eastern  .. 66.3 

North Western  64.1 70.2 

North Central 64.2 69.8 

Uva 55.4 58.3 

Sabaragamuwa 58.9 61.0 

Average 61.3 64.8 

Source:Central Bank Sri Lanka (2012) 

Table 4.2: Sub-national variation of per capita protein intake (g) by adults 

Sector Male Female Average 

Urban  62.7 41.6 47.8 

Rural  48.7 39.5 42.9 

Estate  50.4 35.1 43.7 

Source:Jayawardena et al. (2014) 

As evident from the above discussion, urban sector people consume more protein and 

less energy, compared to their counterparts in the estate sector. In line with this 

disparity in the nutrient intake, the number for stunted and underweight children under 

the age of five are highest in estate and war-affected rural areas (Jayatissa et al., 2013). 

This disparity in nutrient intakes can be partially attributed to the difference in the 

composition of their food baskets.  

In general, both the estate and the rural dwellers receive a lower income, compared to 

city dwellers. In turn, estate and rural dwellers depend more on inexpensive food items 

such as cereals while urban dwellers diversify their food basket to include nutritionally 

balanced, expensive food items such as fish and meat. This difference in consumption 

baskets is evident by the share of expenditure on different food items by dwellers in 

three sectors (Table 4.3). According to the table, urban people spend about 31% of their 
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income on animal-based food products,10 while the estate sector people spend only 

around 19% of their income on animal-based products. In contrast to this, estate and 

rural sector dwellers spend a higher share of their income on cereals. As a result of this 

higher consumption of cereals, which are high in calorie and low in other nutrients, and 

lower consumption of animal-based products, dietary energy intake is comparatively 

higher among estate dwellers, whilst protein and other micronutrient intakes are low.  

Table 4.3: Share of food expenditure on different food groups by individuals in three 

residential sectors 

Food group Share of expenditure on food items (%) 

 Urban Rural Estate 

Cereal 11.18 

 

16.39 

 

29.78 

 

Food prepared outside the home  17.19 11.06 6.38 

Pulses 2.72 3.62 4.90 

Vegetables and leaves 6.83 8.75 8.79 

Yams and other similar food 1.71 2.57 2.52 

Meat 6.14 3.85 3.34 

Fish (fresh) 11.34 8.26 3.99 

Dried fish 2.53 4.45 2.80 

Eggs 1.00 0.98 1.08 

Coconuts (nuts and powder) 4.46 5.73 4.95 

Milk and milk food 9.63 8.54 8.20 

Source: Department of Census and Statistics Sri Lanka (2011a) 

The next section explores the causal factors of the widespread prevalence of food 

insecurity in Sri Lanka.  

4.3 CAUSES OF FOOD INSECURITY IN SRI LANKA 

As explained in Chapter 2, prevalence of high food insecurity is an outcome of a variety 

of failures in many areas of the economy: a failure of the economy to produce or import 

enough food; a failure of the marketing system to distribute available food; a failure of 

the system to ensure people can afford food; or a combination of one or more of these 

factors. Since the effect of all these factors can be grouped into either an availability 

                                                           
10Animal-based product include meat, fish, dried fish, egg and milk and milk products 
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failure or an access failure11, the next section discusses food insecurity in Sri Lanka in 

relation to food availability and economic access to food. 

4.3.1 FOOD AVAILABILITY AND FOOD INSECURITY 

Sri Lanka is an agricultural country and thus the food requirements of the people are 

mainly fulfilled by local food production. In particular, the demand for fresh products 

such as fruits, meat, fish and fresh milk are mainly met by the local supply. However, as 

shown in Table 4.4, the country imports a considerable share of the requirements for 

dried fish, pulses and nuts and whole dried milk products. Sri Lanka spends one half of 

its food bill on the importation of sugar, milk and milk products (Central Bank Sri 

Lanka, 2012). 

In regard to the production of the food commodities that of utter importance to Sri 

Lankans, rice, vegetable and fish, Sri Lanka has nearly achieved self-sufficiency in rice. 

This achievement could be mainly attributed to earlier attempts to increase the 

production of rice, the main staple, in order to reduce the food insecurity in the country. 

As in many other Asian countries, policy makers in Sri Lanka also held the belief that 

achieving self-sufficiency in rice is equal to achieving self-sufficiency in food (Herath, 

1981). Thus, interventions took place, in the form of land tenure laws, input subsidizing 

programs, credit programs, and the crop insurance act, to boost the production of rice in 

the country (Herath, 1981; Aluwihare & Kikuchi, 1991; Wijayarathna & Hemakeerthi, 

1992; Herath & Jayasuriya, 1996). 

 

 

                                                           
11  Apart from these general causes, poor access to clean water and sanitation also has contributed to food 

insecurity situations in rural war-affected areas in North and Eastern regions (WFP, 2009). 
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Table 4.4: Self-sufficiency ratio of main food items in the food basket, 2010 

Item Local 

production 

Import Self-sufficiency 

ratio  

 000 Metric tons  

Cereals 4469.73 736.82 0.858 

Roots, tubers and other starchy 

food 

381.15 130.89 0.744 

Pulses and nuts 45.18 152.31 0.229 

Vegetables (including onions) 997.14 170.52 0.854 

Fruits 558.43 51.79 0.915 

Meat 134.43 1.55 0.989 

Fish    

Fresh 384.67 13.63 0.966 

Dried and salted 46.57 48.69 0.489 

Tinned fish 0.00 19.18 0.00 

Milk    

Fresh 209.08 0.00 1.00 

Whole dried 9.32 72.42 0.114 

Condensed 5.01 0.03 0.994 

Milk food (Yogurt etc.) 7.96 0.08 0.990 

Source:Department of Census and Statistics Sri Lanka (2012) 

Largely due to these interventions, and the mechanization and use of hybrid rice 

varieties following the Green revolution, rice production in the country has increased 

immensely (Wijayarathna & Hemakeerthi, 1992), and the country has almost achieved 

self-sufficiency in rice(Aluwihare & Kikuchi, 1991). However, as a consequence of this 

high importance placed on achieving self-sufficiency in rice, the production of other 

crops such as tubers and pulses has been neglected, leading to a decline in the 

production of other crops over the years (Figure 4.4).  
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Source: Drawn based on data from Department of Census and Statistics Sri Lanka (2012) 

 

Furthermore, as illustrated in Figure 4.4, self-sufficiency in dairy product also has 

decreased over the years, mainly due to the increase in milk product imports. 

Consequently, the country started importing a significant proportion of its pulses, milk 

and milk products requirements leaving Sri Lanka relying on world market for these 

products. Given this considerable amount of importation of milk products, sugar, pulses 

and dried fish, it is worth evaluating Sri Lanka’s food importing capacity using the Food 

Importing Capacity (FIC). 

 

 

 

 

 

 

Figure 4-4: Local production of food commodities as a percentage of total supply 
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Figure 4-5: Import and export indicators 

Source: Based on the data from Central Bank Sri Lanka (2012) 

 

The FIC, the ratio of total food import expenditure to total export earnings of the 

country, is one of the indicators which reflect the ability to import food. Usually, a 

lower value of FIC is preferred to a higher value, as lower values indicate either high 

self-sufficiency in food or higher export earnings.  

As evident from Figure 4.5, the FIC of Sri Lanka has been increasing since 2005 after 

having been on a decreasing trend since 1990. The two main components of the FIC, 

export revenue and the food import bill, on average have increased over the years. 

During the period of 1990 to 2005, the export revenue increased at a faster rate than that 

of import expenditure, resulting in a decline of the value of the FIC (the ratio between 

the import expenditure and the export revenue). With the reversal of this pattern of 
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growth rates in import expenditure and export revenue after 2005, the value of the FIC 

began to increase, indicating that the import capacity of the country is decreasing. 

Although food importing capacity is decreasing in the country, the country is still 

capable of either producing or importing food. Therefore food availability is not 

considered as a serious threat to achieve food security in the country. In fact food 

affordability is a serious concern in the country than food availability.  

4.3.2 ACCESS TO FOOD AND FOOD INSECURITY 

Economic access to food which is closely related to poverty, relates to the ability to 

access available food while at the same time meeting their other basic needs 

(Frankenberger, 1996). This is often explained as a function of an individual’s income 

and the prices of goods and services. Therefore, it is necessary to review income levels 

of the people and the prices of goods and services in Sri Lanka.  

Sri Lanka is a middle income country with an average income level of Rs.46,207 in 

2012/2013.12 As mentioned previously, it has shown a remarkable economic growth of 

7.3% since 2009. However, the effect of this growth has not been translated to an 

increase in welfare of the people for two main reasons. First, the high growth rate 

realised at the national level has not trickled down to the lower classes due to the 

inequality in the distribution of economic growth. In fact, as the growth outcomes are 

mainly enjoyed by the upper class, the gap between the income share of the highest 

20% and the lowest 20% has widened over the years (World Bank, 2014).  

Secondly, economic growth has not been translated to welfare gain due to a large 

increase in the cost of living in the country. As evident from the Central Bank statistics, 

the cost of living has increased at a higher rate than the income per capita has. For 

example, household income in 2012 was 17 times higher than in 1986/87, whilst 

                                                           
12This is equal to USD 362 in 2012. 
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household expenditure was 19 times higher than in 1986/87 (Central Bank of Sri Lanka, 

2014). Thus, it is apparent that even though income has increased over the years, the 

purchasing power of people has not increased. In fact, the purchasing power of people 

has decreased with time, especially after the episodes of food price increases in 

2007/2008.  

According to the national poverty reference line of Rs. 3781, 6.7% of the Sri Lankan 

population was poor in 2012/2013, but according to the World Bank reference level of 

$2 per day criterion, 23% of the Sri Lankan population was poor in 2012/2013 (World 

Bank, 2013). Despite their disagreement over how many are poor, both these sources 

signal that a significant proportion of the population is unable to meet their basic needs 

with their income level. Especially in the estate sector, nearly one out of ten people 

struggle to meet their basic food and other needs (Table 4.5). According to poverty 

mapping, poverty was especially severe in rural districts such as Badulla, Moneragala, 

Rathnapura and Hambanthota, as well as in small pockets of urban districts such as 

Colombo and Gampaha (Amarasinghe et al., 2005).  

Table 4.5: Sectoral breakdown of poverty head count ratio (%) 

 1990/91 1995/96 2002 2006/07 2009/10 2012/2013 

National 26.1 28.8 22.7 15.2 8.9 6.7 

Urban  16.3 14.0 7.9 6.7 5.3 2.1 

Rural  20.5 30.9 24.7 15.7 9.4 7.6 

Estate 29.5 38.4 30.0 32.0 11.4 10.9 

Source: Department of Census and Statistics Sri Lanka (2011c); Department of Census and 

Statistics (2013a) 

Agricultural workers are the poorest segment in the society. For example, in some rural 

districts where a higher incidence of poverty has been recorded, more than half of the 
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population relies on agriculture for their living.13In line with this connection between 

poverty and agricultural works, there is a close relationship between agricultural 

workers and food insecurity as well, where children coming from agricultural 

households tend to show a greater probability of becoming stunted (Jayatissa et al., 

2013). Agricultural workers historically comprise a large proportion of the poor 

(Edirisinghe, 1987). The income derived from agriculture is low in developing countries 

due to the structural weaknesses factors in the agrarian economy, such as the ownership 

and cultivation of small sized holdings, the low productivity, the ineffective extension 

services, the inadequate institutional credit, and the inefficient marketing systems for 

food crops (Sanderatne, 2004; Ahlström et al., 2011). Furthermore, as indicated in 

Table 4.6, agricultural labourers receive a lower wage compared with that received by 

workers in most of the other occupations in the country. 

Table 4.6: Wage index 2006 

Occupation Public Formal Informal 

 Male  Female Male  Female Male  Female 

Managerial 100 62 114 81 50 .. 

Professional 83 77 91 68 57 48 

Technical 60 58 55 43 46 21 

Clerical 54 50 43 39 28 30 

Service 45 39 34 26 23 30 

Agriculture 23 19 24 19 25 15 

Production 51 37 34 23 28 16 

Elementary* 31 20 22 17 22 15 
Note: The wage of the male managerial worker in the public sector in 2006 has been equal to 100 in 

calculating this wage index.*Elementary occupations consist of simple and routine tasks which mainly 

require the use of hand-held tools and often some physical effort. 

Source: Ministry of Labour Relations and Manpower et al. (2009) 

Considering the general prices of goods and services, national statistics indicate that 

inflation has decreased in the country; however, as shown by the Domestic Food Price 

Level index (DFPL) calculated by the FAO, food prices in Sri Lanka has increased over 

                                                           
13 Nuwara-Eliya: 67.4%, Mullativu: 55.4%, Anuradhapura: 54.1%, Polonnaruwa: 52.6%, Baddulla: 58.7 

and Moneragala: 57.0%.   
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the years in relation to the prices of all the other goods.14More precisely, food prices in 

Sri Lanka began to surpass the regional average from 2002, after having been low for a 

considerably long period of time. Comparison of the value of the DFPL in Sri Lanka 

with the other developing countries’ values, it is obvious that the value of the index for 

Sri Lanka is higher, not only for the developing region average, but also the South 

Asian average (Figure 4.6).  

 

Figure 4-6: Movement of the Domestic Food Price Level Index 

Source: Based on data from FAO (2012) 

 

Food prices are higher in Sri Lanka for many reasons. Prices of imported goods are high 

due to high tariff rates on food items. Similar to many developing countries in south 

Asia, Sri Lanka also imposes import barriers in order to protect local food producers 

from import. However, in addition to standard custom duties, Sri Lanka at the moment 

adopts a very complex import tariff schedule which includes nine import taxes in order 

                                                           
14The DFPL index for a country is calculated by dividing the Food Purchasing Power Parity (FPPP) by 

the General PPP. Hence, the index provides an idea of how high food prices in the country are relative to 

the price of the generic consumption basket. 
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to generate a government revenue (Pursell & Ahsan, 2011; Athukorala, 2012). The tariff 

structure also includes para-tariff. As a consequence of these protectionist policies, Sri 

Lanka has the highest Most Favoured Nations (MFN) applied tariff levels, next to India 

in South Asia for most of the food products (Table 4.7), leading to high import prices of 

food products.  

Table 4.7: MFN average applied duties in South Asian countries, 2011 

Product 

Category 

Sri Lanka India Nepal Pakistan Bangladesh Maldives 

Animal products 28.4 31.1 10.6 14.1 20.7 21.3 

Dairy products 26.9 33.5 15.5 27.4 24.0 10.0 

Fruit, vegetables 

and plants 

25.3 31.0 11.4 16.1 20.1 16.5 

Coffee and tea 29.8 56.3 23.3 12.8 21.8 16.5 

Cereal and 

preparation 

24.2 31.3 13.8 15.7 14.5 14.9 

Oil seeds, fats and 

oils 

24.6 37.4 9.7 8.6 10.6 14.1 

Sugar and 

confectionary  

16.9 35.9 14.4 17.1 18.8 13.1 

Beverages and 

tobacco  

65.9 69.1 47.5 48.9 25.0 32.9 

Fish and fish 

products 

14.7 29.9 10.6 10.7 23.3 16.3 

Source: World Trade Organization (WTO) (2013) 

On the other hand, prices of locally grown food items are high due to high cost of 

production, and inefficiency in the food marketing system, where there is a high 

transaction costs due to poor infrastructure facilities, information search costs, and the 

large number of intermediaries in the supply chain (Stamm et al., 2006; De Silva & 

Ratnadiwakara, 2008). With respect to the usage of ICT tools in agricultural marketing, 

even though ICT tools such as electronic mail (email), teletext, fax, Decision Support 

Systems (DSS) and the World Wide Web (WWW) are widely used in Sri Lanka, their 

use in agricultural markets are limited, due to the access, costs and lack of technical 

knowledge to use ICT and the lack of trust (Jayathilake et al, 2010). Even the tools that 

used in agricultural marketing such as mobile phones, television, CD and DVDs, 

printing materials, are used only in obtaining data mainly on pest and disease control 
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and agro chemical usage. Only very few people use it to obtain market data (Malsha et 

al, 2011). 

Since market inefficiencies also contribute to higher prices in the food market, the next 

few paragraphs provides a brief description of the food market efficiency in the country.  

Efficiency in the food marketing system determines food availability and food prices in 

local markets in many ways. As the available statistics suggest about 16% to 40% of 

vegetables, and 30% to 40% of fruits produced in the country are wasted as post-harvest 

losses during the marketing process (Fernando, 2006). However, some argue that 

calculations of these post-harvest losses are inaccurate and thus the actual wastage is 

much below the recorded figure (Rupasena, 2002b). In spite of this argument on the 

correct figure, it is generally agreed that there is a considerably high wastage of food in 

the country, resulting in less availability and high prices of food. The lack of proper 

storing technologies, improper harvesting technologies, lack of good infrastructure and 

transportation, improper packaging and transport, and a large number of turning points 

in the marketing system add to this result (Cyril, 2006). However, apart from these 

technical reasons, low prices prevailing in the wholesale market during the harvesting 

season suggests another reason why a considerable amount of food produced in the 

country is wasted. In particular, as reported by media, farmers discard harvest or allow 

their product to rot in the field instead of making it available for consumption, when the 

prices go down to very low level during the harvesting season(Berenger, 2013; 

Wickramasekera & Hettiaarachchi, 2013). 

Another inefficiency observed in the Sri Lankan food market is the lack of connectivity 

between markets. Wickramasinghe (2009) noted that the lack of integration between 

food markets is also one of the reasons for the high prevalence of food insecurity in the 

country. In some instances, even though markets are found to be integrated, the price 
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transmission process between the markets is not as good as expected. For example, 

whilst spatial rice and milk markets are found to be spatially integrated in Sri Lanka 

(Jayasinghe-Mudalige, 2010; Thamiem et al., 2010; Walisinghe et al., 2011),the price 

transmission between milk markets and price transmission between farm-gate and 

wholesale markets has been found to be low(Rafeek & Samaratunga, 2000; Thamiem et 

al., 2010). The end result of inefficiencies in price transmission and lower degree of 

market integration is uncoordinated production and consumption which ultimately lead 

to wastage of resources and high prevalence of food insecurity.  

Apart from these main aspects, there are some new threats to achieve food security in 

Sri Lanka: Climate change and the spread of Chronic Kidney Disease (CKD) among 

farming community. Especially, the effect of the prevalence of CKD on food security is 

high among farming communities (Athuraliya, et al, 2011). The threat is severe as most 

of the victims are young male farmers and hence possibly could lead to both reduction 

in agricultural production and economic access to food by these communities 

(Nanayakkara et al, 2011). 

This discussion of the determinants of the prevalence of food insecurity in the country 

suggests that limited economic access geared by low income levels and high food prices 

is the main causal factor of food insecurity in the country. In order to examine the 

degree of influence that economic access to food has on food security in the country, 

and particularly the degree of influence of prices on food security, a small empirical 

study was undertaken for this chapter and details and results of it are now outlined. 

4.4 PRELIMINARY ANALYSIS 

In order to assess the sensitivity of individual consumer to food price changes and, in 

turn, the sensitivity of food insecurity to food price changes in the country as a whole, 

this empirical analysis has estimated the change in the percentage undernourishment 
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rate to the food price hike which occurred in 2008–2009.15 The methodology, the 

analytical model developed and used for this purpose, is explained in sub-section 4.4.1; 

the empirical results derived from the model are presented in sub-section 4.4.2.  

4.4.1 ANALYTICAL FRAMEWORK 

To assess the impact of high prices on food security, the analysis selected a 

representative individual who consumed two goods at a time t, namely food and non-

food items from the calorie distribution. The utility of this individual at time t was given 

by the following Stone-Geary form of the utility function.   

)log()1()log( ttttt BAU  
      

(4.1)  

where tU is the utility derived from consuming both goods, At is the consumption of 

food and B tis the consumption of non-food and t  and t  respectively denote the 

subsistence level consumption of food and non-food at time t. The term γ indicates the 

preference parameter. 
 

The Stone-Geary utility function is very common in theoretical modelling literature 

because of its various properties (Gollin et al., 2002; Koskela et al., 2006). In particular, 

its ability to incorporate subsistence level consumption (part of the consumption which 

is inelastic to income and prices), has made the Stone-Geary specification popular in 

demand estimation of necessities like food and water.16 This analysis also used it mainly 

because of the impossibility of living with zero consumption levels of calories, even if a 

person’s income is zero.   

Suppose the representative individual is facing a budget constraint of (I) at time (t) and 

tries to maximize the utility subject to the budget (I).  

                                                           
15This study was published in the 19th issue of Applied Economic Letters: Korale-Gedara, P.M., Ratnasiri, 

S., Bandara, J., 2012. Soaring food prices and food security: Does the income effect matter? Applied 

Economics Letters 19, 1807-1811. The paper is attached in the Annex 2. 
16 See Martinez-Espineira and Nauges (2004); Meran and Von Hirschhausen (2009); García-Valiņas et al. 

(2010).  
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tbttatt BPAPI           (4.2) 

Solving the optimization with respect to the budget constraint will yield the Marshallian 

demand function for food, as shown in Equation 4.3.  

)( tbttatt

at

tt PPI
P

A 


         (4.3) 

Here, the analysis considered the calorie intake instead of taking the quantity of food 

consumed, as the intention of the analysis was to assess the impact of prices on calorie 

intake. Therefore price variable in the model denotes the price of a calorie. Prices and 

the income in the economy were allowed to change over time. To obtain the demand in 

a different period of time, the above demand function (Equation 4.3) was rewritten 

again for the same individual at the second time period (t+1), as below. 
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 (4.4) 

where )1( taP is the price of a calorie at time (t+1), )1( tI is the income at time (t+1), )1( tbP is 

the price of non-food at time (t+1),and 1tA gives the demand for calorie at time(t+1).Once 

Equation 4.3is subtracted from Equation 4.4 the difference in calorie consumption ( tA ) can 

be described as seen in the following equation.  
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where, ttt AAA  1 , tEnf denotes the expenditure on non-food items and is equal to 

tbtP  ,and the notation )1( tEnf  denotes ttbP )1(  . The variable ( tA ) can be deduced as 
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the change in calorie consumption between period t and period t+1.17 The first term in 

the right hand side of the equation shows the quantity of calories that can be purchased 

(lost) due to the incremental (declining) portion in real income. The second term 

measures the expenditure on non-food items. In fact, if an individual spends all the non-

food expenditure on food, the second term measures how much the calorie intake could 

be increased (or vice versa). After the analysis quantifies the change in calorie intake 

( tA ), the caloric distribution curve is used to estimate the percentage of the population 

falling above or below the threshold level of calorie intake that results from price and 

income shocks. Equation (4.5) allowed the analysis to suggest the following 

propositions.   

Proposition 1: 

Iff, 0 tA : The daily calorie intake of the representative individual has increased by 

tA from its initial level ( tA ). This implies that the calorie distribution of 

the entire population has now shifted to the right and the percentage of 

the population below the minimum calorie intake level has decreased. 

Iff, 0 tA : The daily calorie intake of the representative individual has decreased by 

tA from its initial level ( tA ) at time(t).This implies that the calorie 

distribution of the entire population has now shifted to the left and the 

percentage of the population below the minimum calorie intake level has 

increased. 

                                                           
17 Typically, if demand function can be expressed, as expenditure on food, rather than quantity of food as 

given inEquations4.3 and 4.4for two time periods, then Equation 4.5 can drive as difference of 

expenditure rather than food quantity. Thereafter, the expenditures can be converted into calories. Such an 

approach yields the same relationship as presented in equation (4.5).  
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Iff, 0 tA : The daily calorie intake of the representative individual has not changed 

over time. The calorie intake distribution of the population remains 

unchanged despite the economic shock. 

The analytical framework presented above has an interesting feature in terms of its 

ability to isolate the income effects and substitution effects of consumption of food 

items. For this purpose, the above relationship under the following three scenarios was 

estimated in this analysis.  

Scenario 1: prices of food have changed while non-food prices and income have 

remained unchanged ( )1( taP  )(taP ), ( tI = )1( tI ), ( btP = )1( tbP ). 

Scenario 2: both prices of food and non-food have changed while income has remained 

unchanged ( )1( taP  )(taP ), ( btP  )1( tbP ),( tI = )1( tI ). 

Scenario 3: prices of food and non-food items as well as the income of the individual 

have changed simultaneously ( )1( taP  )(taP ), ( btP  )1( tbP ),( tI  )1( tI ). 

4.4.2 EMPIRICAL ESTIMATION AND RESULTS 

In this section, the empirical implementation of the above model and the key results are 

discussed. The price variables Pat and Pat+1 are defined as the prices of a calorie at two 

time periods. To estimate this, a food basket that provides a known quantity of calories 

was considered.18 The price of a calorie was computed by dividing the cost of this food 

basket by its total calories for period (t). Then, to compute the price of a calorie ( )1( taP ) 

in period t+1, the cost of the same food basket was adjusted using the Colombo 

Consumer Price Index for food (CCPI). It was found that the price of a Kcal had 

                                                           
18HIES 2006/2007 provides the expenditure of an average individual’s food basket and the amount of 

calorie that food basket contains for that survey period.  
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increased from 0.13 SLRs to 0.15 SLRs over the two years under consideration (2007 to 

2009). 

The data for the income variable was obtained for the representative individual at two 

time periods tI and )1( tI . This figure is reported as 123.30 SLRs per day in 2007, and 

181.10 SLRs for 2009. The preference parameter (  ) was assumed to be equal to the 

food ratio (the share of food expenditure from the total expenditure) and this is 0.523 

for an average Sri Lankan individual for the year 2006/2007, as given by the HIES 

2007/2006.  

In estimating the subsistence level of non-food expenditure, )(tEnf , the analysis assumed 

that an average individual in the first income decile consumed only the subsistence level 

of non-food. The total non-food expenditure of the representative individual was 

therefore equal to the )(tEnf  at time (t).Data was obtained from the same data source. By 

adjusting the value at 2007 by the CCPI for non-food, the expenditure on subsistence 

level non-food items at the time period (t+1) was obtained. This approach assumed that 

the subsistence quantities of non-food consumption remained unchanged over the two 

time periods. The actual and adjusted values indicate that the non-food expenditure 

increased to 24.50 SLRs from 19.48SLRs over these two years. 

Finally, the threshold level of daily per capita calorie intake at time t+1 (denoted 

by 1tA ) was set to 2030 Kcal. This is the amount of calories an average Sri Lankan 

person needs to have for an active and healthy life, as recommended by the MRI of Sri 

Lanka. A person who is receiving a calorie intake which is exactly equal to this amount 

is considered to be a food secure-individual. The proportions of the population that do 

not receive this recommended level are interpreted as the percentage of undernourished 

population, and of course are food-insecure. By defining 1tA as 2030Kcal per day, the 
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analysis declared that with the changes that have occurred in purchasing power (price 

changes and income changes), the representative individual has become marginally food 

secure/insecure. As mentioned in proposition 1, the position of this person in the calorie 

distribution before the price and/or income shock is determined, based on the sign and 

the magnitude of the change in calorie intake ( tA ).   

The percentage change in the undernourished population associated with changes in 

price and income was estimated using the calorie distribution curve (Log-normal 

distribution).19 This distribution for the initial period of the analysis is calibrated using 

the data from the HIES survey 2006/7. According to the survey, the average per capita 

calorie intake (μ) in the model is set at 2118 Kcal per day. The percentage below the 

threshold level of calorie intake in Sri Lanka in 2007 has been estimated as 51% by the 

Department of Census and Statistics, Sri Lanka. Therefore, the analysis set the standard 

deviation (σ) of the distribution to 0.62 to be consistent with the percentage of 

undernourished population in 2007.  

Table 4.8 shows the results of the analysis. It demonstrates that the food insecurity 

(measured in terms of the percentage of the population undernourished) increases by 

20.9% and 22.5% respectively under two different scenarios. “Scenario I” considers an 

increase in food prices ceteris paribus and “Scenario II” considers on the income 

change ceteris paribus. In fact, the above results are associated with a 54.8% increase in 

food prices and a 25.9% increase in non-food prices, as observed during the period 2007 

and 2009. Result for the third scenario (all prices and income are allowed to change) 

indicates that an increase in per capita income by 57%, as observed over two years, has 

given rise to a significant increase in the purchasing power of households. As a result 

                                                           
19 The log-normal distribution curve implies that the log per capita calorie consumption of a population is 

normally distributed and the distribution is positively skewed with underlying mean and standard 

deviation. This is the most widely used distribution in estimating the prevalence of undernourishment in 

total population (%) and its validity has been tested and proved. 
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the negative impact on food consumption caused by the price hike has been almost 

offset by the positive income effect. Increase in the percentage of undernourished 

population is only 1.7% when the income effect is considered.   

Table 4.8: Estimation results of the empirical analysis 

 Reduction in daily per capita 

calorie consumption 

Change in prevalence of 

undernourishment (as a %) of 

total population 

Scenario I 

 

574.00 Kcal 20.90 

Scenario II  

 

625.00 Kcal 22.47 

Scenario III 
 

41.76 Kcal 1.70 

The analysis confirms that there is a significant impact of food price increase on food 

security of people when their incomes do not change on par with increase in food prices.  

4.5 CONCLUDING REMARKS 

This chapter briefly discussed the food insecurity situation in Sri Lanka and its root 

causes, paying special attention to issues in food availability and economic access to 

food. The chapter also undertook a small empirical study to assess the sensitivity of 

consumers to food prices.  

The discussion in the chapter revealed key important features about the nature of the 

food insecurity situation in the country. Specifically, it was revealed that although the 

incidence of poverty has significantly decreased over the last two decades, the progress 

in food insecurity alleviation remains stagnant. Furthermore, it was revealed that even 

though per capita income has increased over the last few years, it has not led to an 

increase in welfare. As the chapter suggested, this is mainly due to the increase in cost 

of living. Specifically, the increase in food prices relative to prices of other goods and 

services has eroded the purchasing power of people and in turn has limited the 

economic access to food. This significant effect of price increases on access to food was 

further reinforced by the empirical analysis taken in the chapter.  
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Since both food market integration and the presence of APT also affect food prices and 

food price transmission between consumers and agents in the supply chain, the next 

four chapters of the thesis aim to assess these issues and their possible effects on food 

consumption and, in turn, on the food security of people. 
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CHAPTER 5 MARKET INTEGRATION AND THE PRESENCE 

OF APT IN THE SRI LANKAN RICE MARKET 

 

5.1 INTRODUCTION 

In this chapter, the first of four empirical chapters, the focus is on assessing market 

integration and the presence of APT in the Sri Lankan rice market. The rice market was 

selected for the first analysis, because rice, the most important food commodity in the 

Sri Lankan diet, provides closer to half of the energy requirements of the people. 

The chapter organization is as follows: Section 5.2 explains the importance of rice in the 

Sri Lankan diet and in the economy, and then provides a snapshot of the Sri Lankan rice 

marketing system and a review of government involvement. Section 5.3 discusses the 

estimation procedure of the asymmetric TAR model to assess market integration and the 

presence of APT. Section 5.4 presents the empirical results of the chapter and Section 

5.5, the concluding observations.20 

5.2 BACKGROUND 

Rice is the main staple food and the most important single food item in the Sri Lankan 

diet. Annual per capita consumption of 110 kg of rice contributes to 45% of the daily 

calorie and 40% of the daily protein requirements of an average Sri Lankan 

(Department of Census and Statistics Sri Lanka, 2011b), the highest nutritional 

contribution from a single food commodity in the Sri Lankan diet. As evident by time 

series rice consumption data, rice has been the main staple of Sri Lankans for a long 

period of time and there is no indication in the near future of the same move to high 

value protein products, that has occurred in some Asian countries such as Japan, Taiwan 

                                                           
20 A paper based on this chapter was submitted to Applied Economics journal and received minor 

revisions from the reviewers.   
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and the Republic of Korea, where rice has become an inferior commodity with those 

countries’ economic growth (Ito et al., 1989; Abdullah et al., 2006). In fact, rice 

consumption in Sri Lanka was among the top 12 consumption levels in the world; in 

2009 it recorded the second highest rice consumption level in the South Asian region, 

after Bangladesh (International Rice Research Institute, 2013). 

Rice plays a significant role in the Sri Lankan economy as a whole, beyond its role in 

ensuring the nutritional security of consumers. For example, the paddy sector, which 

occupies 34% of the total cultivated area in Sri Lanka, has alone accounted for 1.5% of 

the national GDP (Central Bank, 2011; Department of Agriculture Sri Lanka, 2013)and 

15.67%of the Agriculture, Forestry and Fishing sector income in 2011 (Ministry of 

Finance and Planning Sri Lanka, 2011). Rice also provides a livelihood for many people 

(Athukorala & Kelegama, 1998). For example, paddy farming itself provides a direct 

livelihood for 1.8 million farmers (Weerahewa et al., 2010), while the rice marketing 

system creates substantial indirect employment to both rural and urban populations 

engaging in secondary activities associated with rice processing and marketing. 

Paddy is produced in the country by a large number of small scale farmers, of whom a 

majority each own less than 0.4 ha of land (De Silva et al., 2007). However, in spite of 

their small land holding size, small scale producers contribute to approximately 70% of 

the paddy production in the country (De Silva et al., 2007), equal to 4.5 million Mt for 

the year 2013 (Department of Census and Statistics Sri Lanka, 2013a). In terms of the 

geographical dispersion of the production, even though almost all the districts produce 

paddy, only 11 out of 25 paddy cultivating districts produced a marketable surplus 

(Figure 5.1). 
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Note: different colours in the key to the graph correspond to the amount of surplus in 2010 

Figure 5-1: Paddy producing districts with surplus of stock in 2010 

Source: based on the statistics from  Department of Census and Statistics Sri Lanka 

(2014).21 

                                                           
21 Areas which produce surplus of harvest are Ratnapura+ Uda walawe, Kurunegala, Matale, Monaragala, 

Mannar, Anuradhapura+Mahaweli ‘H’, Polonnaruwa, Trincomalee, Batticaloa, Ampara and Hambantota. 
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As shown in Figure 5.1Error! Reference source not found., most of the Western and 

the Central province districts are not self-sufficient in rice and hence, to ensure the food 

security of residents in those areas, it is of paramount importance that markets are both 

spatially and vertically integrated and distribution is efficient and effective.   

A large numbers of studies  reveal that paddy production is fairly efficient in the 

country with respect to the use of production resources (Abeysekera, 1980; Herath, 

1983; Ekayanake, 1987; Gunaratne & Thiruchelvam, 2002; Shantha et al., 2012). 

However, paddy/rice marketing was not found to be as efficient as production. 

Gunawardana and Oczkowski (1992) indicated that concessional sales of rice under the 

rice ration scheme (1940–1976) had caused a decline in the area under paddy 

production, even though the program had improved the food security of people during 

the 1960s and 1970s (Gavan & Chandrasekera, 1979). Further, Ellis et al. (1997) 

indicated that rice price variation across months was considerably high during the 

period of 1990–1995. 

A review of the previous studies on market integration between spatially and vertically 

separated rice markets suggests that markets were fairly integrated (Rafeek et al., 2003; 

Jayasinghe-Mudalige, 2010; Walisinghe et al., 2011). Although, the objective of this 

study is also to explore the vertical market integration between wholesale and retail rice 

markets, it differs from the previous studies in two ways. First, the study uses the 

Enders and Siklos’s asymmetric TAR model for the first time to assess market 

integration in the rice market in Sri Lanka. Secondly, in addition to evaluating market 

integration, the study also assesses the presence of APT in the rice marketing system. 

Since, having a prior knowledge on the structure and the organization of the marketing 

system eases the understanding and the interpretation of the results of the analysis, the 

next section provides a snap shot of the Sri Lankan rice market.  
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5.2.1 PADDY /RICE MARKETING CHANNELS 

The Sri Lankan paddy/rice market is dominated by the private sector. However, there is 

considerable government involvement in both paddy production and paddy/rice 

marketing in Sri Lanka. The most important interventions to increase the paddy 

production made over the years include provision of credit and subsidies to agricultural 

inputs such as fertilizer, agro-chemicals, seeds of high-yielding rice varieties, 

introduction of agricultural loan schemes with low interest rates, and development of 

extensive irrigation projects and land settlement programs (Gunawardana & Oczkowski, 

1992; Athukorala & Jayasuriya, 1994; Rajapaksa & Karunagoda, 2009). Successive 

governments interventions in rice marketing have been in paddy procurement, storing 

and milling of paddy and distribution of rice in the country (Ellis et al., 1997). 

Moreover, apart from undertaking these market functions, the government is involved in 

price setting from time to time since 1940; one well-known example is the rice ration 

scheme of 1940-1978 (see Annex 1). Under this scheme, rice was distributed through 

government channels to consumers at a subsidised price or free of charge (Gunawardana 

& Oczkowski, 1992; Athukorala & Jayasuriya, 1994; Ellis et al., 1997; Gunawardana, 

2000; Weerahewa, 2004). More regular interventions of this type are the imposition of a 

guaranteed price for farm-gate market and a ceiling for retail prices in order to protect 

farmers and consumers.  

Although the degree of government intervention in the rice marketing system was 

reduced with the liberalization of the economy in the late 1970s (Gunawardana & 

Oczkowski, 1992; Weerahewa, 2004; Bandara & Jayasuriya, 2007), some of these 

interventions were reinstituted after the 2007/2008 episodes of food crisis (Parakrama et 

al., 2012). In particular, the imposition of a ceiling price was made often after the 

2007/2008 food price hike. However, despite the frequent usage of ceiling price, there is 

little or no evidence regarding the method of determining the ceiling price (Dayaratna-
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Banda et al., 2008). Furthermore, the ceiling price imposed by the Ministry of Trade 

and Consumer Affairs is occasionally above the average open market price, although 

theoretically, it is assumed to be equal to the average open market price of the previous 

weeks.  

To begin the discussion of the paddy marketing structure in Sri Lanka and the role of 

the private and public sector in distributing paddy/rice to consumers, Figure 5.2 

illustrates the current marketing channels of rice. As shown in the figure, the first agent 

in the marketing system is the farmer. As the majority of Sri Lankan paddy farmers are 

small-scale farmers facing various financial and marketing constraints, most of these 

small-scale farmers are forced to sell their product to paddy collecting agents at a lower 

price immediately after the harvest, even though paddy can be stored for hoarding. 

Paddy collecting agents who purchase paddy from farmers comprise rice millers, private 

collecting agents/assemblers or the government institute, the Paddy Marketing Board 

(PMB). In areas where PMB does not operate, Agrarian Service Centres (ASCs), and 

the Multipurpose Cooperative Societies (MPCS) perform as dealers of PMB in 

purchasing paddy for the public sector (Paddy Marketing Board, 2010; Meissner & 

USAID/OFDA, 2011) . 
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Source: literature on the rice marketing system in Sri Lanka (diagram by researcher) 

From its beginning in 1971 to 1975, the PMB was the sole purchaser of paddy from 

farmers, with procurement share of almost 100% (Gunawardana & Somaratne, 2000). 

However, since the private sector was allowed to compete with the PMB, the share of 

Figure 5-2 Rice marketing system in Sri Lanka 
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the PMB decreased drastically, leading the private sector to dominate the market. The 

public share further declined after the temporary termination of PMB in 1997, even 

though the Cooperate Wholesale Establishment (CWE) had taken over the purchase of 

paddy from farmers at the guaranteed price. Although the PMB has begun operation 

since 2008, this situation has not been reversed and the maximum share ever recorded 

by the PMB after its reinstatement was only 7.3% (Table 5.1). 

Table 5.1: Procurement of paddy by the PMB as a percentage of total paddy production 

(Mt), 1990 to 2010 

Year 1990 1991 1992 1993 1994 1995 1996 1997-

2007 

2008 2009 2010 2011 

% 1.2 1.8 0.3 1.8 4.4 10.0 0.05 No 

PMB 

1.9 3.7 6.9 7.3 

Source:Kelegama (2003b); Department of Census and Statistics (2013b) 

However, despite its dominant role in the marketing rice, the private sector is not 

allowed to determine the price of paddy. This is because, at the beginning of each 

harvesting season, the PMB declares a minimum guaranteed price (floor price) for 

paddy to protect farmers from being exploited through lower pricing for their products.  

The second step of the paddy marketing channel is selling paddy to rice millers, as 

shown in Figure 5.2. According to the Paddy Milling Survey-2006, approximately 1730 

mills are operating in the country, most are owned by the private sector; only around 30 

rice mills are owned by the cooperative societies (CWE) or the public sector. As shown 

in Table 5.2, only a small percentage of all these mills operate at a capacity greater than 

8000 Mt per week, while the majority operate with a milling capacity of less than 2500 

Mt per week.  
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Table 5.2: Categorization of rice mills in Sri Lanka based on milling capacity 

Category Milling capacity (Mt per 

week) 

Percentage of mills 

1 <1000 49.74 

2 1000-2499 

 

18.11 

3 2500-4999  

 

12.01 

4 5000-7999  

 

7.87 

5 >8000 

 

12.27 

Source:Hathurusinghe (2007) 

The capacity of most of the state owned mills (CWE mills) is on average 300 Mt per 

week and hence, the government very often obtains the assistance of private sector 

millers in order to mill paddy purchased by state institutions (Paddy Marketing Board, 

2010; Samarathunga et al., 2012). In particular, 300 government registered small-scale 

millers are involved in milling paddy purchased by government institutions (Ministry of 

Finance and Planning Sri Lanka, 2011). As shown in Figure 5.2, milled rice is marketed 

via various channels after the completion of the milling process. In particular, rice 

milled in government-owned mills is channelled through the CWE sales centres and 

through Cooperate retail stores. The most common marketing channel of rice milled in 

small-scale and large-scale mills comprises of small scale rice millers, wholesalers, and 

retailers. In this channel, milled rice is delivered to established wholesale markets and to 

individual wholesalers, and from there it is sold to retailers (Adhikarinayaka, 2005; De 

Silva & Yamao, 2009). Subsequently retailers sell rice to consumers. Another 

straightforward channel has developed, with the establishment of large-scale millers, 

where milled rice is sold directly to individual wholesalers and retailers, bypassing the 

established wholesale markets. Some of these large-scale millers have even established 

their own retail outlets, selling rice directly to consumers (Liyanapathirana, 2006). Due 

to the availability of the large volume of resources these millers have, and the political 
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connections they possess, there is a widely held view that these large scale millers 

manipulate the rice market in Sri Lanka (Rupasena, 2002a; Adhikarinayaka, 2005). 

Because of this dominance of the rice milling market, these millers are sometimes 

labelled as members of a “rice mafia” in the media (The Island, 2008; Ariyarathne, 

2014).  

Having discussed the rice marketing channels the next section of the chapter discusses 

the usage of data and the estimation procedure of the Enders and Siklos’s asymmetric 

TAR model in assessing market integration and the presence of APT in the rice 

marketing system. 

5.3 ESTIMATION PROCEDURE 

In order to assess market integration and the presence of APT in the rice market, the 

price transmission process between the main wholesale and retail markets were 

analysed. Price data on the Colombo wholesale and Colombo retail market for the rice 

variety ‘Nadu’ were obtained from the Hector Kobbekaduwa Agrarian Research Centre, 

Colombo, for the period January 2006 to July 2011.Naduis one of the main rice 

varieties consumed by Sri Lankans, with a per capita monthly consumption of around 

3.3kgin 2012/2013. 

The asymmetric TAR model is used in this analysis to assess market integration and the 

presence of APT in the price transmission process between the markets.  

The model is estimated in four steps. First, the stationarity of the price series is checked. 

Stationary price series implies that their mean and variance are constant over time. 

Detecting the presence of the unit root in a price series is highly recommended for time-

series data, because econometric methods which explicitly assume prices to be 

stationary might give false results when estimated with non-stationary data series 

(Wang & Tomek, 2007). The Augmented Dicky Fuller (ADF) test was the most widely 
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used method of detecting the presence of unit root in price series. The specification of 

the ADF test is shown in Equation 5.1.  

titit pp   1          (5.1) 

Here,   resembles the first difference operator, and itp  denotes the variable of interest. 

In this analysis it is either the price in the wholesale market or the price in the retail 

market. The subscript t is the time subscript, and   is the coefficient. t  is the white 

noise process. In the ADF test, the null hypothesis of non-stationarity )1:( 0 H is 

checked against the alternative hypothesis of stationarity )0:( 0 H , and if  =1, it is 

concluded that the unit root presents in the series and hence the variable is non-

stationary.  

If the two price series are found to be stationary in the same order, then the Granger 

causality test is performed to identify the direction of the price movement between the 

two markets. Estimating the direction of the causality between the two price series is not 

mandatory in estimating the TAR model. However, having an understanding of the 

direction of the price change movement between markets will help to understand the 

empirical results.  

The Granger causality test is based on two principles. First, the ‘cause’ occurs before 

the ‘effect’. Second, causal series contain special information about the series being 

caused that is not available in the other available series (Granger, 1988). In simple 

terms, the Granger causality test implies that one variable (variable X) ‘granger causes’ 

the other variable (variable Y), if Y can be explained better using the history of both X 

and Y than it can be done using the history of Y only. For this analysis, the Granger 

causality between the two price series can be checked using Equations 5.2 and 5.3: 
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Here, the terms, 0 , 1 and 2 denote parameters, while itP  and jtP  respectively denote 

the prices in the 
thi  market and the prices in the 

thj  market. Terms k  and n  

respectively denote lagged terms. The rejection of the null-hypothesis of 01   

suggests that there is a causal relationship between the two price series.  

Once the direction of the price change movement is identified, thirdly prices in the two 

markets are regressed and obtain the residual of the regression analysis. Then using the 

Heaviside function, the previous term residuals (error terms) are divided into two and 

create two dummy variables. Fourthly, the asymmetric TAR model defined in Equation 

3.16 in Chapter 3 is estimated to obtain the adjustment speeds.   

5.4 EMPIRICAL RESULTS 

The test statistics of the ADF test performed on both variables, wholesale price ( wtP ) and 

retail price ( rtP ), are reported in Table 5.3. Both prices are non-stationary in their levels 

but are stationary after taking the first difference.   
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Table 5.3: ADF unit root test results 

 Level First difference 

 None Intercept Intercept 

and trend 

None Intercept Intercept 

and trend 

Wholesale 

price 

 0.832 

(0.89) 

-0.831 

(0.81) 

-0.737 

( 0.97) 

-8.060*** 

( 0.00) 

-8.127*** 

(0.00) 

-8.121*** 

(0.00) 

Retail price  1.335 

( 0.95) 

-0.674 

(0.85) 

-0.580 

(0.98) 

-15.049*** 

(0.00) 

-15.169*** 

(0.00) 

-15.148*** 

(0.00) 

Notes:***denotes significance at the 1% level. Standard deviations are given within brackets.  

After performing the ADF test, the study investigated the direction of the price 

movement between the two markets using the pair-wise Granger causality test. The 

results suggest that there is a unidirectional price linkage between these two markets: 

from wholesale to retail (Table 5.4).22 Note that the Granger causality test does not 

imply a causal relationship between the two price series. The test indicates that 

wholesale price changes precede retail price changes.   

Table 5.4: The Granger causality test statistics 

Null hypothesis Chi-square value p-value 

rtP  does not granger causes wtP  0.027 0.868 

wtP does not granger causes rtP  45.292*** 0.000 

Note:***denotes significance at the 1% level  

Once the direction of the price signal movement was confirmed, the Engle-Granger 

cointegration test was executed to examine whether the markets are integrated in the 

long run. If both variables are stationary in the same order d, and the residual of the 

regression is stationary at their level form, I(0), the two variables can be considered to 

                                                           
22Usually, the Granger causality test is performed on stationary time-series variables. Thus, in performing 

the Granger causality test for this data set we first convert the data into first deference and then perform 

the test. Alternatively, we could have estimated a Vector Auto Regressive model and then executed the 

Granger-causality test. Both methods yield the same results. 
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be cointegrated. To test this, retail prices were regressed on wholesale prices of rice. 

The residual of the regression was then checked for the presence of the unit root. The 

ADF test statistics presented in Table 5.5 correspond to this unit root test, provide 

evidence for the stationarity of the residuals, suggesting that the markets are integrated 

in the long run. 

Table 5.5: Engle-Granger cointegration test statistics 

Estimated equation twtrt PP   10  

 

 
0  1  

ADF statistics b 2R  

rtP  
4.990*** 

(9.70) 

1.020*** 

(102.15) 

-7.1980*** 0.975 

Note:***denotes significance at the 1% level and t-statistics are given within brackets. 

b The critical value for ADF test statistics at the 1% significance level is 3.995 (n= 266). 

 

 

Cointegration between wholesale and retail markets implies that these two price series 

are in equilibrium and hence do not drift apart from each other in the long run. 

However, cointegration does not deny short-run dynamics of the two price series. As 

Engle and Granger (1987) suggested, even though cointegrated variables can drift apart 

from each other in the short run, an error correction mechanism ensures that the long-

run equilibrium is again restored. These short-run dynamics of the integrated variable 

and the follow-up error correction mechanism can be investigated using an Error 

Correction Model (ECM). The statistically significant error correction term in an ECM 

gives the rate at which the long-run equilibrium is restored after a short-run deviation. 

The choice of the appropriate lag length of the ECM is decided based on the Akaike 

Information Criterion (AIC) and the Schwarz Criterion (SC). The lower the value of 

AIC and SC, the better the model fit. The test statistics of the selected estimated ECM 

are presented in Table 5.6.   
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Table 5.6: Estimation results of the Error Correction model (Dependent variable: rtP ) 

Variable Coefficients 

1t  
-0.192* 

(-3.73) 

wtP (-1) 0.54** 

(6.44) 

rtP (-1) 
-0.149* 

(-2.29) 

 

Constant 0.181 

(1.61) 

AIC 7.2168 

BIC  7.3640 
Notes: * denotes significance at the 5%. t-statistics are given within brackets.   

Here, 1t is the error correction term. The terms
w

tP (-1) and
r

tP (-1) respectively 

denote the first lag of the wholesale and retail price changes. The statistically significant 

negative error correction term in Table 5.6 implies that any short-term deviations of the 

two variables are driven back to their long-run equilibrium at an adjustment speed of 

0.192. Given that the study used weekly data, this suggests that after a shock it takes 

nearly five and a half weeks or approximately one and a half months to restore the long-

run equilibrium. The statistically significant coefficients for the first lagged differences 

in both wholesale and retail prices in the ECM suggest the short-run dynamics of the 

system. This indicates that a change in the previous period’s wholesale price and a 

change in the previous period retail price both significantly affect the current changes in 

the retail price.  

A general ECM assumes a linear relationship between two variables. Thus the model 

presumes that there is no asymmetry in the price transmission process; both price 

increases and decreases in the wholesale market are transmitted to the retail market 

within one and a half months. However, if the price transmission process is asymmetric, 

this result is not accurate. In view of this, the TAR and M-TAR models are estimated 

for this analysis. Again, the model with the most appropriate lag length is selected, 
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based on the values of the AIC and SC. According to these selection criteria, the best 

fitted TAR and M-TAR models are both augmented with one lag change (Table 5.7). 

Although both estimated models show more or less similar results, the M-TAR model 

outperforms the TAR model according to the selection criteria (AIC and SC). Table 5.7 

reports the estimation results of this M-TAR model to draw conclusions regarding 

market integration and the presence of APT in the Sri Lankan rice market.  

Table 5.7: Estimation results of the TAR models (Dependent variable: 1 t ) 

Variable TAR M-TAR 


1t  -0.311*** 

(-5.289) 

-0.157** 

(-2.14) 


1t  -0.394*** 

(-4.836) 

-0.475*** 

(-6.68) 

D 1t  .. -0.104 

(-1.60) 

AIC 4.0119 3.9891 

SC 4.0400 4.0333 

D-W statistics 2.131 2.112 

Ljung-Box Q statistics 38.828 

(0.343) 

35.491 

(0.493) 

Number of observations 250 235 

F Statistics (null 021   )a 
25.68*** 23.54*** 

F Statistics (null 21   ) 
0.686 23.54*** 

Notes:*** denotes significance at the 1% level, and ** denotes significance at the 5% level. t-statistics are 

given within brackets.  

a The critical  values provided by Enders and Skilos are used to test the significance. These values are 

4.92, 5.87 and 8.04 for the TAR model, and 5.36, 6.38 and 8.62 for the M-TAR model at the 10%, 5% 

and 1% significance level respectively (n=250).  

In the M-TAR model two separate adjustment speeds are calculated for price increases 

and decreases in the wholesale market. The estimates of the adjustment speeds (see 

Table 5.7) are negative: ( 1 =-0.157, 2 =-0.475), and (1+ 1 ) (1+ 2 ) <1. These 

significant negative coefficients suggest that prices converge to the equilibrium after a 

shock to the wholesale market price, which induced the prices to move away from their 

equilibrium. Then, an F test was carried out to test whether the adjustment speeds were 

significantly different from zero (see Table 5.7). The F statistic value of the test, 23.54, 
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is above the critical   value of 8.62 at the 1% significance level. Thus, the null 

hypothesis that 021    is rejected; the two price series are concluded to be 

integrated, indicating that price changes are transmitted between the markets and that 

the price in the retail markets adjusts in response to changes in the price in the 

wholesale market. 

Once the markets were found to be integrated, a symmetric adjustment hypothesis, 

( 21   ) was tested using the Wald F test (see Table 5.7). The Wald F statistics 

rejected the null hypothesis of symmetry, suggesting that the price transmission process 

between the wholesale and retail rice markets is asymmetric. More precisely, the 

wholesale market price decrease and increase are found to be exerting different impacts 

on the retail price. In this regard, the higher magnitude of 2 , compared to 1 , 

indicates that negative price deviations (squeeze of market margin) are adjusted more 

quickly than for the positive price deviations (expansion of market margin). In line with 

the direction of the price movement (from wholesale to retail), the squeeze of market 

margin reflects the wholesale price increases while the expansion of market margin 

reflects the wholesale price decreases. Thus, a higher value of 2  compared to 1  

suggests that wholesale price increases are passed down to the retail level at a faster rate 

than the wholesale price decreases move. This suggests that the marketing system is 

more rigid in passing price reductions at the wholesale market on to the consumer.  

Once the M-TAR model was estimated for the whole period covered in the analysis, a 

parameter stability test was carried to check for any structural breaks, as the study 

period was long enough to have non-constant parameters (see Table 5.8). The use of a 

parameter stability test is further motivated by the fact that several forms of government 

interventions in the rice market have occurred during the study period. For example, 

after 2007 prices of food started to rise above the long-term average all over the world: 
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in turn, the Sri Lankan government was involved in price regulatory activities during 

the study period. To investigate structural breaks, the Quandt-Andrews breakpoint test 

first developed byQuandt (1960); improved by Andrews (1993), and Andrews and 

Ploberger (1994)), was applied to test the null hypothesis of no structural breaks. The 

three test statistics, Maximum likelihood (LR) ratio, Exponential LR ratio and Average 

LR ratio; all test the same null hypothesis of no structural break. According to Table 

5.8, all three statistics reject the null hypothesis, providing evidence for the presence of 

one or more structural breaks.23 To identify the exact timing of such structural breaks, 

the study conducted the Chow break point test on a trial and error basis, with the help of 

prior knowledge and the results of the Bai-Perron test.  

Table 5.8: The Quandt-Andrews breakpoint test statistics 

Statistic Value p-value 

Max. LR F-stat 5.047935 0.0911 

Max. Wald F-stat 10.09587 0.0911 

Exp LR F-stat 1.386462 0.0785 

Exp Wald F-stat 2.990856 0.0624 

Ave LR F-stat 2.525114 0.0361 

Ave Wald F-Stat 5.050228 0.0361 

 

The results of the Chow test suggest that there are two structural breaks in the dataset: at 

the end of 2007 and at the beginning of 2010. Both these time periods coincide with the 

observed price hikes in the Sri Lankan rice market (see Figure 5.3). 

 

 

 

                                                           
23The Bai-Perron test is another test for detecting structural breaks. This test provides the exact point of 

time where the structural breaks exist. However, in this study this test is not applicable for the M-TAR 

model due to singularity in the model. Nevertheless, the analysis performed the Bai-Perron test for the 

linear model (Equation 3.19) and confirmed that there are two structural breaks in the dataset: one at the 

end of 2007, the second in mid-2010. 
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Figure 5-3: Retail and wholesale price movement from 2006 to 2011 

Source :based on data from Department of Census and Statistics (2012) 

 

Since the Chow test confirmed the location of structural breaks, the data set was 

subdivided into three discrete periods and ran the TAR models separately for these three 

sub-samples: data from January 2006 to December 2007(Period I), data from January 

2008 to February 2010 (Period II), and data from March 2010 to July 2011(Period III). 

By taking this approach, the analysis was able to consider three periods separately. The 

results of these separate analyses are reported in Table 5.9. 

 As shown in Table 5.9, the adjustment speed for price increases in the wholesale 

market was higher than the adjustment speed for price decreases in the wholesale 

market in all periods except Period I. However, the difference between the adjustment 

speeds are statistically significant for only Period III (estimated F value is above the 

critical  value of 9.3). During Period III, the adjustment speeds for negative price 

deviations ( 2 ) were higher than the adjustment speeds for positive price deviations 
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( 1 ). These results agree with the results derived from the M-TAR model for the whole 

sample period; however, there is little difference between the magnitudes of the 

estimated parameters.  

Table 5.9:Estimation results of M-TAR models for different sub samples 

Variable Period I Period II Period III 


1t  -0.249*** 

(0.08) 

-0.339** 

(0.14) 

-0.173 

(0.18) 


1t  -0.068 

(0.09) 

-0.612*** 

(0.14) 

-0.663*** 

(0.14) 

D 1t  0.057 

(0.11) 

-0.147 

(0.11) 

0.080 

(0.12) 

AIC 2.0223 4.0658 4.2046 

 

SC 2.1117 4.1480 4.3112 

D-W statistics 2.0313 2.0737 1.7987 

Ljung-Box Q statistics 

(lags 36) 

31.206 

(0.695) 

18.811 

(0.992) 

12.149 

(0.978) 

Number of observations 80 92 58 

F Statistics (null 021   ) 5.3630 10.8426*** 

(0.000) 

12.0044*** 

(0.000) 

F Statistics(null 21   ) 2.27 

( 0.1354) 

2.26 

(0.1366) 

5.1910** 

(0.0266) 
Notes:*** denotes significance at the 1% level and ** denotes significance at the 5% level. t-statistics are 

given within brackets.  

The critical   values provided by Enders and Skilos’s for an M-TAR model with a sample of 50, are 

5.56, 6.67 and 9.32 at the 10%, 5% and 1% significance level respectively.  

Finally, the AECM was estimated as the M-TAR model confirmed the presence of 

asymmetry in the price transmission process (See Table 5.10). The results further 

confirm that the negative price deviations are corrected at a faster rate than the positive 

price deviations. Retailers adjust prices within 1.3 (1/0.75) weeks from the time of price 

increases at the wholesale level, but take around 6.7 weeks (1/0.15) to adjust the prices 

when the wholesale price decreases.  
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Table 5.10:Estimation results of the AECM 

Variable Coefficients 


1t  -0.153 

(0.176) 


1t  -0.753*** 

(0.14) 
r

tP 1  0.069 

(0.58) 
w

tP 1  -0.159 

(0.19) 

Constant -0.157 

(0.25) 

AIC  4.1252 

D-W Statistics 1.8183 

Notes:***denotes significance at the 1%level.t-statistics are given within brackets. 

In reasoning the possible causes for the presence of APT in the Sri Lankan rice market 

after February 2010, the study found an interesting connection between the timing of 

structural breaks, government involvement in the market, and the presence of APT in 

the price transmission process. In particular, it was found that 12   during the time 

periods when retail prices were controlled by government through a retail price cap 

following a large price hike in the market. For example, during both the second and the 

third sub-sample periods, price ceilings were in operation. In line with this observed 

connection, the analysis argues that inability to raise retail rice prices above the ceiling 

price–which itself is usually below the market clearance price–leads to reduction in 

retailers’ and wholesalers’ profit margins. The presence of a farm-gate guaranteed price 

means that they cannot pass on this market margin shrinkage to farmers, so the cost of 

the ceiling is shared solely by wholesalers and retailers. This condition may lead to the 

development of a grey market in which, to compensate for the ceiling cost, the traders 

play around the price ceiling without committing any illegal activities, adopting 

possible strategies such as selling low-quality products at the specified price or charging 

a cost for products which have earlier been offered free of charge. However, in the case 

of Sri Lankan rice, these strategies are impractical. For example, the rice retailers in Sri 
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Lanka are small-scale operators who barely offer any other services free of charge. 

There are also a large number of rice varieties with various qualities in the market. The 

only possible way to cover the cost is by delaying the transmission of the price 

reduction to the consumer. This type of hoarding is possible for rice as the perishability 

rate of cereal is low. Lack of information transparency further enables retailers to delay 

transmission of price reductions to the consumer without their knowledge.  

What are the possible food security impacts that this phenomenon might have on 

consumers who are prevented from enjoying price reductions of rice for a considerable 

long period of time? A detailed explanation of this impact and empirical estimation of 

this impact will be presented in the next chapter of this thesis.   

5.5 CONCLUDING REMARKS 

Market integration and the presence of APT in the Sri Lankan rice market were 

evaluated using the Threshold Autoregressive models. This evaluation revealed that the 

Colombo wholesale and retail rice markets, but that price transmission between these 

two markets is found to be asymmetric. Specifically, the study found that price 

increases at the wholesale level are transmitted to the retail level immediately, while 

price decreases at the wholesale level are transmitted slowly.  

The parameter stability test and follow-up analysis revealed two structural breaks and 

thus, the analysis evaluated market integration and the presence of asymmetry in the 

price transmission process during three different time periods. This analysis confirmed 

that the price transmission process is asymmetric only during periods where government 

intervened in the market through retail price ceilings. Therefore the analysis has argued 

that a possible cause for the presence of APT in the rice market could be the 

government involvement in price setting in the market during price surge periods. 

However, without an in-depth analysis of the economic costs and benefits of retail 
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ceilings, it would not be prudent to suggest removing the government involvement in 

the rice market as these interventions protect consumers. 

Food security impacts associated with this retail asymmetry, firstly affect consumers, 

who are denied the benefits of price reduction in the wholesale market. The magnitude 

of the possible impact of this depends on the sensitivity of consumers to price changes 

in the rice market and the importance of the commodity in the Sri Lankan diet. The 

latter is well established: rice has been shown to be the single most important 

commodity in the Sri Lankan food basket. Therefore, the food security impacts could be 

significantly high. To understand the impact more deeply and to quantify the possible 

food security impacts of retail asymmetry in the Sri Lankan rice market, an analytical 

model will be developed and the full description of the analytical model and the 

empirical results obtained from simulating the model will be presented in the next 

chapter.  
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CHAPTER 6 FOOD SECUTITY EFFECTS OF THE PRESENCE 

OF APT 

 

6.1 INTRODUCTION 

Empirical analysis has revealed (see Chapter 5) that the Sri Lankan rice market is 

vertically integrated, but price transmission between the integrated wholesale and the 

retail markets is asymmetric. In particular, empirical analysis in the previous chapter 

confirms that, due to the presence of APT in the rice market, consumers are denied 

receiving the benefit arising from a price fall at the wholesale market for a considerable 

period of time. With this background, this chapter aims to quantify the food security 

impacts of this presence of retail asymmetry in the Sri Lankan rice market. The chapter 

specifically focuses on retail asymmetry in which consumers are disadvantaged: this is 

the most widely observed asymmetry type that affects the food security of consumers.  

To this end, Section 6.2 discusses the possible effects of the presence of the APT in the 

price transmission process in general. Section 6.3 graphically illustrates the food 

security impacts associated with the presence of retail asymmetry, and presents an 

analytical model which can be used to measure these impacts. Section 6.4 assesses the 

magnitude of the food security impact of the presence of APT in the Sri Lankan rice 

market, which is obtained by simulating the analytical model developed in Section 6.3 

with the real data. Section 6.5 summarizes the chapter. 

6.2 MOTIVATION AND BACKGROUND INFORMATION 

According to empirical studies on APT reviewed in Chapter 3, on many occasions 

prices in one market respond differently to price increases and decreases in another 

vertically or spatially integrated market. As Peltzman (2000) suggested this presence of 
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APT in the agricultural marketing system is most common and thus it can be regarded 

as a norm rather than an exception. This common presence of asymmetry in the price 

transmission process has both short-run and long-run implications. In the long run, the 

presence of APT, or the inefficient price transmission process, disturbs the smooth 

transition of information across markets (Mohamed et al., 1996), which in turn 

negatively influences the optimal resource allocation. For example, prolonged delay in 

transmitting price increases at the retail level (demand change) to farmers hampers the 

decision making of the farmer regarding cultivation decisions, thereby leading to a 

misallocation of resources. In the short run, the presence of APT in agricultural markets 

redirects the economic benefits of a price change from one party to another. Who 

benefits and who is disadvantaged by this redistribution is an empirical question.  

Although it is possible that anyone in the supply chain could be affected by the presence 

of APT, the common perception is that consumers are affected by the presence of APT 

whilst wholesalers and retailers benefit from the presence. This belief was supported by 

the empirical analysis taken in the previous chapter and by a large number of empirical 

studies carried out during the last three decades (Kinnucan & Forker, 1987b; Schroeder, 

1988; Hahn, 1990; Pick et al., 1990; Griffith & Piggott, 1994; Zhang et al., 1995; 

Mohamed et al., 1996; Carman, 1998; Schertz Willett et al., 1998; von Cramon-

Taubadel, 1998; Abdulai, 2002; Chavas & Mehta, 2004; Jaffry, 2004; Capps Jr & 

Sherwell, 2007; Awokuse & Wang, 2009; Fałkowski, 2010).  

Despite the understanding of the common presence and its food consumption effects, 

there is a dearth of research on quantification of the food security impacts of the retail 

asymmetry in agricultural markets. To the best of the researcher’s knowledge, there is 

only one study, that of Zheng et al. (2010), which quantified the welfare effect. That 

study computed the compensation variation associated with asymmetric price 
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transmission in the US beef and pork markets: this result suggested that the loss to an 

individual consumer due to the presence of APT is trivial compared to the expenditure 

on beef and pork. This chapter instead specifically focuses on measuring the 

consumption effect or the food security effect of the presence of APT. Towards that 

end, the chapter first outlines the steps in the analytical model development. 

6.3 ANALYTICAL MODEL 

To begin the presentation of the model, it is assumed that there are two vertically 

integrated markets which involve trading commodity A: the wholesale and the retail 

levels. Note that to maintain consistency, the same notations used in previous chapters 

in the thesis are used in this chapter as well to denote the wholesale and the retail 

market prices. Specifically, the notation ‘ wtp ’is used to denote the wholesale market 

prices, whilst notation ‘ rtp ’ is used to denote the retail market prices. It is also assumed 

in the model that the direction of the price movement is from the wholesale market to 

the retail market.  

To begin the model development, suppose that the wholesale price for commodity A at 

time t changes. Since the two markets are integrated, the retail price is adjusted in 

response to the price change in the wholesale market. Consequently, this creates a 

behavioural change in consumers in which they demand more or less of commodity A, 

depending on the direction of the price change. Given that all the other conditions which 

affect food demand remain unaltered, the change in quantity demanded/consumed in 

response to this price change is given by Equation 6.1. 

w

tt pC            (6.1) 
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where a

tC is the change in consumption of commodity A with respect to the change in 

prices at the wholesale market at time t; and  is the own-price elasticity of commodity 

A. wtp is the magnitude of the price change at the wholesale market. 

In this case, the own-price elasticity of commodity A ( ) indicates the sensitivity of 

consumer demand for the commodity A to a price change of that commodity. The 

magnitude of the own-price demand elasticity depends on the importance of the product 

in the food basket and its substitutability.  

Even though Equation 6.1 denotes the total change in consumption associated with the 

price change taking place in the market, it is of limited use in this analysis. This is 

because, the total change in consumption associated with a given price change is similar 

under both symmetric and asymmetric situations since there is no magnitude asymmetry 

in integrated markets. However, if the price transmission process is asymmetric, short-

run magnitude asymmetry can be presented. In order to capture this short-run magnitude 

asymmetry and its impact on aggregate consumption of commodity A, the analysis 

calculates the difference between the cumulative consumption levels of commodity A 

by an individual under a symmetric and asymmetric situation for the duration this short-

run asymmetry exists. To estimate the consumption level at a given time point, the rate 

of consumption change is needed. To obtain it, the right hand side of Equation 6.1 is 

divided by the total time required to transmit price signals between the two markets 

(
a

pT ). This total time taken to transmit price changes between markets (
a

pT ) is equal to 

the inverse of the adjustment speed of price transmission between the two markets 

( ).24 The adjustment speed of   implies that   portion of the price change is 

transmitted from one market to the other market during a unit period of time. This unit 

                                                           
24This is the value of  in the TAR and AECM models. 
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period of time could be a day, a week or a month, given the frequency of data the study 

uses. The analysis assumes that the value of   remains a constant throughout the price 

transmission process and, in turn, the retail price and the consumption change linearly in 

response to price changes at the wholesale market. With that assumption, the change in 

consumption per unit period of time is given by Equation 6.2. 

 wtpc            (6.2) 

Here, c  denotes the change in consumption per unit period of time. 

Under a symmetric price transmission process, both price increases and price decreases 

at the wholesale market are transmitted to the retail market at the same speed ( s

de

s

in   ), 

and hence both the wholesale price increases and decreases take an equal amount of 

time to reach the retail market ( s

de

s

in TT  ). The superscript‘s’ resembles the parameters 

related to the symmetric price transmission process whilst the subscript ‘in’ and ‘de’ 

respectively, resemble parameters related to price increases and decreases.  

Accordingly, the magnitude of rates of consumption change associated with a given 

price increase and a decreases are equal. Therefore, consumption adjustment pathways 

under symmetric situation for both wholesale price increases and decreases are identical 

except for direction. Panel A and Panel B together in Figure 6.1 demonstrate these price 

adjustments at the retail market and the corresponding changes in consumption over 

time.  

In particular, the graph in Panel A shows the change in the retail price over time in 

response to the price shock at the wholesale market. The y axis shows the price at retail 

market ( rtP ); the x axis shows the time. The vertical intercept of the graph (point O) 

gives the price of commodity A at the retail market at the beginning of the time period 
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t0.The lines above the horizontal axis (OA) and below the horizontal axis (OB) 

respectively show how the retail market price reacts to price increases and decreases at 

the wholesale market. In fact, since the price transmission process is symmetric, these 

two lines OA and OB are analogues to each other in every sense except the direction.  

The graph in Panel B shows the corresponding change in the consumption of 

commodity A associated with price changes at the retail market depicted in the graph in 

Panel A. The x axis of the graph again shows the time and the y axis shows the 

consumption levels of the commodity A at any given point of time. 

As the speed of price transmission rate does not depend on the direction of the price 

change at the wholesale market, as noted previously, the absolute value of the per unit 

change in consumption, with respect to the price increases and decreases at the 

wholesale market, are equal to one another. Therefore, lines OA and OB look similar. 
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Figure 6-1: Retail price adjustments and consumption changes under symmetric 

price adjustment process 
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However, if the price transmission process is asymmetric, then the price transmission 

rate for a price increase at the wholesale market is different from that of a price decrease 

at the wholesale market ( as

de

as

in   ).25The superscript ‘as’ is used to denote parameters 

related to the asymmetric price transmission process; subscripts ‘in’ and ‘de’ are again 

used to denote price increases and decreases in the wholesale market. In the studied 

scenario where price increases at the wholesale market are transmitted immediately to 

the retail level, as compared to price decreases at the wholesale market where 

transmission is delayed, as

de

as

in    and as

de

as

in TT  .  

Figure 6.2 graphically illustrates this. The complete lines OA and OB in Panel A show 

the actual pathways of response of the retail price to an equal size price increase and 

decrease at the wholesale market respectively. According to Figure 6.2 Panel A, the 

retail price reached its new level ( 

1rtP ) within 1t time period in response to a price 

increase at the wholesale market; the retail price reached its new level ( 

1rtP ) within a 

longer time (t+2) ,in response to a price decrease at the wholesale market.  

                                                           
25 as

in  and 
as

de are equal to 1 and 2 parameters in the AECM model, which is used to estimate the 

adjustment speeds under asymmetric situations. 
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Figure 6-2: Retail price adjustments and consumption changes under asymmetric 

price transmission process 
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In line with this discrepancy in adjustment speeds for price increases and decreases, 

consumption of commodity A by a consumer also adjusts differently to price increases 

and decreases at the retail level. More precisely, consumers adjust their consumption 

within a short period of time ( 1t ) in response to a price increase at the retail market as 

compared to a price decrease at the wholesale market ( 2t ). 

To explain the impact created by this prolonged time period to transmit price decreases 

to the retail market, the study compares two price reduction scenarios. In the first 

scenario price reductions at the wholesale market are assumed to be transmitted to the 

retail level at the same speed as price increases at the wholesale market (symmetry). In 

the second scenario, price decreases at the wholesale market are assumed to take a 

longer period to transmit to the retail level as compared to wholesale price increases 

(asymmetric). In order to compare the price change path way under symmetric and 

asymmetric situations, an assumption is made on the price transmission rate for 

wholesale price reduction under symmetric situation. That is, the price transmission rate 

for wholesale price decreases under a symmetric price transmission process is assumed 

to be equal to the price transmission rate for price increases under an asymmetric 

situation. In other words, the study assumes s

de  in symmetric price transmission 

situation is equal to as

in . In fact this is a valid assumption as there is no evidence or 

reason to suggest that price decreases at the wholesale market need more time to reach 

retail level than price increases at the wholesale market. Price and consumption changes 

pathways under these two scenarios are depicted in Figure 6.3.  
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Figure 6-3: Comparison of price and consumption movement under an asymmetric and 

a symmetric price transmission process 

 

Panel A: Price change 

Panel B: Consumption change 

Time (t) 

B A 

 

+∆C 

Consumption 

  

A B 

O 

 

  

-∆P 

Time (t) 

Price 

 

 O 



 Presence of APT and food security  

128 

 

Lines OB in graphs in Panel A and Panel B in Figure 6.3respectively represents the 

retail price and corresponding consumption changes associated with a given price 

reduction at the wholesale market when there is an asymmetry in the price transmission 

process. In contrast to this, Lines OAB in graphs in Panel A and Panel B respectively 

denote the retail price change and corresponding change in consumption associated with 

the same size price reduction at the wholesale market when there is no asymmetry in the 

price transmission process. Lines OAB in both graphs are depicted with a dotted line in 

order to show that these lines are corresponding to a hypothetical situation. Comparing 

lines OAB and OB in the graph in Panel B shows that under a symmetric situation, 

consumption is adjusted at a faster rate compared to the asymmetric condition. In turn, 

the consumption of commodity ‘A’ under a symmetric situation always lies above the 

consumption under an asymmetric situation. Even though prices and consumption levels 

reach to the same level under both situations at the end, as markets are integrated, this 

gap in consumption created during the price transmission process is irreversibly 

foregone. This is the welfare effect of the presence of APT on the food security of an 

individual.  

In order to quantify this welfare loss, the gap between the cumulative consumption level 

under symmetric (


s

t

sc
/1

0

) and asymmetric situations 


as

t

asc
/1

0

) can be estimated. 

Mathematically it is equal to the difference between the area under the curves OAB and 

OB in the graph in Panel B Figure 6.3. Thus, it can be expressed as in Equation 6.3. 

)]1()2[(
1
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ttCdtcdtcC s
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t
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t

t

t

s

tf t
     (6.3) 

where, 

fC  is the forgone consumption due to the presence of APT; 
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a

tc  is the consumption level at time t under symmetric price transmission process; 

as

tc  is the consumption level at time t under asymmetric price transmission process; 

s

tC 1 is the new level of consumption of commodity ‘A’ at time t+1 under a symmetric 

price transmission process. 

Here, the first two components of the right hand side of Equation 6.3 correspond to the 

price transmission process during the period 0t  to 1 tt ; while the third 

component represents the price transmission process during 1t to 2t . 

Since /1t , 1t and 2t can be expressed in terms of s and as , Equation 6.3 can 

be further simplified resulting Equation 6.4. 
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      (6.4) 

Expressing the value of s

tC 1 in terms of the initial consumption level ( tC ), own-price 

elasticity ( ) and the magnitude of the price change in the marketing system, Equation 

6.4 can be made empirically testable. To do this, the value of s

tC 1 in Equation 6.4 is 

substituted by wtt pC   to obtain Equation 6.5. 
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    (6.5) 

Once Equation 6.5 is calculated, the forgone consumption of commodity A due to the 

presence of APT in the retail market will be given as a percentage of the cumulative 

consumption of commodity ‘A’ that would have been achieved under a symmetric price 

transmission process.26 This would be the maximum food security impacts of the 

presence of APT in food market. 

                                                           
26The first and second terms in the right hand side of the equation 6.5 represent the cumulative 

consumption of rice during the price transmission process. Since the price transmission rate is assumed to 
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The next section of the chapter applied this equation to assess food security impacts of 

the retail asymmetry in the Sri Lankan rice market. 

6.4 EMPIRICAL TESTING 

In this section, the analytical model developed in the previous section is applied to the 

Sri Lankan context, where there is an asymmetry in the price transmission process 

between wholesale and retail rice markets. To simulate Equation 6.5, for this particular 

incidence, the study requires data on own-price elasticity of rice ( ), weekly rice 

consumption before a price change ( tC ), size of the price change at the wholesale 

market ( wtp ) and the price adjustment speeds for wholesale market price increases 

( as

in ) and decreases ( as

de ). Whilst the estimates of the analysis in the previous chapter 

(Chapter 5) provide the adjustment speeds for price changes at the wholesale market, 

data on own-price elasticity has to be taken from reliable prior econometric studies.  

Summarizing the estimates of the analysis in the previous chapter, parameters indicate 

that price increases at the wholesale market are transmitted to the retail level at a speed 

of 0.753 per week ( as

in = 0.753) whilst price decreases are passed down at a speed of 

0.153 ( as

de =0.153). This indicates that price increases at the wholesale market are fully 

reflected at the retail market after 1.33 weeks, whilst price decreases in the wholesale 

market are fully reflected in the retail market after 6.66 weeks.  

Values for own-price elasticity of rice, obtained from the previous studies, vary largely, 

between -0.33 and -0.68. For example, Gunawardana (2000) and Liyanapathirana 

(1989) estimated it to be -0.33 and Rafeek and Samaratunga (2000) estimated it to be 

                                                                                                                                                                          
be constant, the consumption at consecutive time periods can be expressed as an arithmetic series and 

hence the cumulative consumption during the price transmission process can be calculated using the 

equation ])1(2[
2

0 cnc
n

Ct  . 
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-0.55. Other studies carried out by Barker et al. (1985)and Sahn (1988) reported the 

value of the own-price elasticity of rice as -0.60 and -0.68 respectively. Athukorala et 

al. (2010) used -0.33 as the own-price elasticity of rice in their study. Due to this 

inconsistency, this analysis estimates the forgone consumption under three scenarios, 

where own price elasticity of rice is equal to -0.33 (the lowest of the previous 

estimates), -0.68 (the highest of the previous estimates) and -0.49 (average of the 

previous estimates).  

In estimating the model, weekly rice consumption ( tC ) before the price change was set 

to be equal to the average weekly rice consumption of an individual. As revealed by 

Household Income and Expenditure Survey 2012–2013, this is equal to 2.12 Kg 

(Department of Census and Statistics, 2013a). With this information, the forgone 

consumption due to the presence of APT in the rice market is estimated first for actual 

price decreases in the rice market and secondly for hypothetical 1%, 5%, and 10% price 

decreases in the rice market. For the first estimation, the size of the wholesale price 

decrease was set to be equal to the average size of the wholesale price decrease in the 

wholesale market during the study period, which is equal to 1.6%, according to the data 

from the Hector Kobbekaduwa Agararian Research Institute (2012). The estimates 

derived are recorded in Table 6.1. 

Table 6.1: Forgone consumption of rice (%) under various own price elasticities 

 33.0  49.0  68.0  

Forgone 

consumption 

14.67 19.00 22.88 

 

According to the estimates, Colombo consumers are denied on average a 14.67% 

increase in consumption of rice due to the presence of APT in the rice market, given the 

demand elasticity of rice is -0.33. The respective figures are 19.00% and 22.88%, given 
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the demand elasticities are -0.49 and -0.68. With this estimates it is reasonable to 

conclude that the presence of APT in Colombo rice market has considerable food 

security impacts.  

Estimates of the sensitivity analysis carried out to estimate the food security effect of 

the presence of APT for a 1%, 5% and 10% price reduction at the wholesale market are 

reported in Table 6.2.   

Table 6.2: Forgone consumption of rice (%) for 1%, 5% and 10% price reductions 

 Price change at the wholesale market 

1% 5% 10% 

 -0.49 -0.33 -0.68 -0.49 -0.33 -0.68 -0.49 -0.33 -0.68 

Forgone 

consumption 

13.91 10.34 22.88 32.39 27.90 35.70 38.83 35.42 41.12 

 

The simulated model suggests that for a 1% reduction in the wholesale price, there will 

be a 13.91% penalty in consumption of rice due to the presence of APT in the rice 

market, given the own-price elasticity of rice is -0.49. The respective figures are 10.34% 

and 22.88%, given the price elasticity is -0.33 and -0.68. However when the wholesale 

price decreases by a larger percentage, such as 10%, the forgone consumption would be 

as high as 38.83% for the own-price elasticity value of -0.49. Respective figures for 

elasticity of -0.33 and -0.68 are 35.42% and 41.12%.  

Considering the study period, where the percentage change in wholesale market price 

exceeded 5% level only in 17% instances, it can be argued that the forgone consumption 

due to the presence of APT in the rice market exceeds the level of 36% only in 17% 

instances given the own-price elasticity to be its maximum value of -0.68. 
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6.5 CONCLUDING REMARKS 

This chapter focused on assessing the impact of the presence of APT, at the retail level 

of the rice market, on the food security of Sri Lankans. In order to achieve this 

objective, the chapter first developed an analytical model which can be used to estimate 

the forgone consumption associated with the retail asymmetry. The developed model is 

then applied to the Colombo rice market. Specifically, the developed model was 

simulated with estimates derived from the previous chapter. The estimates confirmed 

that food security impact associated with the presence of APT in the Colombo rice 

market is considerably high. However, note that these estimates give the maximum 

forgone values. It is possible that the actual forgone is less than the estimates, given the 

fact that consumers do not adjust their consumption levels immediately after any price 

change, irrespective of the direction of the price change. 

Considering the significant food security impacts associated with the presence of APT 

in the rice market, it is important that asymmetry in the price transmission process 

between Colombo wholesale and retail rice markets needs to be eliminated. As 

suggested earlier, the origin of asymmetry in rice market could be associated with 

government intervention in the rice marketing system. Therefore by minimizing the 

government involvement in price setting at the retail level could help to prevent 

asymmetry in the price transmission process, and in turn reduce negative effect on food 

consumption.  

The next chapter of the thesis explores the parallel inefficiency in the Sri Lankan 

vegetables market. 
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CHAPTER 7 EFFICIENCY IN THE VEGETABLE 

MARKETING SYSTEM IN SRI LANKA 

 

7.1 INTRODUCTION 

This chapter that assesses efficiencies in the vegetable marketing system is structured as 

follows: Section 7.2 briefly explains the importance of vegetables in the Sri Lankan diet 

and gives a number of specific objectives of this chapter. Section 7.3 provides an 

overview of the structure and the operations of the Sri Lankan vegetable marketing 

system, using the facts obtained from previous research, and from the field visits to two 

main vegetable wholesale markets in the country. Section 7.4 outlines the details of the 

econometric analysis undertaken to assess the market inefficiencies that are being 

tested. Section 7.5 presents the empirical results of these analyses. Section 7.6 

summarizes the chapter. 

7.2 BACKGROUND 

Vegetables, the main side dish of Sri Lankans, are the second most important food item 

in the Sri Lankan diet, next to rice (Gunawardena, 1982; Athukorala & Waidyanatha, 

1987; Deraniyagala et al., 1994; Balasuriya & Dharmaratne, 2007; Sandika, 2012). 

Vegetables provide a substantial amount of both macro and micronutrients. Together 

with fruits, they contribute to 49% of total calorie and 31% of total protein intake of an 

average Sri Lankan: vegetables contribute to a large proportion of this than fruits do 

(Figure 7.1) (Perera & Madhujith, 2012). Despite the importance of daily vegetable 

consumption, Sri Lankans still consume (94g) far less than the FAO recommended 

intake level of 200g (Chamber of commerce, 2011; Jayawardena et al., 2013).  
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Figure 7-1: Contribution of vegetables and animal-source food to total calorie, protein 

and fat intake of an average Sri Lankan individual 

Source:Department of Census and Statistics Sri Lanka (2014) 

Against this background the first objective of this chapter is to investigate integration 

between vegetable markets in Sri Lanka, and then to assess the presence of APT 

between the main wholesale and retail vegetable markets. Linkages between vertically 

and spatially separated markets are very important for vegetables due to the short self-

life of vegetables, compared to cereals, and to the geographical dispersion of the 

consumption and production areas. In particular, production and consumption areas of 

vegetables are far apart, and only a few districts produce a surplus (Figure 7.2). For 

example, more than 90% of the up-country vegetables such as carrots and leeks are 

produced in Nuwara Eliya and Badulla districts while a greater majority of the low-

country vegetables such as brinjals and pumpkins are produced in Anuradhapura, 

Moranagla, and Hambanthota districts (Ceylon Chamber of Commerce, 2012).  
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Figure 7-2: Main vegetable-producing areas in the country; location of Dedicated 

Economic Centres (DECs) and the main retail market 

The second objective of this chapter is to explore the volatility spill-over across 

different levels of the supply chain. In this regard, note that, even though price 

transmission and price volatility transmission across markets appear similar, these are 

two different concepts. The differences lie in the fact that in price transmission studies, 

the transmission of conditional mean of price (realised price) is studied, whereas in 
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volatility studies transmission of conditional variance (transmission of risk from one 

market to the other) is studied (Apergis & Rezitis, 2003). It is possible that price 

volatility perfectly transmits between markets, but not the price itself. Since this is 

where volatility is introduced for the first time in this thesis, its meaning and the 

importance of volatility transmission between markets require further explanation.  

Price volatility measures the dispersion of prices over a given time period. Agricultural 

prices, by their very nature, are volatile due to seasonality in production and 

perishability. Even though it is the nature of agricultural prices to be volatile than non-

agricultural prices, excessive volatility of food prices cannot be overlooked because of 

its negative consequences: (i) higher volatility in farm-gate prices transfers into higher 

volatility in farmer’s income, and, in turn, increases their vulnerability of food 

insecurity (Serra & Gil, 2013); (ii) high volatility of farm-gate prices makes agriculture 

a riskier venture, leading less  investment in farming and hampering the decision 

making of farmers (Dawe & Peter Timmer, 2012); (iii) high retail price volatility at the 

retail market discourages large investment in retail stores, and thus prevents 

development in the retail market which eventually benefits both consumers and 

producers (Buguk et al., 2003; Dawe & Peter Timmer, 2012; Michelson et al., 2012).  

Although volatility per se is undesirable, volatility transmission is not undesirable. It is 

because, unless volatility in one market is spilled over to other markets, the risk will not 

be shared among all the players in the supply chain. From a policy maker’s perspective, 

price volatility spill-over between markets carries more pros than cons. It is because,  if 

volatility spill-over between markets, then the benefit of a price stabilization strategy 

being applied to one market level, will be automatically passed on to the other 

connected levels. This ultimately removes the need to apply price stabilization strategies 

to each and every market level, and reduces the cost of these interventions.   



Efficiency in the vegetable marketing system  

138 

The third objective of this chapter is to assess the farmer’s share of the retail price of 

food. A reasonably high farmer’s share is an indication of minimal value addition in the 

supply chain. However, if farmers are exploited in that supply chain, then even though 

there is no value addition in the supply chain, the farmers will not receive a higher share 

of the retail price of food. Therefore, this indicator provides a rough idea of the presence 

of market exploitation in the supply chain.  

Although how much farmers receive for their product does not directly affect 

consumers’ food security, it has a significant impact on the food security of farmers. 

Given that most Sri Lankan farmers make up the poorest segments in the society and are 

net-food buyers, it is of paramount importance that they receive a reasonable share of 

the retail price of food. Unless they receive a fair share of retail price in return for what 

they produce, then they will not be able to purchase the food they need from the market. 

This suggests that most of the Sri Lankan farmers are producers as well as consumers of 

food and hence affected by both high retail prices `and low farm-gate prices. Farmers 

are therefore the most disadvantaged group, affected by the inefficiencies in the food 

market.  

Since having prior knowledge of the structure and performance of the vegetable 

marketing channels will ease the understanding of the empirical results of analysis 

follow-up, the next section provides a snapshot of the Sri Lankan vegetable marketing 

channels.   

7.3 SRI LANKAN VEGETABLE MARKETING CHANNELS 

Vegetables are cultivated in approximately 93,937 ha of land in the cultivation year 

2013/2014by small-scale farmers scattered around the country(Gunawardena, 1982). 

This has brought 938,601 Mt of production(Ministry of Agriculture, 2014), more than 

90% of which is consumed as raw products (Esham & Usami, 2006). However, since 
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the local production is not sufficient to fulfil the local demand, Sri Lanka imports a 

small amount of vegetables into the country, valued at 204 Million USD in the year 

2012 (Department of Commerce Sri Lanka, 2014).27 

As shown in Figure 7.3, the three main vegetable marketing channels in the country are 

mainly handled by the private sector. Of these three, the most traditional vegetable 

marketing system comprises many intermediaries, namely collectors, transporters at 

different levels, wholesalers and retailers. This channel is deemed to be inefficient due 

to the presence of such large numbers of intermediaries in the supply chain, the rough 

loading of vegetables leading to high wastage of product, the lack of transparency in 

market information, and the high level of marketing margin between producer and 

retailer (Perera et al., 2004; Fernando & Nilmini, 2010).  

In order to overcome some of these inefficiencies, especially those arising because of 

the large number of intermediaries in the supply chain, in 2000the Sri Lankan 

government introduced DECs by combining the marketing function of the many 

intermediaries in the supply chain. These DECs are the second vegetable marketing 

channel in the country.  

The most recently developed marketing channel, the supermarket channel, is the third of 

these channels. In these, the retailer owns the whole supply chain, which minimizes the 

number of intermediaries in the supply chain. However, since supermarkets have 

emerged very recently, their share in food retailing has not yet exceeded 15% in the 

country (amba, 2013), which is far below the supermarket share of most developed and 

developing countries. 

                                                           
27 Note that Sri Lanka also exported a small amount of vegetables, valued at 20.56 Million USD for 

January to October, 2012 (Department of Commerce Sri Lanka, 2014). 
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7.3.1 DEDICATED ECONOMIC CENTRES (DECs) 

DECs are either wholesale or retail vegetable markets which comprise of a large 

number of individual wholesale or retail shops that are rented on a long-term basis from 

the Ministry of Co-operatives and Internal Trade. Currently, there are 13 DECs. Out of 

these, seven are wholesale DECs located in the main vegetable producing areas in the 

country:Ampara, Dambulla, Embilipitiya, Keppetipola, Nawalapitiya, Nuwara-Eliya 

and Thabuththegama. Others are either retail markets or small markets performing both 

wholesale and retail functions, these being Meegoda, Narahenpita, Piliyandala, 

Ratmalana and Veyangoda.  

Although farmers are allowed to bring their harvest to wholesalers in the DECs by 

themselves, field visits to the Kappetipola and the Dambulla DECs have revealed that 

most of the farmers hire transporters to convey their products to the market (see Figure 

7.3). Even with an extra cost to the farmers, they do so for two main reasons. Firstly, the 

majority of these farmers are small-scale farmers who do not have their own vehicles to 

carry their products to the markets. Secondly, there is a high opportunity cost of travel 

to the DECs by themselves, due to the distance and the underdeveloped roads in the 

country. Usually the intermediaries who transport the product to DECs on behalf of the 

farmers are themselves farmers who own vehicles. Upon the completion of their task, 

they charge the farmers a payment in return for their role as vegetable collectors and 

transporters. 

Once the wholesalers, who in these DECs are commission agents, receive vegetables 

from either farmer or collector, they store them till buyers come to purchase, then 

facilitate the transactions between farmers and buyers.28 Note that they do not decide the 

price of the product since they are only commission agents. However, if farmers do not 

                                                           
28These buyers could be transporters, wholesalers, retailers or vegetable processing companies (Esham & 

Usami, 2006). 
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remain in the market for the whole day, most of these wholesalers are involved in the 

price discovery process by negotiating the price with the retailers. Upon the completion 

of this process, wholesalers get a commission from the farmers for their service. The 

standard commission, based on the price of the vegetables, are reported in Table 7.1. 
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Note: unbroken lines indicate the flow of vegetables in traditional marketing channels, while the 

broken lines indicate the flow of vegetables in the supermarket channel.  

 

 

As shown in the table, different commissions are applied to different blocks of prices, 

where commission is higher for higher price blocks than for lower price blocks. Further, 

as the Table 7.1 shows, the width of the block is uneven and relatively large for the 

upper blocks. One of the disadvantages of this wider gap between the lower and the 

upper limit of the block is it prevents wholesalers from actively engaging in the price 

negotiation process as the commission remains fixed over a large price range.    

Figure 7-3: Three alternative vegetable marketing channels in Sri Lanka 
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Table 7.1: Commission rate at the DECs for the year 2012 

Price of the commodity (Rs per Kg) Commission (Rs. per Kg) 

Rs. 1.00-9.50 50 cents 

Rs. 10.00-29.50 Rs. 1.00 

Rs. 30.00-60.00 Rs. 2.00 

Rs. 60.00-99.00 Rs.3.00 

Above Rs.100.00 Rs. 5.00 

Source: The Dambulla DEC, 2012 

Even though the standard commission rates are clearly communicated to the traders and 

farmers by the authorities in the DECs, in some instances farmers are exploited by 

wholesalers in the market. For example, some wholesalers quote a lower price of 

vegetables to the farmer than its actual selling price in the absence of the farmer in the 

DEC at the time of transaction. In doing so, they make an extra profit over the standard 

commission. Those farmers who have financial bonds with the wholesalers are more 

likely to be exploited in this way, as they are asked by wholesalers to leave their product 

for sale.  

Following the purchase of vegetables at the DECs, buyers pack vegetables in gunny 

bags with the help of porters and then transport them to different parts of the country 

using small non-freezer trucks. Even though using gunny bags reduces the cost of 

transport by increasing the per truck volume, it creates a high level of wastage of 

vegetables. In order to prevent this high wastage, the government imposed a law in 

2011 making it compulsory to use plastic crates to transport vegetables. However, this 

law failed soon after its enforcement due to the opposition from farmers and traders. 

They argued that they could not reach the breakeven point due to the extra cost of 

plastic crates on top of all the other transaction costs. Therefore, the government 

amended the law, allowing the use of gunny bags for transportation of vegetables, 

except for those highly prone to physical damage, such as tomatoes.  
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7.3.2 SUPERMARKET CHANNELS 

As noted, the most recently developed vegetable marketing channel in the country is the 

supermarket channel. The flow of vegetables in this channel, shown by the incomplete 

lines in Figure 7.3, has a different pattern. The main supermarkets operating in Sri 

Lanka have established their own collecting centres in major producing areas to procure 

vegetables from farmers. As Perera et al. (2004) pointed out, both farmers and village 

collectors bring their product to these collecting centres after receiving an order from 

these collecting centres the previous day. In some instances, large supermarkets make a 

forward agreement with farmers for the supply of vegetables at the beginning of the 

cultivation season (Esham & Usami, 2006). Once these vegetables are delivered, they 

are transported in refrigerated trucks to the Central Purchasing Unit of these 

supermarkets, and dispatched to the retail supermarket stores in the area. Due to their 

direct purchase, the safe transport and the economic scale of operation, supermarkets 

have been able to reduce their wastage and per unit cost of handling of vegetables, and 

are able to offer high quality vegetables at a reasonable price to consumers.29 

By supplying vegetables to supermarkets, producers also receive some benefits. They 

receive an average of a 25% higher price by selling to supermarkets than they receive 

selling products to nearby markets (International Fund for Agricultural Development 

(IFAD), 2013). They also gain a deep knowledge on post-harvest handling from their 

interaction with the supermarkets. In addition to these direct benefits to consumers and 

producers, the presence of supermarkets in the marketing system has increased the 

degree of transparency in the transaction at the farm-gate level and has reduced the post-

harvest losses (Perera et al., 2004). However, in order to receive these benefits, farmers 

have to maintain the quality level imposed by supermarkets. Since a majority of small-

                                                           
29There are some supermarket chains which own only few retail outlets. These supermarket chains do not 

have their own vegetable collecting centres in producing areas. Thus, they purchase vegetable either form 

vegetable collectors or from DECs (Atukorala et al., 1994). 
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scale vegetable farmers are unable to meet with the quality standard imposed by 

supermarkets, they have been omitted as a source of supermarket supply (Fernando & 

Nilmini, 2010). The small procurement size, imposed by supermarkets as a way of 

reducing their risk of dependency on one farmer, has also limited the number of farmers 

who desire to supply to supermarket channels (Kodithuwakku & Weerahewa, 2014).  

7.4 ESTIMATION PROCEDURE 

The study uses two different techniques to assess price transmission and volatility 

transmission. The section discusses separately the methodologies adopted to test each 

concept.  

7.4.1 ASSESSING MARKET INTEGRATION AND THE PRESENCE OF APT 

IN THE MARKETING SYSTEM 

In assessing market integration and the presence of APT between the wholesale and 

retail vegetable markets in Sri Lanka, analysis focused on the price linkage between the 

main wholesale market (Dambulla DEC)30 and the main retail market (Colombo retail 

market), located 136 km apart from each other. Due to this long distance between the 

two vertical markets, it could be argued that the analysis in fact assessed both the 

vertical and the spatial market integration of the Sri Lankan vegetable markets. The time 

period covered in this analysis is from April 2011 to June 2012. 

This analysis uses the Enders and Siklos’s asymmetric TAR model to assess market 

integration and the presence of APT in the vegetable market. Instead of assuming the 

threshold value of the TAR model to be zero, as done in Chapter 5, the threshold value 

was set to deviate from zero in this chapter. Even though the zero threshold level is 

valid for the rice market analysis as the main wholesale market and the retail rice 

                                                           
30 The Dambulla DEC, the main wholesale vegetable market in the country, has been involved in 80% of 

the vegetable trade since its establishment in 2000. Due to its central location, it acts as a hub for both 

supply and wholesaling. 
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market are located in near proximity, it is not valid for the vegetables market analysis as 

the two markets are located so far from each other. Instead of estimating the threshold 

value through a Grid Search method, as commonly done in TAR models, the analysis 

estimates it through a primary survey. In this regard, there is a novelty in this analysis. 

The primary survey used to estimate the transfer cost of moving product between the 

Dambulla wholesale market and the Colombo retail market comprised a cross-sectional 

survey carried out in June 2012 at the Dambullla DEC and the Colombo retail market. 

Survey interviewed 100 traders and transporters who visited the Dambulla DEC from 

Colombo to buy vegetables, and 100 retail traders at Colombo market. Semi-structured 

questionnaire that was used to collect data comprised two main parts (Attached in 

Annex 2). The first part consists of questions that are mainly related to the 

transportation cost, such as load per truck, cost of labour and fuel and the miscellaneous 

expenditure per round trip from Colombo to Dambulla. The second part is comprises 

questions on operational cost of the trading premises at the Colombo market, such as 

details of monthly rent, electricity and other expenditures of the retail business 

premises. In drawing the sample, purposive sampling technique was used in order to 

capture the variation among transporters in terms of the size of the load, type of the 

vehicles they were using and the number of labours they used in transporting the load. 

The ethical clearance for this study was obtained from the Ethical Review Committee of 

Griffith University. The protocol number is GU Ref No: AFE/16/12/HREC. Further, 

consent was obtained from each participants of the survey before the data collection.  

Once the threshold (transfer cost) is estimated for one data point, it is extrapolated into a 

time series by deflating it with the Colombo Consumer Price Index (Base=2006/2007). 

This technique is commonly used in obtaining the time series transfer cost for the 

estimation of the PBM. By doing this, the study relaxes the assumption of a time 

invariance threshold value in the TAR model.  
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The analysis selected three commonly consumed vegetables, beans, carrots and 

cabbages, to assess market integration and the presence of APT in the vegetable market. 

The choice of these three vegetables was based on the pattern of monthly expenditure 

on vegetables by an average Sri Lankan individual. According to the Household Income 

and Expenditure Survey 2012/2013, expenditure on beans was the highest for all 

vegetables and expenditure on carrots and cabbages were among the top five.  

7.4.2 ASSESSING PRICE VOLATILITY SPILL-OVER ACROSS FARM-

GATE, WHOLESALE AND RETAIL VEGETABLE MARKETS 

As noted earlier in Section 7.2, measuring the volatility of vegetables and the volatility 

spill-over between vegetable markets are as important as measuring market integration 

and the presence of APT, as the high level of price volatility, is one of the main 

inefficiencies in the Sri Lankan vegetable markets. Toward this end, this section first 

briefs the methodologies available to assess volatility spill-over between markets and 

then discusses the model selected for this analysis, Exponential Generalized 

Autoregressive Conditional Heteroskedasticity model, (EGARCH) in detail.  

Models used to model volatility transmission can be broadly categorised into three 

types: Generalized Autoregressive Conditional Heteroskedasticity models (GARCH), 

Regime Switching Models and Stochastic volatility models. Among these three, the 

GARCH models are the most commonly used models in modelling price volatility 

transmission (Soriano & Climent, 2005). 

A number of variants of the GARCH model have been used to model volatility 

transmission in recent years, such as the Multivariate GARCH model (Ewing et al., 

2002; Malik & Hammoudeh, 2007; Trujillo-Barrera et al., 2012; Serra & Gil, 2013). 

Not all of these GARCH models can be used to model the asymmetry or the leverage 

effect in the volatility transmission. This leverage effect, similar to that of in price 
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transmission refers to the differencing effect of negative and positive shocks on 

volatility. Among the variants of the GARCH models which can model the asymmetric 

effect, the best models are the Exponential GARCH model (EGARCH), the Glosten-

Jagannathan-Runkle GARCH (GJR-GARCH) and the Threshold GARCH (TGARCH) 

models, with GJR-GARCH and EGARCH are the most commonly used GARCH 

models (Soriano & Climent, 2005; Alberg et al., 2008). In this analysis, a multivariate 

extension of Nelson’s (1991) EGARCH model will be used. The details of the model 

are presented in the next sub-section. 

7.4.2.1 THE EGARCH MODEL  

Although the Nelson’s EGARCH model has been extensively used to model volatility 

spill-over in financial returns and stock markets, it has been rarely used in modelling 

volatility in agricultural markets, for exampleBuguk et al. (2003) and Haixia and 

Shiping (2013). 

The development of the EGARCH model from the basic GARCH model can be 

described while introducing the main variables. Let ity  denotes the price at the 

thi market level at time t. in this analysis, thi  market could be the farm-gate, wholesale 

or retail market for vegetables. Also let 1tz  represent the past information set 

containing the realized values of all relevant variables up to time 1t . Given this 

information set, the expected price and volatility at the market i can be denoted as 

tm and th , respectively, where 1 ttt zym  and 1

2

 tt zh  .  

As Engle (1982) suggested, this conditional variance can be modelled in an ARCH (p) 

model as a function of the lagged error terms (Equation 7.1). Here, p is the order of the 

ARCH terms t .    
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Here,  , 1 …………….. p  are constant parameters. The parameter i  ( pi  ) gives 

the effect of shocks arising in the immediate past period on current volatility. It is 

believed that any shock aroused before the thp  time period has no effect on the current 

volatility. 

Once the effects of previous periods’ variance are also included in the model, the 

following GARCH (p,q) model specified in Equation (7.2)can be obtained. 

jt

q

j

jt

p

i

it hh 







 
1

2

1

1

         (7.2) 

Here, w , 1 …………….. p , i  are constants.  

According to the GARCH model, price volatility in the current time period depends on 

the previous year deviation of the error term (most recent shock) and the long-run 

average variance. In other words, volatility in one period is a function of lagged 

innovations. The notation q denotes the last time period in which the lagged price 

variance had an impact on the current time period variance. 

As noted by Engle and Ng (1993), although these ARCH and GARCH models can be 

used to model the dynamics of volatility successfully, they cannot be used to address the 

asymmetry or leverage effect of past shocks. Thus, Nelson (1991) suggested the 

exponential GARCH or the EGARCH model of the following form: 
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Where, w , ,   and   are constant parameters. The parameter measures the leverage 

effect. If 0 , then the null hypothesis of equal response to both positive and 

negative shocks (symmetry) is rejected in favour of the presence of asymmetry in the 

price volatility spill-over.  

Improving the EGARCH (p,q) model further by incorporating the effect of price 

variance in other markets on the volatility of market i  means that volatility spill-over 

between n  number of markets can be assessed. To incorporate the effect of the 

conditional variance of prices in the other markets (volatility in other markets) into the 

model, the most recent squared residuals from the mean-conditional variance 

formulation for the prices of the other markets are introduced into Equation 7.3 as 

exogenous variables, and obtain Equation 7.4. 
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where, tu ,1  and tu ,2 are the contemporaneous squared residuals from the AR-

EGARCH(p,q) for prices at the other two markets.31 Parameters   and   denote the 

volatility spill-over coefficients and thus the statistically significant parameters of   

and   infer the existence of spill-over effect across markets.  

Once this EGARCH model has been estimated, the robustness of the model is checked 

using a few diagnostic tests. These diagnostic tests check the properties of the error 

terms of the estimated EGARCH model. For example, if the model is correctly specified 

then the error terms should have a constant mean and variance. To test this property, 

tests of autocorrelation such as the Ljung-Box test are used (Engle, 2001). The next 

property is the distribution of the error terms. To determine whether the error terms of 

                                                           
31investigating price volatility spill-over among more than two markets can add more of these terms in to 

the equation 
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the estimated EGARCH model are normally distributed, the Chi-Square test is 

performed. Thirdly, the Jarque-Bera (JB) test is used to assess whether the conditional 

distribution of the observed series is normal.  

In this analysis the EGARCH models are applied to the percentage change in monthly 

prices at farm-gate, wholesale and retail vegetable markets in Sri Lanka. The data is 

obtained from the Department of Census and Statistics and the Hector Kobbekaduwa 

Agrarian Research Centre for the period from January 2005 to June 2012.  

7.5 EMPIRICAL RESULTS AND DISCUSSION 

This section, divided into three subsections, presents the empirical results of the three 

separate inefficiency analyses taken in this chapter: Section 7.5.1 presents the empirical 

results of the price transmission analysis (market integration and the presence of APT), 

Section 7.5.2 presents the empirical results of the price volatility transmission analysis, 

and Section 7.5.3 presents the empirical results of the analysis of the farmer’s share of 

the retail price.  

7.5.1 RESULTS ON MARKET INTEGRATION AND THE PRESENCE OF 

APT 

First, as a pre-requisite, the Augmented Dickey Fuller (ADF) test was performed on two 

weekly price series to find out whether they were non-stationary in their levels and 

integrated in the same order I(d). As presented in Table 7.2, ADF test statistics indicate 

that the null hypothesis of the presence of unit root cannot be rejected for any of the 

series, indicating that all the price series are stationary in their level form.
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Table 7.2:ADF unit root test results on vegetables 

 

Notes:***denotes significance at the 1% level, **denotes significance at the 5% level and *denotes 

significance at the 10% level.p-values are given within brackets. 

 

In order to identify the direction of the price movement, the Granger causality test was 

applied in the next step, to both the level and differenced two pairs of price series. The 

first pair is the prices in the wholesale market ( wP ) and the prices in the retail market 

( rP ). The second pair consists of changes in prices in the wholesale market ( wP ) and 

changes in prices in the retail market ( cP ). The results are reported in Table 7.3. 

 

 

 

 

 

 Level First difference 

 None Intercept Intercept 

and trend 

None Intercept Intercept 

and trend 

 Bean 

Wholesale 

price 

-1.181 

(0.21) 

-3.100** 

(0.03) 

-3.069 

(0.12) 

-8.914** 

(0.00) 

-8.846*** 

( 0.00) 

-8.764*** 

(0.00) 

Retail price -1.031 

( 0.27) 

-4.908*** 

(0.00) 

-4.858 

(0.00) 

-11.53*** 

(0.00) 

-11.445*** 

(0.00) 

-11.379*** 

(0.00) 

 Cabbage 

Wholesale 

price 

-2.451* 

( 0.02) 

-2.779* 

( 0.07) 

-2.432 

(0.36) 

-7.631*** 

( 0.00) 

-7.71*** 

(0.00) 

-7.91*** 

(0.00) 

Retail price -0.824 

( 0.35) 

-3.80*** 

(0.00) 

-3.770** 

(0.02) 

-11.51*** 

(0.00) 

-11.42*** 

( 0.00) 

-11.36*** 

( 0.00) 

 Carrot 

Wholesale 

price 

-1.645* 

(0.09) 

-2.870* 

(0.05) 

-2.744 

(0.22) 

-9.257*** 

(0.00) 

-9.271*** 

( 0.00) 

-9.333*** 

(0.00) 

Retail price -0.962 

(0.30) 

-2.864* 

(0.06) 

-2.785 

(0.21) 

-12.653*** 

(0.00) 

-12.562*** 

(0.00) 

-12.553*** 

(0.00) 
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Table 7.3: The Granger causality test statistics 

Null hypothesis Granger causality F statistics 

 Beans Cabbages Carrots 

wP does not granger causes cP  1.20 

(0.308) 

4.81** 

(0.012) 

1.36 

(0.264) 

cP does not granger causes wP  2.03 

(0.141) 

0.67 

(0.51) 

1.03 

(0.36) 

wP does not granger causes cP  0.77 

(0.467) 
0.94 

(0.39) 

2.41* 

(0.099) 

cP does not granger causes wP   0.81 

(0.450) 

 

0.24 

(0.78)  

 0.21 

(0.812) 

Notes:**denotes significance at the 5% level and *denotes significance at the 10% level. Standard 

deviations are given within brackets.  

The upper panel of Table 7.3 indicates the results of the Granger causality test on levels 

of prices. The p-values, which are recorded within brackets, indicate that the null-

hypothesis of the Granger causality test is not rejected for either carrots or beans. 

Therefore the direction of price movement cannot be decided. However, the p-values for 

cabbages provide evidence for the presence of a unidirectional price movement between 

the two markets for cabbages. The null hypothesis that the wholesale market does not 

‘granger cause’ the retail price was rejected at the 5% significance level, indicating that 

the wholesale price causes the retail price.  

Without confirmation of the price direction for beans and carrots, the pair-wise Granger 

causality test was performed to differenced prices and the results are presented in the 

lower panel of Table 7.3. Again, the Granger causality test did not confirm the direction 

of the price movement between the two markets for beans. However, this time, the test 

confirmed that there was a unidirectional price change movement from the wholesale to 

the retail market for carrots at the 10% significance level.  

Following the Granger causality test, the next step of the analysis was to assess the 

presence of asymmetry in the price transmission process using the TAR and the M-TAR 

models. Once a pool of TAR and M-TAR models were estimated, models with the 
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appropriate lag length of the previous period error terms were selected, based on the 

AIC and SC values.  

The M-TAR models with zero lags were selected over other estimated models to 

describe the price linkage between the wholesale and retail markets for beans and 

cabbages. For carrots, the AIC and SC values favour the TAR model with zero lag over 

the other estimated threshold models. The estimated coefficients, statistical significance 

and the post estimation results of the selected models for all three vegetables are 

reported in Table 7.4. 

The adjustment coefficients of the threshold models reported in Table 7.4, for all the 

estimated TAR and M-TAR models, are negative and (1+ 1 ) (1+ 2 ) <1. Therefore, the 

null-hypothesis of 021    was next tested by comparing the F-statistics of the tests 

with the critical   values provided by Enders and Siklos. The comparison revealed that 

in all estimated models the calculated F value is above the critical   value. Hence, the 

null-hypothesis of zero adjustments is rejected, indicating that the main wholesale and 

retail vegetable markets for all three vegetables are integrated.  

Once the integration between markets was confirmed, the presence of asymmetry in the 

price transmission process was checked for all three vegetables by testing the null 

hypothesis of equality in adjustments speeds, 1 and 2 . As shown in Table 7.4, this 

hypothesis is also not rejected for any of the vegetables, indicating that the price 

transmission process is symmetric. Both price increases and decreases at the wholesale 

market exert the same effect on prices at the retail market. Thus, it can be concluded 

that the Sri Lankan vegetable markets is efficient in terms of market integration and the 

presence of APT. This finding is in line with expectations, because, with the 

establishment of the DECs in the country, the number of intermediaries between 
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wholesalers and retailers has been minimized, enhancing communication and 

information transmission between the two markets.  

Table 7.4: Estimation results of the TAR and M-TAR models 

 

Parameters Bean Cabbage Carrot 

 M-TAR M-TAR TAR 


1t  -0.72*** 

(-4.23) 

-0.79*** 

(-4.20) 

-0.75 

(-4.34) 


1t  -0.66*** 

(-4.08) 

-0.51*** 

(-3.17) 

-0.66 

(-3.38) 

AIC 8.6666 7.6204 8.7217 

SC 8.7370 7.6927 8.7921 

D-W statistics 1.8548 1.8714 1.9840 

Number of observations 59 56 59 

Post estimations 

Ljung-Box Q statistics 7.3609 18.43 18.80 

F Statistics (null 021   )a 17.27 

(0.000) 

13.82 

(0.000) 

 15.15 

(0.000) 

  Statistics (null 21   ) 0.04 

(0.844) 

1.26 

(0.268) 

 0.12 

(0.733) 

Notes:*** denotes significanceat the 1% level and the t-statistics are specified within brackets.  

The critical   values provided by Enders and Skilosfor a sample of 50 are 5.09, 6.20 and 8.78 for the 

TAR model and 5.59, 6.73 and 9.50 are for the M-TAR model at the 10%, 5% and 1% significance level 

respectively.  

 

Compared to the results obtained in Chapter 5 on market integration in the rice market, 

the results obtained for vegetables market are different in two ways. First, even though 

the difference is not statistically significant, the estimated adjustment speeds indicate 

that the adjustment speed corresponding to wholesale price decreases ( 1 ) is greater 

than the adjustment speed corresponding to wholesale price increases ( 2 ). This is in 

fact the opposite of the results found for the rice market in Chapter 5, where 2  was 

found to be greater than 1 . However, it is consistent with the results of Ward (1982), 

who along with many others has suggested that there is a negative APT in the vegetable 

market. They argued that vegetables are perishable food items and cannot be hoarded 

for profit, so traders are reluctant to increase prices in response to the price increases in 
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an integrated market, as they fear being left with high wastage at the end of the day. The 

presence of close substitutes in the market also restrains traders from increasing prices 

instantly in response to a price increase at the wholesale market. However, in response 

to price reduction, traders pass down price decreases to consumers immediately to gain 

comparative advantage.  

Secondly, the empirical results related to vegetable market are different from those of 

rice market in terms of the time taken to restore the market equilibrium following a 

shock to the system. As revealed in Chapter 5, the rice market takes two to six weeks 

for the restoration of its equilibrium. However, the adjustment speed reported in Table 

7.4 indicates that vegetable markets take only one to two weeks for the restoration of 

their long-run equilibrium after a price shock to the system. This difference also can be 

attributed to the difference in shelf life of vegetables and rice.  

The analysis next investigated the volatility in vegetable prices and its spill-over 

between markets.  

7.5.2 RESULTS ON PRICE VOLATILITY TRANSMISSION BETWEEN 

MARKETS 

Prior to the investigation of volatility spill-over, time series data on farm-gate prices of 

vegetables are graphed in Figure 7.4 to observe how volatile farm-gate prices are. As 

the figure illustrates, prices are highly volatile. To know the exact magnitude of this 

volatility, the standard deviations of the daily farm-gate prices of vegetables at the 

Dambulla DEC were calculated. The analysis used data for a period of one year 

(January 2011 to December 2011). Estimated standard deviations are presented in Table 

7.5. 
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Figure 7-4: Volatility of farm-gate prices of vegetables 

Source: Based on the data from the Dambulla DEC 
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As Table 7.5 indicates, the standard deviations of vegetable prices range between 

Rs.14.2 and Rs. 87.23 with an average value of Rs. 36.25. The lowest standard 

deviation is recorded for potato; the highest for green chillies. This difference in 

volatility for different vegetables is governed by several factors, such as production 

levels in the country, climatic variation in the growing region, perishability of the 

product, availability of import substitutes at the retail level, and government 

interventions in the market via its regulation of importation during the on and off 

production seasons. 

Table 7.5: Mean and standard deviations of farm-gate prices of selected vegetables 

Vegetable Mean (in Rs) Standard deviation 

Potato-local 78.70 14.20 

Cabbage 60.04 16.38 

Cucumber 48.06 23.18 

Leeks 67.80 25.48 

Beet-root 85.23 28.26 

Snake gourd 46.27 30.07 

Tomato 53.67 32.66 

Brinjal 52.19 34.40 

Long bean 66.14 34.49 

Okra 51.11 36.07 

Carrot 116.28 36.90 

Pumpkin 36.48 38.51 

Radish 59.77 38.51 

Cucumber 48.05 38.51 

Bean 115.20 46.26 

Capsicum 148.73 55.26 

Green Chilli 120.94 87.23 

Source: Based on the data obtained from the Dambulla DEC (Author’s calculation) 

Once the price volatility was measured, the analysis explores the transmission of prices 

between markets and the presence of possible asymmetry in volatility transmission 

using the Nelson’s EGARCH model. The EGARCH model was applied to farm-gate, 

wholesale and retail prices for cabbages, carrots and beans. The vegetables used for the 

analysis of price transmission were selected for this analysis as well, due to their 

popularity among Sri Lankan consumers, compared to other vegetables.  
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7.5.3 EMPIRICAL RESULTS ON PRICE VOLATILITY SPILL-OVER 

Prior to the estimation of the EGARCH model, a unit root test was performed on price 

series to verify the stationarity of the data. Verification of the stationarity is specifically 

important for the EGARCH estimation, because ARCH family models are estimated for 

stationary series with a conditional variance that changes over time (Hill et al., 2008). 

Therefore, if the variables are non-stationary they need to be converted to stationary 

prior to the modelling. To test the presence of unit root, the ADF test was applied on 

prices of vegetables.  

Table 7.6: Augmented Dickey Fuller test statistics on prices and percentage change in 

prices of beans, cabbages and carrots at the Dambulla DEC 

Variable Cabbage Bean  Carrot  

Price 

Farm-gate -3.192** 

(0.024) 

2.721* 

(0.075) 

-3.146** 

(0.0270) 

Wholesale -4.496*** 

(0.000) 

-3.996*** 

(0.0025) 

-6.223*** 

(0.000) 

Retail -3.537*** 

(0.009) 

-4.030*** 

(0.0022) 

-4.301*** 

(0.000) 

Percentage change in price 

Farm-gate -9.621*** 

(0.000) 

-7.177*** 

(0.000) 

-8.273*** 

(0.000) 

Wholesale -7.135*** 

(0.000) 

-9.959*** 

(0.000) 

-7.923*** 

(0.000) 

Retail -7.278*** 

(0.000) 

-7.306*** 

(0.000) 

-8.507*** 

(0.000) 

Notes:*** denotes significance at the 1% level, **denotes significance at the 5% level and *denotes 

significance at the 1% level. p-values are given within brackets 

The results of the ADF test confirms that price series with a constant term showed that 

all the price series were stationary in their level form (Table 7.6). Following this, the 

ADF test was performed on the percentage change in the prices of the three markets: the 

dependent variables of the EGARCH model. Again the results indicated that all nine 

series of percentage changes in prices were stationary in their level form. 

Once the stationarity in price series was confirmed then a series of EGARCH models 

were run separately for three markets, taking the percentage change in price in each 
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market as the dependent variable. According to the values of the selection criteria – the 

AIC, SC, Ljung-Box test statistics and Jarque-Bera normality test statistic – the 

EGARCH (1,1) models were selected as the best models to describe the dynamics of 

volatility spill-over in the vegetable markets. In particular, the Ljung-Box test statistics 

indicated that there is no significant serial correlation detected in the price series after 

the adjustment process. Further, the Jarque-Bera normality test statistics indicated that 

the standard residuals of all the models were normally distributed. Thus, the estimated 

EGARCH models were concluded to be capable of capturing all linear and non-linear 

dependencies in the dependent variables of all the estimated models. The results of the 

estimated EGARCH model are reported in Table 7.7. 

The coefficient i captures the own price volatility spill-over; that is, the effect of the 

own lagged volatility on the current volatility of prices. According to Table 7.7 most of 

the estimated i coefficients are statistically significant, indicating that volatility in each 

market depends on its own past innovations. The volatility persistence indicated by the 

coefficient i  suggests that volatility persistence is significant for many vegetable 

markets. Persistence is strongest in the cabbage wholesale and retail markets, and the 

bean retail market. Volatility persistence in the markets was further investigated using 

the half-life concept. As suggested by Booth et al. (1997) and Hasan et al. (2013), the 

half-life ( ) is defined as the time required for the volatility to move half-way back 

towards its unconditional mean. It is measured using Equation 7.6.  

)log(

)2/)log((









          (7.6) 

It takes approximately five weeks to nullify a shock to the bean retail market and 

approximately four weeks to nullify a shock to the carrot wholesale market. However, 
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to nullify a shock to the bean wholesale and to the cabbage farm-gate markets, it takes 

two weeks and less than one week respectively.  

This indicates that once volatility occurs, it stays in some markets for a considerably 

long period of time. Alternatively, this suggests that uncertainty and risk remain in some 

vegetable markets for a long period of time (Natcher & Weaver, 1999). Usually, in an 

efficient marketing system, volatility disappears quickly after a shock (Buguk et al., 

2003). Thus, the longer half-life for some of the markets indicates inefficiency in the 

vegetable markets.  

In relation to the presence of asymmetry in the volatility transmission process, 

symmetric coefficients measured by   suggest that volatility spill-over between 

markets is not always symmetric. In particular, volatility spill-over across markets is 

asymmetric in four out of the nine markets studied. To identify the type of volatility 

which transmits better, the relative asymmetry ( iz ) is estimated using Equation 7.7; 

)1/(1 iiiz            (7.7) 

 



Efficiency in the vegetable marketing system  

162 

Table 7.7: Estimation results of the EGARCH models of volatility spill-over 

Parameters Bean Cabbage Carrot 

Farm-

gate 

Wholesale Retail Farm–gate Wholesale Retail Farm-gate Wholesale Retail 

1  0.64 

(1.53) 

0.96*** 

(2.94) 

-0.31** 

(-1.99) 

1.35*** 

(4.50) 

-0.26 

(-1.06) 

-0.054 

(-0.14) 

0.51 

(1.48) 

-0.45** 

(-2.01) 

-0.22*** 

(-13.35) 

  -0.88 

(-11.50) 

-0.43* 

(-1.76) 

0.93*** 

(14.52) 

0.68*** 

(4.25) 

0.92*** 

(15.62) 

0.33 

(0.60) 

-0.54 

(-1.64) 

0.83*** 

(10.35) 

0.91*** 

(603.86) 

Half life .. .. 9.60 1.80 8.31 .. .. 3.72 7.34 
  0.29* 

(1.95) 

-0.12 

(-0.78) 

-0.13 

(-0.49) 

-0.46** 

(-2.17) 

-0.41* 

(-1.77) 

0.48 

(1.59) 

0.09 

(0.51) 

-0.56*** 

(-3.91) 

0.10 

(1.05) 

z  -0.42 1 1 -2.70 -2.38 1 1 -3.54 1 

Constant -8.84*** 

(-13.12) 

-6.87*** 

(-6.66) 

0.01 

(0.01) 

-2.21*** 

(-3.55) 

-0.04 

(-0.42) 

-3.12 

(-1.13) 

-6.57*** 

(-5.92) 

-0.27 

(-0.89) 

-0.20*** 

(-195338.9) 

f  .. 0.53*** 

(6.69) 

0.04 

(0.31) 

.. 0.06 

(0.66) 

0.06 

(1.34) 

.. 0.07 

(0.80) 

0.26*** 

(3.80) 

w  0.51*** 

(6.23) 

.. 0.65*** 

(7.12) 

0.31*** 

(4.28) 

.. 0.61*** 

(17.80) 

0.19** 

(1.99) 

.. 0.59*** 

(12.82) 

r  -0.04 

(-0.64) 

0.59*** 

(7.82) 

.. -0.04 

(0.68) 

1.22*** 

(11.33) 

.. 0.24* 

(0.08) 

0.97*** 

(12.35) 

.. 

Log Likelihood 60.189 50.126 43.301 33.683 47.548 74.115 44.341 51.116 68.027 

Diagnostic tests 

Ljung-Box Q  18.645 

(0.230) 

17.597 

(0.284) 

18.022 

(0.262) 

16.668 

(0.339) 

16.357 

(0.359) 

14.807 

(0.465) 

16.980 

(0.320) 

12.941 

(0.607) 

19.245 

(0.203) 

ARCH (F 

statistics) 

1.525 

(0.221) 

0.224 

(0.637) 

1.098 

(0.298) 

6.89*10-6 

(0.998) 

0.021 

(0.884) 

0.249 

(0.619) 

0.780 

(0.380) 

0.093 

(0.762) 

1.334 

(0.252) 

Jarque-Bera 1.439 

(0.487) 

0.006 

(0.996) 

0.749 

(0.687) 

2.379 

(0.304) 

4.275 

(0.118) 

1.623 

(0.444) 

1.267 

(0.531) 

0.954 

(0.621) 

0.258 

(0.879) 

Notes: z-statistics are given within brackets.***denotes significance at the 1% level, **denotes significance at the 5% level and *denotes significance at the 10% level. 

Half-life for market I is equal to ln(0.5)/ln i . The value of z is stated as equal to one for all the markets in which the coefficient  was found statistically non-

significant.  
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A value of iz greater than one indicates that there is a negative asymmetry, whilst a 

value of less than one indicates positive asymmetry. The value of the coefficient ( iz ) 

equal to one indicates that there is no asymmetry. According to the estimated iz  for this 

study, the asymmetry is always positive for vegetable markets, which have an 

asymmetric volatility transmission process. This implies that positive innovations 

increased volatility more than negative innovations, suggesting that a positive shock to 

prices increases the next period volatility more than does a negative shock. For 

example, volatility response to good news is 2.70 higher than that for bad news in the 

bean farm-gate market. As suggested by Buguk et al. (2003), this could be an indication 

of the presence of market power in the vegetable market. 

Considering the volatility spill-over effect between markets, it is obvious that volatility 

in the wholesale market spills over to both farm-gate and retail markets for all 

vegetables.32 Further, the results confirmed that there is a bi-directional volatility spill-

over between wholesale and retail markets of all the vegetables under investigation. As 

noted earlier, volatility spill-over between markets is good for spreading the risk of 

farming and for policy interventions. Precisely, volatility spill-over across markets 

indicates that markets are connected and hence the benefit of price stabilization 

interventions will automatically pass on to other levels. 

However, there is no direct volatility transmission between farm-gate and retail markets. 

In fact, as indicated by Table 7.7, the coefficients corresponding to volatility spill-over 

from farm-gate to other markets are not as significant as the coefficients for volatility 

spill-over from the wholesale market to other markets or from the retail to the wholesale 

market. This indicates that volatility transmission from the farm-gate market to other 

                                                           
32The parameters f , w  and r  in Table 7.7 respectively denote the spill-over effect from farm-gate, 

wholesale and retail market to the other markets. 
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markets was weak. This lack of bi-directional volatility spill-over, or the presence of 

unidirectional volatility spill-over between markets, is known as the lack of feedback 

effect. In this analysis, this suggests that shocks to farmer’s price are not transmitted to 

the consumer due to the lesser degree of price integration between the farm-gate and the 

other marketing levels. The lack of feedback effect could be a result of the absence or 

lack of direct price negotiation between farmer and retailer or the existence of market 

power in the supply chain. In relation to the Sri Lankan vegetable market, the reason for 

the presence of a weak feedback effect could be the presence of highly empowered 

wholesalers in the DECs who hamper the direct contact between farmers and retailers.  

This weak transmission of volatility from farm-gate to other levels could affect both 

consumers and producers. Weak price volatility transmission is an indication of weak 

linkage between markets. Due to this weak linkage, it can be argued that outcomes of 

price stabilization techniques that are implemented at the farm-gate level do not transmit 

to the rest of the chain. The effect of these price stabilization strategies will create only 

an isolated effect and will not benefit consumers. 

One way of improving the information flow between farmer and retailer could be to 

implement contract farming or the development of supermarket channels, where 

demand changes are directly conveyed to farmers and supply changes are directly 

conveyed to retailers without distortions. In addition to enhancing the information flow 

between the retailer and the farmer, producing for supermarkets under a contract helps 

farmers minimize excess volatility. This option has been shown to generate stable prices 

for vegetables in Madagascar (Minten et al., 2009). Yet, as mentioned previously, 

contracting with supermarkets is not an easy task for many small farmers due to the 

standards imposed by supermarkets on products and the small quantity they require. The 

other option would be to form producer organizations to increase the bargaining power 

of farmers and stabilize the farm-gate price (Assefa et al., 2014). 
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Having discussed the nature of both transmissions of price, and price variance across 

markets, the empirical analysis was then extended to calculate the farmer’s share of the 

retail price of vegetables, as the analysis of assessing market inefficiencies in the 

vegetable marketing system would be incomplete if the study does not evaluate the 

farmer’s share of the retail food price.  

7.5.4 THE FARMER’S SHARE OF THE RETAIL PRICE 

Farmers are affected by price inefficiencies in the marketing system in two ways. Being 

consumers of food, they are affected by high food prices; being producers, they are 

affected by low farm-gate price or low income. In order to evaluate whether they get a 

fairer share in return for what they produce, this section of the chapter estimates the 

farmer’s share of the retail price of food commodities. Although this indicator alone 

cannot be used to comment on the profitability of the farming, the farmer’s welfare or 

the change in their welfare (Brester et al., 2009), there is no harm in using it along with 

the cost of production and marketing to evaluate the fairness of trade. Theoretically, in 

an efficient marketing system, the share that each of the agents receives from one 

currency unit spent on food by a consumer should reflect the value addition by each of 

these agents to the primary product. Since there is minimal or zero processing for 

vegetables in Sri Lanka, it is reasonable to expect that farmers get a higher share of the 

retail price. Specifically, if farmer gets a lower share of the retail price for the 

vegetables they cultivate or unfair share of the retail price of vegetables, it suggests that 

they are not getting a fair profit to cover their cost and hence vulnerable to deprivation 

of basic needs including food. 

To calculate the farmer’s share, the farm-gate prices of a few vegetables were obtained 

from the Dambulla DEC. Farm-gate prices at the DEC were not generally available in 

the public domain. However, centre management collect this data and through a request, 

the relevant data were obtained from the centre management. The Colombo retail prices 
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for the same vegetables were obtained from the Department of Census and Statistics. 

Since daily retail prices at the Colombo market were not available, daily farm-gate 

prices at the Dambulla DEC were converted to weekly vegetable prices prior to the 

analysis for the study period of April 2011 to June 2012. The average farmer’s shares of 

the retail price for selected vegetables for the study period are reported in Table 7.8.  

Table 7.8: The average, maximum and minimum farmer’s share of the retail price, 

2011-2012 

 Average Maximum Minimum  

Bean 62.2% 98.2% 26.5% 

Brinjal 37.58% 90.5% 8.5% 

Carrot 58.26% 24.5% 86.5% 

Cabbage 34.46% 68.2% 7.5% 

Tomato 39.61 63.0% 13.5% 

 

According to Table 7.8 the average farmer’s share of the selected vegetables ranges 

between 34.46% and 62.02%. This indicates that farmers received between 0.35 cents to 

0.62 cents from each rupee that was spent by consumers to buy different types of 

vegetables. The highest was recorded for beans, while the lowest was recorded for 

brinjal. One of the reasons for the high value for carrot and bean, and low value for 

cabbage, tomato and brinjal is the difference in the shelf life of these vegetables. For 

example, compared to brinjal and cabbages, carrots and beans have a long shelf life and 

hence, farmers can restrain from selling them whenever prices are too low. Farmers 

cannot do this for brinjal, tomatoes and cabbages since they have a very short shelf life 

and are very susceptible to physical damage. Therefore, it is possible that middlemen 

make a large profit by selling vegetables with a low shelf life.  

Compared with the value of farmer’s share of retail price in developing countries that of 

in developed countries in the world, it is apparent that the farmer’s share of the retail 
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price is higher in developing countries than it is in developed countries due to the 

minimum value addition to vegetables by marketing agents in developing countries. For 

example, farmer’s share in USA is around 15.8% (National Farmers Union, USA, 

2014), while the farmer’s share in India ranges between 25% and 60% (Reddy et al., 

2010; Murthy et al., 2012) and farmer’s share in Ethiopia is approximately 80% of the 

retail prices of cereals (Minten et al., 2013).  Comparing the value for Sri Lanka with 

these figures, it is obvious that the farmer’s share of the retail price of Sri Lankan 

vegetables is higher than that for USA but lower than that experienced in African 

countries. Note that this does not mean African and Asian farmers are better at 

producing vegetables than are US farmers. It is because this value is only an indication 

of the gross return, and is not about the net return of farming or profitability of farming. 

Due to the high cost of production, even though the farmers get a higher share of the 

retail price, it is possible that they still may not achieve the break-even point, due to the 

labour intensiveness and small-scale operations characteristics of the industry.  

The next notable feature of the farmer’s share of the retail price analysis is that the 

average figure hides the large variation in the farmer’s share for the observed period. 

For example, even though the average farmer’s price share for beans was around 

62.02%, for some weeks it was as low as 26%, whilst for other weeks it was as high as 

98% during the study period. This variation in farmer’s share has been identified as a 

leading cause for the higher malnutrition rate among farming households during the 

growing season as compared to the harvesting season (SECALINE, 1996 as referred to 

in Minten (1999)).  

Even though factors which governs this cyclical price volatility need to be studied 

separately to come up with measures to reduce the price volatility at the farm-gate level, 

from the field visit to DECs it is apparent that wholesalers too can intervene and reduce 

farm-gate price volatility to some extent”. For example, if wholesalers actively 
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participate in the price negotiation process, they can ensure a better farm-gate price or 

reduce exploitation of farmers. However, at present, wholesalers in DEC do not show 

any kind of motivation to negotiate for a higher price with buyers for farm-products as 

their commission is fixed for a certain price range (see Table 7.1). If their commission 

could be set as a rate of the farm-gate price, rather than a fixed amount, their incentive 

to bargain for a better farm-gate price could be enhanced 

7.6 CONCLUDING REMARKS 

In this chapter, price linkages between different market levels of vegetables have been 

examined with respect to price and the variance of price (volatility). The empirical 

results evidenced a strong linkage between the wholesale and the retail vegetable market 

in Sri Lanka. In particular, the results confirmed that the main wholesale and retail 

vegetable markets in Sri Lanka are integrated and there is no asymmetry in the price 

transmission process, meaning that both price increases and price decreases in the 

wholesale market (the Dambulla DEC) create the same impact at the retail market 

(Colombo market). This could be due to the more organized nature of the wholesale 

vegetable marketing system in Sri Lanka.  

Turning to the volatility analysis, the results suggested that the volatility in the 

vegetable market is considerably high and thus, inefficiency in vegetable markets poses 

a threat to the food security of farmers in North Central province where majority of the 

low country vegetable cultivation is taking place. In particular it disturbs the stable 

income of farmers, ultimately leading to transitory food insecurity situations. Even 

though the general intervention for volatility reduction, such as trade and buffer stock, 

are not feasible for reducing the volatility in vegetable prices, as vegetables are 

perishable products, improving the flow of market information across markets and 

planning production to eliminate surplus during harvesting season and deficit in off 

seasons could be helpful. The EGARCH model estimates indicated that there is a bi-
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directional volatility transmission between the wholesale and retail markets. This may 

be due to the direct communication between wholesalers and retailers and their equal 

decision power. However, it was found that the volatility transmission between the 

farm-gate and the wholesale market is unidirectional, where only the volatility arising in 

the wholesale market is transmitted to the farm-gate level. Further, it was revealed that 

there is no direct volatility transmission between the farm-gate and the retail level, 

except in the carrots market. This may be due to the lack of direct communication 

between farmers and retailers in the supply chain.  

The last empirical analysis carried out in this chapter on the farmer’s share of the retail 

food prices indicated that the farmer’s share is relatively high, given the zero value 

addition in the supply chain. However, estimates of the farmer’s share of the retail price 

indicate that the farmer’s share of the retail food price varies between months, and that 

during harvesting, farmers receive a lower share of the retail price. In summary, 

empirical analysis of this chapter suggests that the vegetable market in Sri Lanka is 

fairly efficient in terms of price linkages between markets, even though there is a lack of 

volatility transmission between farm-gate and the retail level.  

Following the rice and vegetable market’s efficiency discussions, the next chapter of 

this thesis will discuss market integration and the presence APT in the Sri Lankan fish 

market, and their implications for food security. 
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CHAPTER 8 EFFICIENCY IN THE FISH MARKETING 

SYSTEM AND IMPLICATION FOR FOOD SECURITY 

 

8.1 INTRODUCTION 

This chapter, the last of the empirical chapter series, assesses market integration and the 

presence APT in the fish market, and their implications for food security.  

The structure of the chapter is as follows. Section 8.2 provides an overview of the 

importance of fish in the Sri Lankan diet. Section 8.3 provides a snapshot of its current 

production status in the country and outlines the structure and operation of the fish 

marketing system. Section 8.4 provides a description of the data and study samples. 

Section 8.5 presents the results of the empirical analysis undertaken to assess market 

integration, the presence of APT, and their implications for food security. Towards this, 

section 8.5.1 presents the estimation results of the TAR and the AECM models, while 

section 8.5.2 discusses the food security impacts associated with these inefficiencies. 

Section 8.6 summarizes the chapter.  

8.2 BACKGROUND 

Fish, which provides the great majority of animal protein to Sri Lankans, is their most 

preferred protein source (Jayasinghe, 1995; Gestsson et al., 2010). Its popularity has 

risen in the community due to its lower price, compared to other animal protein sources 

such as meat, and to cultural reasons where meat consumption is discouraged (De Silva 

et al., 2010). Considering the nutritional profile of fish, the daily average consumption 

of 36.6g of fish by a Sri Lankan in 2011 accounted for 35% of the calorie intake from 

animal-based food. The respective figures for protein and fat were 55% and 20.4% 

(Ministry of Economic Development, 2012). Fish also provides healthy omega-3 long-
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chain polyunsaturated fatty acids and a wide array of highly bio available micronutrients 

which in turn make fish a superior animal nutrition, compared to other food groups 

(McManus & Newton, 2011). The superiority of fish as a nutrition source is further 

enhanced by the high bio-availability of the micronutrients such as Zinc (Zn) and Iron 

(Fe) in fish, compared to food of vegetable origins (Karunaratne et al., 2008; 

Seneviratne et al., 2012). Fish is also an enhancer of the absorption of micronutrients in 

other food items consumed in the same meal (Kawarazuka & Béné, 2011; Miller & 

Welch, 2013). Therefore fish is seen as both a good nutritional source and a 

complement to rice based meals.  

However, despite this high nutritional value, per capita fish consumption in Sri Lanka 

still remains far below the recommended level (Ministry of Fisheries and Aquatic 

Resources Development Sri Lanka, 2013). Fish consumption has to be raised from its 

current level of 13kg to 22kg per year in order to reach the recommended level of intake 

(Ministry of Fisheries and Aquatic Resources Development Sri Lanka, 2013). As 

indicated by the Ministry of Fisheries and Aquatic Resources Development Sri Lanka 

(2014), there is an upward trend in per capita fish consumption in Sri Lanka, similar to 

many Asian countries where the demand for animal-sourced food products as a whole is 

rapidly increasing. In keeping with this increasing demand for fish, there is a great 

potential to boost the country’s fish supply, with the end of thirty years of civil war in 

2009. The war was mainly in the North and North East regions of the country, where 

there were a few fish landing sites. This created an enormous effect on fish supply in the 

country. Thus, with the end of the war and the accompanying relaxation of restrictions 

on fishing (Lindberg & Herath, 2014), as well as developments in infrastructure, there is 

significant room for high growth in both the supply and the consumption of fish. If this 

supply boost can be coupled with enhancement in the fish markets, the contribution of 

fish to alleviate food insecurity in the country will increased.  
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8.3 SYNOPSIS OF FISH PRODUCTION AND FISH MARKETING 

SYSTEM IN SRI LANKA 

Being an island, Sri Lanka has been blessed with a large marine fishery resource base 

comprising a territorial sea of 21,500 km and an exclusive economic zone (EEZ) of 

517,000 km. There is also a freshwater and brackish water resource base comprising 

around 260,000 ha of large, medium and minor irrigation reservoirs, seasonal tanks, 

flood lakes, upland reservoirs and the Mahaweli Reservoir Basin (Ministry of Fisheries 

and Aquatic Resources Development Sri Lanka).  

Capitalizing on this large resource base, the Sri Lankan fishery sector has been 

developed into three main streams: coastal; offshore and deep sea; and inland and 

aquaculture. Of these three, the first two subsectors are together known as marine 

fisheries; they contributed to over 86% of the total national fish production of 486,170 

Mt in 2012. The inland and aquaculture sector accounted for the rest (Ministry of 

Fisheries and Aquatic Resources Development Sri Lanka, 2014). Compared with the 

production levels 50 years ago, the production of both marine and inland fish is very 

high, having increased enormously over the last five decades (Figure 8.1). The growth 

of the inland fishery sector in particular has been remarkable since the capture-based 

fisheries practices were introduced in the 1980s (Amarasinghe, 2006). This sector has 

made a remarkable contribution to the fish consumption levels of the poor in the North 

Central districts of the country (Murray et al., 2000).  
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Figure 8-1: Production of fish in (Mt) by Marine and Inland & Aquaculture sub-sectors 

in Sri Lanka 

Source: Drawn based on data from the Ministry of Fisheries and Aquatic Resources 

Development Sri Lanka (2014) 

 

Geographically, marine fishing is predominantly taking place in the coastal areas in the 

south of the country while the inland fishing is mainly taking place in central parts of 

the country (Table 8.1). As the table indicates, even though inland fishery is practised in 

25 districts, supply levels has exceeded the level of 10000 Mt in only three districts, 

suggesting that the contribution of marine fish to the total fish supply still outweighs the 

contribution of inland fishing. Therefore, the majority of the Sri Lankan people who 

reside outside of these production areas rely mainly on marine fish distributional 

channels for their fish requirements, which is discussed in 8.3.1.  
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Table 8.1: Fish production by districts, Sri Lanka, 2012 (Mt) 

 

District Marine fisheries Inland fisheries Total 
Colombo 2970 350 3240 

Kaluthara 52610 600 53020 

Gampaha 35990 750 36510 

Kandy .. 1650 920 

Matale .. 2500 2130 

Nuwara-Eliya .. 1200 980 

Galle 27410 375 27650 

Matara 48380 600 48760 

Hambanthota 27320 6100 31840 

Jaffna 32400 120 32400 

Mannar 13450 750 13810 

Vavunia .. 1100 830 

Mullaitivu 6790 1300 7580 

Kilinochchi 6700 1250 7530 

Batticaloa 35690 1200 36370 

Ampara 23410 6400 30350 

Trincomalee 36410 3100 38080 

Kurunegala .. 5000 5180 

Puttalam 67690 12100 73910 

Anuradhapura .. 19120 14340 

Polonnaruwa .. 18600 12870 

Badulla .. 2100 1650 

Monaragala .. 5000 3670 

Ratnapura .. 3500 2530 

Kegalle .. 35 20 

Source:Ministry of Fisheries and Aquatic Resources Development Sri Lanka (2014) 

 

8.3.1 FISH MARKETING SYSTEM IN THE COUNTRY 

In Sri Lanka, 90% of the marine fish marketing system is handled by the private sector 

and only 10% by the Government agency Ceylon Fisheries Cooperation (CFC) 

(Atapattu, 1996; Ministry of Fisheries and Aquatic Resources Development Sri Lanka, 

2013).The fish marketing system comprises mainly fisherman, assemblers, commission 

men, wholesalers at the Central market in Colombo, and fish retailers. There are around 

218,550 small-scale fishermen in the country, most of them using small out-board 

engines for coastal fishing. Once these boats bring the catch to the fish landing 

centres,33 there are two avenues for consignment to the urban wholesale markets, 

including the Colombo Central Market (Peliyagoda Central Fish Market (PCFM)). In 

                                                           
33Landing centres include 13 harbours, 18 anchorages and 1029 minor landing sites 
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the first, most common avenue, fish is auctioned at the fish markets at the landing sites, 

where the private traders (wholesalers) and the CFC bid on the catch.34 Although the 

CFC tends to offer a higher price for the fish (Arunathilake et al., 2008), it procures a 

relatively small share of the catch, due to its limited capacity. The good quality fish 

procured by the private sector is consigned to the PCFM35 and the other urban 

wholesale markets, while lesser quality fish is resold to local retailers at the beach 

(Atapattu, 1996). Part of this lesser quality catch is destined for the dry fish makers.  

Part of the fish stock brought by the CFC is consigned to the CFC’s retail outlets, where 

fish is sold at lower prices than at the privately owned retail outlets. The rest is sent to 

the processing plants. Even though it is a generally held opinion that fishermen are not 

exploited in these auctions, in some areas middlemen organize into groups and decide 

on a bidding price, which leaves fishermen disadvantaged (Figure 8.2).  

In the second avenue, fish is consigned to the PCFM without being auctioned at the fish 

market. This pattern has developed mainly to avoid auctions, so that middlemen can 

take undue benefits. This channel largely comprises middlemen who provide capital 

inputs to fishermen. In return for their investment, these middlemen expect fishermen to 

sell their products only to them. Once they get the catch, they will sell it either to 

transporters who consign it to the PCFM or directly to the retailers. In some instances, 

urban wholesalers also finance assemblers and fishermen, so that there is a secure stable 

supply to them (Arunathilake et al., 2008).  

There are 154 wholesale stalls and 15 retail stalls in the structure and operation of the 

PCFM. It is the national hub of the fish trade and is supplied with fish from around the 

country. Usually, fish brought to the PCFM is resold either to wholesalers from other 

                                                           
34 Fish auction operated in eight fishing harbours in the country (Gestsson et al., 2010).  
35Earlier the main fish wholesale market which was known as the St.John’s fish market was located in 

central Colombo Area. 
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non-producing regions or to retailers, on the same day, since there is little or no storage 

in the domestic fish supply chain. If there is unsold stock, it will be sold to make dried 

fish.  

Retailing of fish is carried out in both privately owned fish stalls and CFC outlets. There 

are also fish vendors who perform door-to-door selling, using their own push bicycles 

and motor cycles (Jayantha & Hideki, 2006). The most common feature of these 

retailers is they have hardly any communication with either fishermen or wholesalers, as 

most of them buy their product from a transporter or a large retailer.  

 

 

 

 

 

 

 

 

 

 

 

Source: Based on the literature Arunathilake et al. (2008) 
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Figure 8-2: Fish marketing channels in Sri Lanka 
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The next section discusses the methodology and data sources used in assessing market 

integration and the presence of asymmetry (APT) in the price transmission process.  

8.4 DATA AND THE STUDY SAMPLES 

To assess market integration between the wholesale and the retail fish marketing 

system, and the presence of APT, three fish species were studied: jack trevallies, 

skipjack tuna, and requiem sharks. Scientific names and the local names of these fish 

species are listed in Table 8.2. These fish species are the most abundant and most 

commonly consumed in Sri Lanka. For example, skipjack tuna had the highest 

consumed large fish rate in Sri Lanka in 2012–2013, followed by seer (Scomberomorus 

guttatus), jack trevallies and requiem sharks (Department of Census and Statistics, 

2013a). Skipjack tuna recorded the highest individual production level in 2012, with 

production of 53,410Mt. Production of jack trevallies and requiem sharks respectively 

were 24,580 Mt and 9230 Mt for the same year (Ministry of Fisheries and Aquatic 

Resources Development Sri Lanka, 2014). 

Table 8.2: Scientific and local names of the selected fish species of the study, with 

consumption and production share for each 

English 

name 

Scientific name Local 

name 

Share of total 

large fish 

consumption (%)    

Production as a 

share of total 

marine fisheries 

(%) 

Requiem 

sharks 

Carcharhinus 

falciformis 

Mora 2.26 1.37 

Jack 

trevallies 

Carangoides 

gymnostethus 

Paraw 8.58 4.27 

Skipjack 

tuna 

Katsuwonus 

pelamis 

Balaya 23.05 17.38 

Source: Department of Census and Statistics (2013a); Ministry of Fisheries and Aquatic 

Resources Development Sri Lanka (2014) 

 

In assessing market integration and the presence of APT in the fish market, the analysis 

utilizes the Department of Census and Statistics data on monthly wholesale and retail 
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fish prices at the PCFM for these three fish species from January 2000 to December 

2011 to estimate the threshold model. Even though daily or at least weekly fish prices of 

would be more appropriate for the analysis, due to the non-availability of such data, the 

analysis relied on monthly fish prices. To assess food security impacts associated with 

the presence of APT, the analysis uses the analytical model developed in Chapter 6. 

8.5 EMPIRICAL RESULTS 

The first sub-section (8.5.1) presents the TAR model estimation results. Sub-section 

8.5.2 presents the results of the estimates derived by simulating the analytical model 

developed in Chapter 6 with the empirical results for the fish market.  

8.5.1 THE TAR MODEL ESTIMATION 

Before estimating the TAR model, two tests were conducted to determine the presence 

of unit root in the data set and the direction of the price movement between the 

wholesale and retail fish markets. The results of these pre-tests are discussed in the next 

few paragraphs: first, the results of the ADF test estimation; (see Table 8.3); second, the 

results of the Granger causality test (see Table 8.4). 

According to Table 8.3, the ADF test statistics confirm that both the wholesale and 

retail market prices are stationary in their level form for all the fish species except for 

the requiem sharks. For requiem sharks, both the wholesale and the retail price series 

are non-stationary in their level form but stationary in the first difference. 
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Table 8.3: ADF test results on fish prices 

 Level First difference 

 No constant Constant Constant 

and 

Intercept 

No constant Constant Constant and 

Intercept 

 Fish species: Skipjack tuna 

wP  -0.153 

(0.629) 

-1.638 

(0.461) 

-3.246* 

(0.080) 

-11.182*** 

(0.000) 

-11.180*** 

(0.000) 

-11.145*** 

(0.000) 

rP   1.261 

(0.947) 

-0.487 

(0.889)  

-3.779** 

(0.021) 

-10.661*** 

(0.000) 

-10.829*** 

(0.000) 

-10.811*** 

(0.000) 

 Fish species: Jack trevallies 

wP  0.052 

(0.698) 

-1.455 

(0.554) 

-3.269* 

( 0.076) 

-12.069*** 

( 0.000) 

-12.083*** 

( 0.000) 

-12.041*** 

(0.000) 

rP   1.260 

( 0.947) 

-0.440 

(0.898) 

-3.743** 

(0.023) 

-9.462*** 

(0.000) 

-9.843*** 

(0.000) 

-9.867*** 

( 0.000) 

 Fish species: Requiem sharks 

wP  0.280 

(0.766) 

-1.256 

( 0.648) 

-3.050 

(0.122) 

-9.103*** 

(0.000) 

-9.199*** 

(0.000) 

-9.165*** 

(0.000) 

rP  3.800 

( 1.000) 

0.958 

(0.996) 

-1.776 

(0.711) 

-10.461*** 

(0.000) 

-11.554*** 

(0.000) 

-11.680*** 

(0.000) 

Notes: *denotes significance at the 10% level, **denotes significance at the 5% level and **denotes 

significance at the 1% level. p-values are given within brackets. 

 

The Granger causality test suggests there is a unidirectional price movement from the 

retail to the wholesale market for skipjack tuna while there is a unidirectional price 

change movement from the wholesale to the retail market for requiem sharks. The 

Granger causality test statistics are not significant for jack trevallies (Table 8.4). 

Therefore, given the inconclusiveness of this test results, the direction of the price 

movement between the wholesale and retail fish market for jack trevallies is assumed to 

be unidirectional and transmitted from the retail to the wholesale market. 
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Table 8.4: Granger causality test results 

Null Hypothesis F-Statistics 

 

Fish species: Skipjack tuna 

wP does not cause 
rP  0.876 

0.419 

rP does not cause wP   4.002** 

0.020 

Fish species: Jack trevallies 

wP does not cause 
rP  0.246 

(0.782) 

rP does not cause wP  1.090 

(0.339) 

Fish species: Requiem sharks 

wP does not cause rP  7.627*** 

(0.000) 

rP does not cause wP  0.780 

(0.460) 

Notes: The term wP represents price changes at the wholesale market; the term rP  represents the price 

changes at the retail market.  

*** denotes significance at the 1% level and **denotes significance at the 5% level. p-values are given 

within brackets. 

 

Once the direction of the price change movement was identified, a series of TAR and 

M-TAR Models was estimated. The best models with the appropriate lag length were 

selected based on the values of AIC and SC. Accordingly, a TAR model augmented 

with one lagged change in the 

 1t  was selected for the fish species skipjack tuna 

(Table 8.5), whilst the TAR model with no lag change was selected for jack trevallies. 

For requiem sharks, the most appropriate model selected based on the AIC and SC 

values was the M-TAR model with no lag change.  

As presented in Table 8.5, the coefficients for adjustment speeds are negative and 

(1+ 1 ) (1+ 2 ) <1. Thus they fulfil the conditions required to be considered for market 

integration. However, the F-statistic for the null hypothesis, 021    of the TAR 

model for Skipjack tuna(4.33) is below the critical   value provided by Enders and 

Siklos (4.99), suggesting that the null hypothesis cannot be rejected. It is concluded that 

the wholesale and retail markets for skipjack tuna are non-integrated. 
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Table 8.5: The TAR model estimation results 

Parameters Skipjack tuna Jack trevallies Requiem sharks 

 TAR TAR M-TAR 


1t  -0.147** 

(0.08) 

-0.037 

(0.049) 

-0.115** 

(0.058) 


1t  -0.110* 

(0.07) 

-0.332 

(0.073) 

-0.145** 

(0.073) 

D 1t  0.047 

(0.086) 

.. .. 

AIC 8.804 9.413 9.109 

SC  8.867 9.455 9.151 

D-W statistics 2.004 1.869 2.112 

Number of observations 142 143 142 

Post testing 

Ljung-Box Q statistics 57.798 

(0.012) 

43.214 

(0.190) 

27.903 

(0.831) 

F Statistics (null 021   )a 4.331 

(0.0150) 

10.516 

(0.0001) 

3.966 

(0.021) 

F Statistics (null 21   ) 0.157 

(0.693) 

11.138 

(0.001) 

0.104 

(0.747) 

Notes:*** denotes significance at the 1% level, ** denotes significance at the 5% level and * denotes 

significance at the 10% level. Standard errors are given within brackets.  

The critical   values provided by Enders and Skilos for a sample of 100 are 5.01, 5.98 and 8.24 for TAR 

model with no lag and 4.99, 6.01 and 8.30 for TAR model with one lag respectively at the 10%, 5% and 

1%. The critical  values for the M-TAR model with no lags are 5.45, 6.73 and 8.78 at the 10%, 5% and 

1% significance level respectively.  

 

For the fish species requiem sharks the sample F-statistic for the null hypothesis, 

21   , is 3.40. This is also below the critical  value of 5.45 for a sample of 100 at 

the 10% significance level. Therefore the null hypothesis is not rejected and, in turn, the 

wholesale and the retail markets for requiem sharks are also considered to be non-

integrated (segmented). For jack trevallies, the estimated F statistic (10.56) for the null 

hypothesis, which postulates that both the adjustment speeds are not significantly 

different from zero, is greater than the critical  value (8.24) at the 1% level. Thus, the 

null hypothesis of 021   is rejected, indicating that the wholesale and the retail 

markets for jack trevallies are integrated and thus, price changes move between the two 

markets. 
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One reason for having non-integrated markets for two fish species could be a lack of 

organization in the fish marketing system. As noted earlier, fish producers barely have 

any contact with wholesalers or retailers. Further, the fish retail industry comprises a 

large number of individuals who practise door-to-door selling. Since they operate on a 

very small scale and have no storage facilities, their main objective is to sell all that they 

bought from the market during the day. Due to their lack of power in the supply chain, 

they try to make only enough profit to earn their living, rather than actively participating 

in price negotiation and the price setting process.  

Since the analysis concluded that the two markets for skipjack tuna and requiem sharks 

are not integrated, the F-statistic which corresponds to the hypothesis 21    no longer 

needs to be tested for these two fish species. However, as the wholesale and retail 

markets for jack trevallies are found to be integrated, the equality in adjustment 

coefficients for jack trevallies was checked next. The estimated F statistic for the sample 

is 11.14 and the probability value is 0.001. Thus, the null hypothesis of 21    is 

rejected at the 1% level, indicating that price transmission between the wholesale and 

the retail markets for jack trevallies is asymmetric. Specifically, the adjustment speed 

corresponding to the retail-wholesale margin squeezing ( 2 ) is greater than the 

adjustment speed corresponding to retail-wholesale margin expansion ( 1 ). Given the 

assumed direction of the price change movement, from the retail market to the 

wholesale market, margin squeezing represented retail price decreases, while market 

expansion represented retail price increases at the market. Therefore, the empirical 

results provide evidence for the presence of asymmetry in the jack trevallies market, 

where price increases at the retail level are transmitted to the wholesale market at a 

faster rate than price decreases at the retail market level are transmitted to the wholesale 

level. 
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Since the data covered a lengthy time period, the study considered the possibility of 

non-constant parameters over the years and hence the Quandt-Andrews breakpoint test 

of parameter stability was performed on the estimated threshold models. The results of 

the test are reported in Table 8.6. 

Table 8.6: The Quandt-Andrews breakpoint test statistics for fish varieties under 

investigation 

Statistics Value Value Value 

 Skipjack tuna Jack trevallies Requiem sharks 

Max. LR F-stat 36.207 

(0.000) 

30.237 

(0.000) 

3.401 

(0.315) 

Max. Wald F-stat 108.621 

(0.000) 

60.474 

(0.000) 

6.803 

(0.315) 

Exp LR F-stat 13.508 

(1.000) 

10.548 

(0.000) 

0.246 

(0.866) 

Exp Wald F-stat 49.716 

(1.000) 

25.633 

(0.000) 

0.685 

(0.724) 

Ave LR F-stat 1.090 

(0.342) 

1.154 

(0.304) 

0.406 

(0.869) 

Ave Wald F-Stat 3.271 

(0.342) 

2.307 

(0.304) 

0.812 

(0.869) 

Note: p-values are given within brackets. 

The Quandt-Andrews breakpoint test statistics for requiem sharks straightaway 

confirmed that there were no structural breaks in the dataset. However, the test statistics 

for the other fish species are quite ambiguous. For skipjack tuna, while two of the test 

statistics (Ave LR F-stat, Wald F-stat) did not reject the null hypothesis of no structural 

break, one test statistic (Max. LR F-stat) rejected the null hypothesis of no break in the 

dataset. For jack trevallies, two of the Quandt-Andrews breakpoint test statistics 

confirmed that there was a structural break, while only one of the test statistics did not 

reject the null hypothesis of no break in the dataset. Since only one of the three test 

statistics of the Quandt-Andrews breakpoint test rejected the null hypothesis, the 

analysis concluded that the requiem sharks data set did not have break points. Since two 

of the three statistics of the Quandt-Andrews breakpoint test rejected the null hypothesis 

for jack trevallies, it was concluded that the dataset for jack trevallies has either one or 
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more break points. To find out the exact number and the locations of the structural 

breaks, the Bai-Perron breakpoint test was conducted on the estimated TAR model. The 

test statistics confirmed that there were two breakpoints in the dataset: December 2006; 

January 2009. Therefore, the study divided the whole jack trevally data set (Jan 2000 

to11 Dec 2011) into three and ran the threshold models separately to these three sub-

samples: first, January 2000 to November 2006; second, December 2006 to December 

2008;third, January 2009 to December 2011. However, due to inconsistency in the level 

of integration in the unit root test for wholesale and retail prices, the second and the 

third sub-samples were removed from the analysis. The ADF test statistics and the 

Granger causality test statistics for jack trevallies for the first sub-sample period are 

reported in Table 8.7. 

Table 8.7: ADF test statistics on wholesale and retail prices of jack trevallies for the 

first sub-sample period 

 Level First difference 

 No 

constant 

Constant Constant 

and 

Intercept 

No 

constant 

Constant Constant 

and 

Intercept 

wP  0.112 

(0.715) 

-2.786* 

(0.065) 

-4.296*** 

(0.005) 

-7.102*** 

(0.000) 

-7.125*** 

( 0.000) 

-7.052*** 

(0.000) 

rP   0.576 

(0.839) 

-1.623 

(0.466) 

-4.012** 

(0.012) 

-7.961*** 

(0.000) 

-7.981*** 

(0.000) 

-7.929*** 

( 0.000) 

Notes:***denotes significance at the 1% level, **denotes significance at the 5% level and *denotes 

significance at the 10% level. p-values are given within brackets. 

Both the wholesale and the retail prices of jack trevallies are found to be stationary in 

their level forms. The results of the Granger causality test are recorded in Table 8.8. 

According to the Granger causality test statistics the null hypothesis that price change at 

the wholesale market does not ‘granger cause’ price change at the retail market is 

rejected at the 10% level. Also the null hypothesis that change in the retail price does 

not ‘granger cause’ change in the wholesale price is rejected at the 5% level.
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Table 8.8: Granger causality test statistics for jack trevallies 

Null Hypothesis F-Statistics 

wp does not cause rp  2.853* 

(0.064) 

rp does not cause wp  4.257** 

(0.018) 

Note:**denotes significance at the 5% level while *denotes significance at the 10% level 

Once the direction of the price change movement was identified, threshold models were 

run on jack trevally data. The best model with the appropriate lag length was selected 

based on AIC and SC values. The test results of the selected M-TAR model with no 

lagged changes of the previous error terms, along with the post estimation results are 

reported in Table 8.9. 

Table 8.9: Threshold Autoregressive Model estimation for the first sub-sample of jack 

trevallies 

Parameters Estimates 


1t  -0.263** 

(0.114) 


1t  -0.608*** 

(0.140) 

AIC 7.435 

SC  7.494 

D-W statistics 1.872 

Number of observations 81 

Post estimation tests  

Ljung-Box Q statistics  

F Statistics (null 021   )a 12.042 

( 0.000) 

F Statistics (null 21   )  3.653* 

(0.060) 

Notes: *** denotes significance at the 1% level, ** denotes significance at the 5% level and * denotes 

significance at the 10% level. Standard errors are given within brackets. 

The critical   values provided by Enders and Skilos for a sample of 100 are 5.45, 6.73 and 8.78 at the 

10%, 5% and 1% significance level respectively.  

 

Both the estimated adjustment speeds are negative and (1+ 1 ) (1+ 2 ) <1. Therefore 

the null hypothesis of no cointegration between the wholesale and the retail prices of 

Jack trevallies was tested by comparing the F-statistic for the estimated sample (12.04) 
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against the critical  value provided by Enders and Siklos. The comparison rejected the 

null hypothesis at the 1% significant level, indicating that the wholesale and the retail 

Jack trevally markets are integrated. Then the equality in adjustment speeds was tested 

using the estimated F-statistic and the probability value. Again the null hypothesis, that 

there is no significant difference between the estimated adjustment coefficients, was 

rejected at the 10% significance level. Comparison of the two adjustment coefficients 

revealed that 12   . Since the Granger causality test suggested that there is a bi-

directional movement of price changes between the wholesale and the retail markets, 

the parameter 1  (margin expansion) reflects both the retail price increases and the 

wholesale price decreases. Consistent with this, the parameter 2 (margin squeezing) 

reflects either retail price decreases or the wholesale price increases. Therefore, the 

higher magnitude for 2 as compared to 1  could in fact suggest two scenarios. First, 

there may be a negative APT in the fish marketing system in which retail price 

decreases are transmitted immediately to the wholesale market, compared to the retail 

price increases. Second, there may be a negative APT in the fish marketing system 

where wholesale price increases are passed down to the retail level immediately, 

compared to the wholesale price decreases. The end results of these two types of 

asymmetries are that either or both consumers and/or wholesalers are negatively 

affected. From a consumer perspective, slow transmission of wholesale price reductions 

delays the consequent consumption increase compared with a symmetric situation. 

From a wholesaler perspective, asymmetry in the price transmission process prevents 

them from receiving benefits of price increases at the retail level. In terms of the 

marketing efficiency, the presence of asymmetry at the retail level delays the 

transmission of demand increase or food scarcity at the retail level to the lower levels. 
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Thus, delays occurring in adjustments to production and supply can then lead to 

lengthier periods of fish scarcity.  

Since the TAR model provides evidence for the presence of asymmetry in the price 

transmission process, the Asymmetric Error Correction Model (AECM) was estimated 

next. The results of the estimation are reported in Table 8.10.  

Table 8.10: Estimation of the Asymmetric Vector Error Correction model for jack 

trevallies 

 (Dependent variable: wtP ) 

Variables Coefficients 


1t  -0.281 

(0.06) 


1t  -0.536 

(0.012) 
r

tP 1  0.124 

(0.255) 
w

tP 1  -0.014 

(0.910) 
r

tP  0.750 

(0.000) 

Constant -1.406 

(0.429) 

AIC criteria 7.505 

D-W statistics 1.869 

Note: p-values are given within brackets. 

The higher coefficient of the positive error terms ( 

1t ) compared to the negative error 

terms ( 

1t ) in the estimated AECM model further confirms that the negative price 

deviations are corrected at a faster rate than the positive price deviations. Accordingly, 

positive price deviations are adjusted within 3.56 months, while the negative price 

deviations are adjusted within 1.86 months. As noted, these delays in restoring 

equilibrium, after a shock which squeezed the market margin between the wholesale 

and the retail levels, could results in negative consequences to both wholesalers and 

consumers. Specifically, from a food security perspective, the presence of retail 
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asymmetry where wholesale price reductions take a longer time to be reflected in the 

retail market, compared to wholesale price increases, creates a negative effect on food 

consumption. However, even though fish consumption will decrease due to the presence 

of APT in the fish marketing system, it is quite possible that people substitute fish with 

other nutrient sources so that there will no or little change in the nutrient intake. The 

food security impacts associated with the presence of asymmetry in the fish marketing 

system were next assessed.   

In this regard, note that even though the presence of asymmetry in the fish marketing 

system affects both consumers as well as wholesalers, only the effect on consumers is 

quantified in this chapter, because the analytical model developed in Chapter 6 cannot 

be simulated to assess the impact of asymmetry on wholesale revenue.  

8.5.2 FOOD SECURITY IMPACTS OF THE PRESENCE OF APT IN THE 

FISH MARKETING SYSTEM 

This section of the chapter estimates the maximum forgone fish consumption of both 

low and high income earners in response to the presence of APT in the fish marketing 

system.  

In estimating the model developed in Chapter 6, the price elasticity of jack trevallies 

was set at -0.96 for low income earners and -0.98 for high income earners. These 

elasticity estimates were taken from the Dey et al. (2008) study on estimating price and 

income elasticity of fish in Asian countries, and the two adjustment speeds, 1  and 2 , 

were taken from the AECM estimation results. With this information, the maximum 

forgone consumption associated with an average wholesale price decrease of 8.34% was 

estimated for an individual whose weekly fish consumption is equal to 0.24 Kg. This 

was the average fish consumption for the year 2011.  
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The results of the model estimation indicated that, due to the presence of APT in the 

fish market, there could be a maximum of 33.02% forgone consumption of fish for a 

wholesale price reduction of 8.34% for high income earners in Colombo market. In 

contrast to this, a low income earner in Colombo market, who faces the same situation, 

will be denied a 32.9% increase in consumption of fish due to the presence of APT in 

the fish marketing system. Although the magnitude of forgone consumption for high 

income earners is slightly higher than for the low income owners in Colombo market, it 

is reasonable to conclude that both the higher and the lower income earners suffer the 

effect of the presence of asymmetry in the fish marketing system equally.   

The study then carried out a sensitivity analysis to estimate the food security effect of 

the presence of APT on Colombo consumers for 1%, 5% and 10% price reductions at 

the wholesale market. The results are reported in Table 8.11. 

Table 8.11: Effect of the presence of APT in the fish market on consumption of fish 

  

  

Price change at the wholesale market 

 1% 5% 10% 

 

Maximum 

forgone 

consumption 

Low 

income 

high 

income 

Low 

income 

High 

income 

Low 

income 

High 

income 

14.51 14.70 29.52 29.68 33.91 34.01 

 

The simulated models suggest that for a 1% reduction in the wholesale price of fish, on 

average there will be a maximum forgone consumption of around 14.6% of fish due to 

the presence of APT in the Colombo fish market. The respective figures for a 5% and a 

10% reduction in wholesale price are 29.6% and 33.96%. When considering the 
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magnitude of price changes in the fish marketing system during the study period, price 

reductions were found to be in excess of 5% in 58% of the price reduction incidents. 

Therefore, the presence of APT can be seen as a serious threat to an increase in fish 

consumption, as fish are being the main animal protein source for Sri Lankans.  

8.6 CONCLUDING REMARKS 

In this chapter two aspects of market inefficiencies – market segmentation and the 

presence of APT in the price transmission process – were assessed. The chapter also 

examined the impact of the presence of APT in fish markets on food security using the 

analytical model developed in Chapter 6. The empirical results of the inefficiency 

analysis confirmed that two out of the three fish markets analysed in the chapter, 

skipjack tuna and requiem sharks, are vertically non-integrated, indicating that price 

signals do not transmit between the wholesale and retail markets. This suggested that 

any intentional boost to production in the country might be hindered in achieving 

maximum benefits for the consumers due to the price transmission inefficiencies in the 

supply chain. In order to improve the vertical integration between markets, the structure 

of the marketing system has to be altered in such a way that retailers can pass down 

demand changes to the lower levels. One way of doing this is to financially assist large 

investors to enter into the fish market, so that they can perform both roles: wholesaler 

and retailer.  

For the third fish species, jack trevallies, wholesale and retail markets are found to be 

integrated. However, the empirical results indicated that there is an asymmetry in the 

price transmission process between the wholesale and retail markets. It was revealed 

that, when the marketing margin between the retailer and the wholesaler is squeezed, it 

is adjusted quickly as compared to the instances where the marketing margin between 

the retailer and the wholesaler expands. Considering the food security impacts of this 
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presence of negative APT in the fish marketing system, an estimated model revealed 

that given the average magnitude of the wholesale price reduction in the Colombo fish 

market, low income customers of Colombo fish market are denied 32.9% of the full 

benefit of the price reduction. The respective figure for high income customers of 

Colombo fish market is 33.02%. Thus, it is clear that the presence of inefficiency in the 

fish marketing system significantly affects fish consumption.  

To eliminate asymmetry in the price transmission process, and in turn to reduce the food 

security impacts of market inefficiency, the information flow between the marketing 

agents in the fish supply chain needs to be enhanced. This could be achieved via 

improving availability of and access to price information for all parties in the marketing 

system. Alternatively, improving competition in the marketing system would eliminate 

the unnecessary market power and price manipulation that leads to asymmetry in the 

price transmission process. Finally, to eliminate the contribution of perishability to the 

presence of APT, more cold stores can be established all over the country.  

Following this last empirical chapter, final chapter of this thesis summarizes the major 

findings of the study which was carried out in order to explore the connection of market 

integration and the presence of APT with food security.  
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CHAPTER 9 SUMMARY, CONCLUSION AND POLICY 

IMPLICATION 

9.1 INTRODUCTION 

The purpose of this final chapter is to fulfil three main tasks. Firstly, it summarizes the 

objectives and the main findings of the study. Secondly, it highlights policy 

implications and proposes appropriate strategies for reducing market inefficiencies in 

Sri Lankan key food markets in order to reduce their impacts on food security. Finally, 

it briefly discusses the limitations of the study and the future research agenda.   

The chapter organization is as follows. Section 9.2 outlines the research objectives. 

Section 9.3 summarizes the empirical results of the study. Section 9.4 discusses the 

possible policy implications of the findings that emerged. Section 9.5 discusses the 

limitations of the study and makes suggestions for future research directions. Section 

9.6presents the concluding summary.  

9.2 OVERVIEW OF THE STUDY 

Understanding food insecurity to be a situation that arises because of the economic 

failure of individuals, in which food has become unaffordable to poor people, has 

excluded the focus of food security research to the investigation of ways in which food 

affordability can be improved. Enhancing food market efficiency is also considered as a 

strategy that lowers food prices and increases the coordination between food production 

and consumption, ultimately leading to an increase in economic access to food. As yet, 

not many studies in the literature have focused on empirically investigating this 

connection. Therefore this study is taken with the objective of filling this literature gap 

by empirically testing and reinforcing the connection between food market integration 

and food security. 
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The main objective of this study was therefore to assess the inefficiency of Sri Lankan 

food markets and its effects on individual food security using three key food markets: 

rice, vegetables and fish. The study has specifically answered three central research 

questions; 

Are the Sri Lankan food markets efficient in terms of vertical market integration and the 

presence of APT in the price transmission process?  

In vertically integrated markets, do price increases and decreases in one market exert the 

same effect on prices in the other market?  

If not, what are the implications of this asymmetric price transmission for consumer 

food security? 

In the process of addressing these research questions, the study expected to discover 

how food market inefficiency affects food price movements and thus the food 

consumption of individuals, and to quantify this effect on market inefficiency, in terms 

of the presence of APT, on food insecurity.  

Prior to addressing these research questions, the study assessed the sensitivity of the 

individual food security status to food price changes in order to demonstrate the 

importance of attaining the right price in the context of food security. The sensitivity 

was analysed using the episode of the 2007/2008 world food price hike. For this 

purpose, an analytical model was developed: the results derived from this model 

indicated that consumers are highly sensitive to food price changes. Specifically, the 

study suggests that 20% of the Sri Lankan population had become food insecure 

because of a 15.38% increase in food prices, indicating pricing inefficiencies in the food 

marketing system which affect food prices could have a significant effect on individual 

food security levels. 
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After identifying the effect of food prices increases on food security using a simple 

analytical model, the study moved to answer the central questions of the thesis about the 

level of market inefficiency and its implications for food security by assessing market 

integration and the presence of APT in the price transmission process of the main food 

markets in Sri Lanka: rice, vegetable and fish. These three food categories accounts for 

more than 70% of the energy and 50% of the protein intake of Sri Lankans. Once the 

inefficiency was assessed, an analytical model was developed to evaluate the effect of 

inefficiency in price transmission process in key food markets on food security. This 

model was then simulated to quantify the effect of inefficiency disclosed in the study on 

individual food consumption. The main empirical findings are summarized here.  

9.3 MAIN EMPIRICAL FINDINGS 

The series of empirical chapters contains the specific empirical findings related to the 

research questions covering the research gap identified in Chapter 1. A summary of 

these findings is presented in this section.  

9.3.1 EFFICIENCY IN THE RICE MARKET 

Chapter 5 presents rice as the main energy provider in the Sri Lankan diet, contributing 

to around 45% of calorie and 40% of daily protein intake. Therefore, the rice market 

was selected first to assess inefficiencies in terms of market integration and the presence 

of APT using the Enders and Siklos’s asymmetric Threshold Autoregressive model 

(TAR). As revealed by the TAR model, rice markets are found to be vertically 

integrated, indicating that price changes are transmitted between markets. However, this 

did not guarantee that the Sri Lankan rice market was without inefficiencies. As shown 

in the estimates, price increases at the wholesale market tend to be reflected at the retail 

market faster than price decreases. The follow-up analysis, which studied integration 

and the presence of asymmetry in the price transmission process during three distinctive 
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time periods, demonstrated that asymmetry exists in the rice market only during certain 

periods of time. Precisely, the price transmission process was asymmetric only during 

the high retail price periods, in which a retail ceiling was imposed on prices. This retail 

asymmetry is deemed to benefit retailers at the expense of consumers. The presence of 

asymmetry prolongs the response of consumers to price decreases at the wholesale 

market, and hence they are denied the benefit of price reductions for a short period of 

time. To estimate this effect of retail asymmetry on consumers’ food security, an 

analytical model was developed in Chapter 6. The results derived by simulating the 

model with the estimates obtained in Chapter 5 revealed that consumers are denied on 

average 20% of the increase in consumption of rice due to the presence of retail 

asymmetry. Given the importance of rice in the Sri Lankan diet, this effect is of great 

significance. Whilst the analysis did not involve a detailed investigation of sources of 

the inefficiency, by the matching of the timing of price surges and the timing of the 

existence of asymmetry in the marketing system, the study suggested that this 

inefficiency could be an outcome of government market intervention following retail 

price hikes. Specifically, the analysis argued that due to the development of a grey 

market following the imposition of a ceiling on retail price, it is possible that traders try 

to compensate for the cost of the ceiling by delaying the transmission of price reduction 

to consumers.   

9.3.2 EFFICIENCY IN THE VEGETABLE MARKET 

Vegetables, the most important side dish of Sri Lankans, provide substantial amounts of 

nutrients, and hence it is believed that inefficiency in the vegetable markets also has 

profound effects on food security of people. Therefore, market integration and the 

presence of APT in a number of important vegetable markets (bean, cabbage, and 

carrot) were assessed using a slightly modified version of the TAR model.  
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The empirical results presented in Chapter 7 revealed that all of the vegetable markets 

investigated were integrated, and that their price transmission processes were 

symmetric. This superior performance of the vegetable markets over the rice market 

could be attributed to the better organization and structure of the vegetable wholesale 

markets as compared to the rice marketing system, as well as the absence of state 

control over the vegetable prices. In particular, as noted in Chapter 7, communication 

between wholesalers and retailers in the vegetable markets is high as vegetables have a 

shorter shelf life compared to rice.  

Since high volatility in the Sri Lankan vegetable market is the most commonly cited 

inefficiency, rather than the asymmetry in the price transmission process, the study also 

estimated volatility and volatility spill-over across vegetable markets. The results 

revealed that some vegetables showed higher levels of volatility compared to others. It 

further revealed that the transmission of price volatility between vertical markets is not 

as efficient as the transmission of the price itself. The main inefficiency of the volatility 

transmission process is that it was found to run in only one direction: although volatility 

at the wholesale market effectively spills over to both retail and to farm-gate markets, 

volatility at the farm-gate market does not transmit either to the wholesale or the retail 

market. Lack of this feedback effect could be regarded as the result of an imbalance of 

negotiation power between farmers and wholesalers in which wholesalers dominate 

farmers.  

In addition, the advantage of having access to the data on daily farm-gate prices of 

vegetables at the Dambulla DEC helped this study to calculate the farmer’s share of the 

retail price of vegetables.36 The estimates disclosed that on average, vegetable farmers 

in Sri Lanka receive a higher share of the retail price than farmers in developed 

                                                           
36The access was gained from the Manager at the Dambulla DEC. Since daily farm-gate/producers price 

could not be found for other commodities, farmer’s share of retail price was not calculated for the other 

two food commodities.  
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countries. This is due to the little or insignificant value addition in the supply chain. 

However, comparison of the farmer’s share at different months of the year suggests that 

there are some months where the share is considerably lower than in other months. The 

farmer’s share of the retail price was found to be low particularly during the harvest 

periods.  

The food security effects of these inefficiencies in the vegetable market do not directly 

affect consumers, since vegetable markets are integrated and there is no asymmetry in 

the price transmission process. However, weak volatility transmission from farm-gate to 

other market levels suggests that risk at the farm-gate is not spread into other levels and 

hence farmers will alone bear the consequences of high price volatility. Specially, 

volatility prevalence in the market disturbs the stable income of farmers and in turn 

increases the vulnerability to food insecurity.   

9.3.3 EFFICIENCY IN THE FISH MARKET 

Chapter 8 focused on the market inefficiency in the fish market and its implications for 

food security in Sri Lanka, as fish provides the greater proportion of the animal protein 

requirement of Sri Lankans. The organization of the fish marketing system is far 

inferior to the organization of the rice and vegetable marketing systems. Further, 

communication between the market intermediaries in the supply chain was also found to 

be limited. The effects of these drawbacks were clearly reflected in the findings of the 

study, which showed that two out of the three fish markets were non-integrated and 

hence inefficient. The wholesale and the retail markets for skipjack tuna and requiem 

sharks were found to be non-integrated. Even though the markets for jack trevallies 

were found to be integrated, as for rice, the price transmission process was revealed to 

be asymmetric. However, given the bi-directional transmission of price changes 

between the two markets, it was deemed that not only consumers but also wholesalers in 
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the fish marketing system were negatively affected by this presence of asymmetry in the 

price transmission process. From a food security perspective, the effect of this 

asymmetry on consumers’ food security is similar to the effect of retail asymmetry in 

the rice market. The benefits of price decreases at the wholesale market were denied to 

consumers for a short period of time. Therefore, the effect of the fish market retail 

asymmetry on food security was evaluated in the same manner that the effect of the rice 

market retail asymmetry was evaluated. The estimates obtained by simulating the model 

developed in Chapter 6 showed that the effect of fish retail asymmetry was as large as 

33% for both high income earners and low income earners. Even though fish is a side 

dish in the Sri Lankan rice based meals, fish is the main protein source, so the effect of 

this retail asymmetry in the fish market on protein malnutrition or on food insecurity in 

general could be high. 

9.4 POLICY IMPLICATIONS 

The study analysed three different categories of food items which are traded through 

different marketing systems in Sri Lanka. The nature of these food items and the degree 

of government involvement in their markets are different from one another. In line with 

these differences, the findings are also different. Both the rice and the vegetable markets 

were found to be integrated whilst two out of the three fish markets were found to be 

non-integrated. Further, there was no APT in the vegetable marketing system, even 

though asymmetry was present in the rice and fish markets, which were found to be 

integrated. In recommending policy responses, the lessons learned from analysing one 

market can be applied to the others.  

As evident by the parameter stability tests, price transmission process was asymmetric 

only during the price surge periods, where government imposed ceiling price to stabilize 

food prices. Since stabilizing prices of essential food commodities also important to 



Conclusions 

200 

 

ensure the consumer’s food security, policymakers can think of other price stabilization 

techniques to implement while reducing the reliance on price ceiling.   

With respect to market integration and the presence of APT in the Sri Lankan’ vegetable 

marketing system, vegetable markets are integrated and there is no asymmetry in the 

price transmission process. However, as disclosed by the standard deviation of farm-

gate prices and the farmer’s share of the retail price, prices are highly volatile for some 

vegetables and there is a high variability in farmer’s share of the retail price. To 

overcome high volatility present in the vegetable marketing system, price stabilization 

techniques such as, contract farming, processing of vegetables to store during harvesting 

time and timely planning of cultivation could be adopted.  

In the price spill-over study, there was no apparent volatility spill-over found from 

farm-gate to wholesale or retail level. In order to encourage the volatility transmission 

from farm-gate to the retail level, vertical integration of the supply chain can be 

suggested. Another strategy would be to encourage collective marketing, where 

bargaining power of small scale farmers are enhanced and hence price volatility can be 

passed on to the other levels. 

Inefficiencies in fish market mainly arise from the disorganized marketing structure and 

the lack of communication between the marketing agents. There is no common platform 

in the fish market for communicating supply and demand changes and for negotiation of 

the price and quality of the product. In fact, most of the time, the retailer is 

communicating with one wholesale agent. Thus, there is little or no competition in the 

fish market and hence both the parties can set prices disregarding market forces. 

Creating a more structured supply chain, where competition among the players can be 

enhanced, is of paramount importance to improving the marketing efficiency of fish. 

This can be achieved by investing in the establishment of a well-functioning wholesale 
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market with cold storage facilities that enables storage and release of fish according to 

market demand. 

9.5 LIMITATION AND FUTURE RESEARCH 

This section highlights some limitations of this study and suggests future research 

directions in the area. One of the main limitations encountered was the lack of data. The 

study might have been stronger if daily or at least weekly data of all the food 

commodities had been available either in the public domain or on request. The study 

could have been able to assess market integration between farm-gate and wholesale, and 

farm-gate and retail levels, if daily or weekly farm-gate prices had been available for the 

research. 

Using Enders and Siklos’s TAR model also constrained the study to assume a fixed 

threshold level in which parameters related to price adjustments transit in a 

discontinuous and abrupt fashion whenever a threshold is crossed. However, as argued 

by Hassouneh et al. (2012), it is possible that different traders respond to different 

threshold levels, as they are facing varying transfer costs. In order to investigate this, 

more advanced methodologies are needed.  

Another important limitation is that this study has assessed only the vertical market 

integration of the rice, vegetables and fish markets. As widely acknowledged, spatial 

market integration also affects food scarcity situations and in turn affects people’s 

vulnerability to food insecurity. Hence one of the extensions of this research could be to 

undertake a new study to assess spatial market integration and the presence of 

asymmetry in the spatial price transmission process. Moreover, there are other 

inefficiencies in food marketing systems which influence food security. Therefore 

assessing these inefficiencies and their impacts on food security could be another branch 

for further research.  
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The next limitation is that the study did not assess the contributing factors to the 

presence of pricing inefficiencies in the Sri Lankan food market. Studying the effect of 

climate change, natural disasters and political conflicts on food distribution and 

ultimately on food security would have enriched the usefulness of the study.  

Moreover, the analytical model developed in Chapter 6 can be applied only to assess the 

food security effects of retail asymmetry on consumers. Since APT of other natures also 

has food security impacts on other agents in the supply chain and the resource 

allocation, it is of paramount importance to extend the analysis to capture both these 

food security and non-food security effects of the presence of APT. This will allow the 

analysis to extend its focus from a partial equilibrium analysis to a general equilibrium 

analysis, where the effect of the presence of APT on other areas in the economic can be 

assessed.  

9. 6 CONCLUDING STATEMENTS 

 

The main objective of this study was to assess market inefficiencies in key food markets 

in Sri Lanka in terms of vertical market integration and asymmetric price transmission 

and their impacts on food security in Sri Lanka. Doing so has helped to fill a main 

research gap found in the food security literature. The study employed analytical models 

and advanced econometric techniques such as the asymmetric TAR and the Nelsons’ 

EGARCH models in assessing market inefficiencies. 

Although there were some limitations to the study, the objectives of the study were 

achieved by undertaking sound econometric analyses related to three key food markets 

in Sri Lanka, a contribution to addressing the research gap identified in the food security 

literature about how food security is affected by inefficiencies in food markets. 
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By addressing the main research gap using Sri Lankan food markets, the study has made 

a contribution to the literature in food market integration and food security in general, 

and to food market integration and food security in Sri Lanka in particular. 
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ANNEX 1. FOOD POLICY AND FOOD SECURITY PROGRAMS 

IMPLEMENTED SINCE 1942 

Sri Lanka has a long history of implementing food security and poverty alleviation 

programs. Some of these welfare programs have been in the form of price subsidy 

programs, income transfer programs, and food stamp programs. Although some of the 

nutritional benefits these programs created are well accepted, most of the programs are 

criticized for their high burden on the government budget, the issues that related to 

targeting inefficiencies and the high administrative cost. Nevertheless, it has become the 

responsibility of every government to continue these programs to avoid the political and 

social unrest that would possibly arise if these programs were reduced or ended. Brief 

descriptions of the nature of these programs and their pros and cons are individually 

outlined in the following sub-sections. 

A.1 RICE RATION SCHEME (1942–1979) 

The rice ration scheme, the first big food security program that was implemented in the 

country, began during the Second World War to protect consumers from the soaring 

food prices that resulted from interrupted import channels (Sahn & Edirisinghe, 1993). 

The program began by rationing rice to consumers free of charge or subsidising rice via 

the government distributional channels. Its implementation was limited to rice deficit 

area sonly. By 1943, this restriction was removed, and everyone above the age of three 

became eligible to receive benefits; in 1950 the age limit was reduced to one year. Since 

the program literally covered all citizens in the country, it was considered a universal 

food subsidy program (Gavan & Chandrasekera, 1979).  

During the three decades the scheme lasted, the size of the weekly allotment of rice and 

the subsidised price were changed from time to time. From 1942 to 1952, three pounds 

of rice per person per week were issued at a subsidised price. However, due to the 
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depreciation of the Sri Lankan rupee in 1952, the cost of imports within government 

expenditure became quite high. The government then trimmed the ration to two pounds, 

but issued it at the same subsidised price until 1953, when the government phased out 

the price subsidy, in line with their agreement with the International Monetary Fund 

(IMF), and to cope with the high import costs. As a result, prices rose by 300%, causing 

civil unrest that worsened with transport price increases and other costs occurring at the 

same time. This became to a massive protest known as “Harthal” (work stoppage), 

which led to the resignation of the then prime minister from his post (Sahn & 

Edirisinghe, 1993).  

Since then, food policies have remained a political issue in Sri Lanka. The subsidy 

program was restored in 1954, with four pounds of rice has been given at a subsidised 

price. From 1954 to 1960, this price was adjusted several times. Later, in December 

1966, the allotment was reduced to two pounds of rice, issued free of charge. To 

overcome possible rebellion against the reduced ration, the government promoted local 

rice production. In 1970 this restriction on quantity purchased was relaxed, allowing 

individuals to purchase another two pounds of rice at market price, in addition to their 

free entitlement of two pounds. This continued until October, 1973. Thereafter, the free 

entitled amount of rice and the amount allowed for purchase were changed from time to 

time (Gavan & Chandrasekera, 1979; Edirisinghe, 1987).  

Although consumer food subsidies would have significantly raised quality of life, 

especially for those at the greatest nutritional risk, the cost of providing subsidized food 

to the almost entire population was high, as most of the rationed rice was imported. The 

net cost of the food subsidies in some years reached 17% of the government 

expenditure, and 6% of the GNP (Sahn & Alderman, 1996). To cover up this high cost, 

the government sold sugar and flour at a price higher than at the open market price, 
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except in specific time periods when these were also provided at a subsidised price. The 

high cost of the program was not surprising: a large number of non-needy groups also 

largely benefited from the program, since it was universal. In fact, upper income classes 

benefited most from the price subsidy program, as they were buying large quantities at 

subsidised price (Edirisinghe, 1987). Realising this cost, the government exempted 

income tax payers from the program in 1978 to eliminate non-needy people from the 

pool. This reduced the food ration recipients of the program by 50% (Sahn & Alderman, 

1996). Later in 1979, the rice ration program was totally replaced by the food stamp 

program. This change was motivated by the shift in the policy regime in the country to 

an open market policy. 

A.2  FOOD STAMP PROGRAM (1979–1989) 

In 1979, the then newly appointed government replaced the rice ration scheme with the 

Food Stamp program in order to generate domestic savings (Edirisinghe, 1987). In fact, 

this change in the program caused a large reduction in the government expenditure. For 

example, after the inception of the new program, the cost of the welfare program 

reduced from Rs.2100 million in 1970 to Rs. 1500 million in 1980 (Sanderatne, 2004).  

Under the Food Stamp program, households with an annual income of less than Rs. 

3600(with marginal adjustments for larger families), were made eligible to receive food 

stamps. The total value of the stamp received by a family depended on the number of 

family members and their ages (Herath, 1981). Families with children received 

additional stamps worth Rs. 15, 20 and 25 per month depending on the age of the 

children. For children less than eight years, stamp value was Rs. 25; between eight and 

twelve, Rs. 20; above twelve, Rs. 15. The food stamp could be used to purchase a 

basket of commodities comprising rice, wheat, flour, bread, sugar, dried fish, milk food, 

and pulses. Together with a food stamp, kerosene stamps worth Rs. 9.50 were issued 
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per month to buffer people from the rising kerosene prices. If they needed to do so, they 

were allowed to use this to buy food items, but were not allowed to use the food stamps 

to buy kerosene (Edirisinghe, 1987). Further, if they were unable to spend the total 

worth of the food stamp, they were permitted to deposit the unused food stamps in the 

Post Office Savings Bank.  

The study conducted by Edirisinghe (1987) on behalf of the Food Policy Program has 

indicated some of the drawbacks of the Food Stamp program. Firstly, there was a 

targeting issue, as non-intended beneficiaries were also included in the program. In fact, 

at the beginning of the program, half of the population (56.8%) received the benefit of 

the program, with this coverage being three times higher than the number of eligible 

households (Glewwe, 1986). According to Edirisinghe (1987), more than 60% of the 

program benefits were received by this unintended group; therefore economically, the 

food stamp program was considered to be inefficient. Secondly, the use of income as 

the screening criteria, as opposed to expenditure, led the selection to be rural biased. 

Because of the higher cost of living in urban areas, city dwellers often had less 

purchasing power compared to their rural counterparts with similar incomes. Thus, 

when the program used income criteria and ignored the difference in cost of living, 

some part of the urban needy people were not included in the pool (Edirisinghe, 1987).  

Thirdly, since, the value of the food stamp was not adjusted for rising inflation, the real 

value of the stamp declined steadily, and as a result, the real value of the food stamp 

was about half of its value in 1981/82 (Edirisinghe, 1987). Due to these obvious 

limitations of the program, the Food Stamp Program was replaced later in 1989 by 

another program commonly known as “Janasaviya” (People’s strength). 
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A.3 JANASAVIYA PROGRAM (OCTOBER 1989–1995) 

At the beginning of the Janasaviya program, all the beneficiaries of the Food Stamp 

program were entitled to its benefits. Soon after its implementation, the program came 

up with its own screening criteria to select the recipients (Rassas et al., 1993): only 

households earning less than Rs.700 per month were entitled to receive the benefits. 

This program differed from previous programs in two ways. First, it was not a direct 

food security program like the Food Stamp and Rice Ration programs, it was an income 

transfer program which was intended to invest in human capital; secondly, it was not a 

mere handout or charitable donation (Stokke, 1995), participation in voluntary work is 

compulsory to receive the benefits of the program. Under the program, entitled recipient 

households of the program were issued with monthly cash grants of Rs. 2500 over a 

period of 24 months. The grants had two main components: The Human Development 

component (Rs. 1458 per month) and the Investment and Income Generation 

component (Rs.1042 per month). The Human Development component was a welfare 

payment, made to improve the nutritional security of the people. The payment was paid 

in two portions: Rs. 1000 in the form of coupons for the purchase of food and non-food 

items from the local cooperative stores; the remaining Rs. 458 in cash to encourage 

savings (Stokke, 1995). However, as with the kerosene stamp, if they wanted, 

households could use it to buy goods from cooperatives (Marasinghe, 1993). 

Stokke (1995) indicated that there was no criticism of the program until the death of 

President Premadasa, who had started it, mainly due to fear of criticising the 

government. However, evaluations taken after the president’s death in 1993 indicate 

that there was both non-intended and politically favoured households in the Janasaviya 

pool of beneficiaries (Mendis, 1997). The number of household who benefited from the 

program had decreased from 189,088 to 164,000 from its inception, possibly as an 

outcome of the regulation that at least one member of the household needed to work 
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for24 days per month, or be engaged in productive work chosen and approved by the 

Assistant Government Agent of the area (Marasinghe, 1993). The Janasaviya program 

lasted for only seven years. After the change of government in 1995, it was replaced by 

the Samurdhi program, a very similar program.  

A.4 SAMURDHI PROGRAM (1996–TO THE PRESENT) 

The Samurdhi program, begun in 1996, is also not a direct food assistance program, but 

an income transfer programme similar to the Janasaviya program. Households with less 

than a monthly income of 1000 are eligible for the program. However, at the beginning 

of the program, in addition to these households, former Janasaviya recipients, who were 

not included in the Samurdhi program were also given Rs. 250. Participating in 

voluntary work is essential to receive the benefit of the Samurdhi program, which has 

three main components; 

a) Welfare grant: A food stamp is provided to eligible households to purchase food 

from the government cooperative stores. The value of the food stamp ranges 

between Rs. 100 and Rs. 1000 per month, depending on the demographic 

composition and the level of poverty. Apart from these basic welfare payment, 

the program has issued nutritional stamps for lactating mothers since 2008 

(Ministry of Economic Development, 2012).Unused amount of the stamps can be 

exchanged for money from the Samurdhi Bank. At the beginning of the program, 

80% of the program money was spent on this welfare component (Samurdhi 

Authority, 1999).The rest of the payment is divided between a forced saving 

program and a social insurance program (Glinskaya, 2000; Gunetilleke, 2000).  

b) Saving and credit program: The intended objective of this component is to 

expand the productive assets available to the poor through provision of credits. 

The credits, which can be used to start microenterprises and income generating 
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activities, can be obtained from either the Samurdhi Bank or the Samurdhi 

Society Banks. 

c) Rehabilitation and development of community infrastructure projects: These 

projects are undertaken by the community. Thus, in addition to improving the 

infrastructure, the program generates jobs for the local youth. 

Along with these regular benefits, a social security allowance is provided for special 

family occasions, such as child birth, marriage, hospitalization and higher education 

(Ministry of Economic Development, 2012). The program has been criticized because 

of its targeting inefficiencies, the small size of the transfer payment, and the high 

administrative cost (Kelegama, 2003a; Narayan & Yoshida, 2005; World Bank, 2006; 

Gunatilaka, 2010). The program is seen not to have included 40% of the households 

ranked in the poorest quintile; further, it is believed that political factors have also 

influenced the allocation of the Samurdhi grant among the poor (Sanderatne, 2004; 

Narayan & Yoshida, 2005). The common problem associated with most income transfer 

programs can also be observed in the Samurdhi program: the grant is not adjusted to the 

inflation rate. Although the cost of living has increased greatly during the last two 

decades, the Samurdhi payment has not been adjusted on a par with this increase in the 

cost of living. Further, with time, the number of households benefiting from the 

program has declined. For example, in 1999, 1,768,921 households received benefits, 

while in 2011 only 1,541,619 families received the benefit. In terms of the government 

fund allocation of the program, only 0.93% of the government expenditure was 

allocated for the program.  

In spite of these weaknesses, Himaz (2008) has suggested, the program has had a 

positive effect on the anthropometric performance of children. However, Fernando and 

Lalitha (2009) and the World Bank (2006) counter argued this by saying that the 

program has not achieved its stated objectives, and even if it has improved the welfare 
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of people, this improvement is marginal due to the small size of the payments. Despite 

these arguments on costs and benefits of the program, the program continues its 

operation in Sri Lanka. 

A.5 THRIPOSHA PROGRAM (1972–TO THE PRESENT) 

The Thriposha program was initiated in 1972 in Sri Lanka by the Ministry of Health, 

with the assistance of the CARE international humanitarian agency. Stated objectives of 

the program are to combat the high incidence of child malnutrition, the low birth 

weight, and the iron deficiency anaemia in Sri Lanka. Thriposha (local name for ‘three 

nutrients’) is a pre-cooked ready-to-eat food supplement made up of cereal, pulses and 

micronutrients which provides 200kcal and 10g of protein and an array of vitamins and 

minerals. It provides more nutrients per Rupee than most of its competitive products 

(Drake et al., 1982). 

Under the Thriposha program, all pregnant and lactating women and undernourished 

children under the age of five are given the food supplement fortnightly. At the 

beginning of the program, lactating and pregnant mothers had been selected based on 

their haemoglobin level. However, due to the unavailability of a reliable scanning 

process, this method has been dropped and all pregnant and lactating mothers are 

entitled to the benefit. This increased the cost largely; by 2011, the cost of the program 

was about Rs. Mn1336 (Ministry of Economic Development, 2012).  

Although the program has improved the nutritional status of needy children (Drake et 

al., 1982), it is believed that, due to some household behaviours, the outcomes the 

program is achieving are less than their potential. It has been observed that, although it 

was given to specific family members, even non-targeted family members also consume 

it. Further, although intended to be a fortified food supplement to children, it has been 
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used by mothers as a substitute for the regular meal, leading to no increase in nutritional 

intake. Some even consider it to be a snack.  

Although the administrative cost of the program is comparatively low as the distribution 

is a regular duty of the Ministry of Health staff, due to the insufficient production and 

distributional issues, an efficient timely distribution of the product across the country is 

prevented(Silva, 2008). 

A.6 SCHOOL MID-DAY MEAL PROGRAM (STARTING FROM 1945 –TO 

THE PRESENT) 

The school mid-day meal program may be the longest food assistance program 

operating in Sri Lanka. Started in 1945, it continues to supply meals to school children, 

even though it has been abolished from time to time with the change in the funding 

arrangements. The composition of both the meal and the group responsible for 

preparing the meal, also have changed from time to time.  

In 1945, the meal, bread and vegetable curry, was served only to some selected primary 

schools. In 1947 this program was extended to all primary schools and some secondary 

schools.  

In 1956, the CARE international humanitarian agency aided the government, changing 

the meal. Initially, each child was given a bun and a glass of milk; this was replaced by 

biscuits in 1974.Biscuits were initially given only to schools that exhibited a high 

degree of malnutrition, identified in a 1973 survey conducted by the CARE agency 

(Drake et al., 1982). Although the program was officially phased out when the USA 

stopped sending aid in 1970, some schools continued to provide meals using their own 

capacity with the help of the community. This program was also subsequently phased 

out in 1986 (Lakshman & Tisdell, 2000). Another official government program was 

started in 1989 to provide students with a bakery product and a glass of milk. Later, 
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parents were paid Rs. 3.00 per day to give children rice and curry for their mid-day meal 

(Nubin, 2002). A further alteration took place in 1993: a food stamp worth Rs. 50 was 

provided to all school children, but the high cost meant that provision of the food stamp 

was restricted only to children coming from households that were entitled to the food 

stamp under the Janasaviya program in 1994 (International Monetary Fund, 1995). In 

1995, this program was again abolished (Lakshman & Tisdell, 2000), and restarted in 

2006 (Ministry of Education, n.a.). The program resumed in 2006, providing a mid-day 

meal to all the school children in Grade one and two in 6249 schools (Sobhan, 2006). 

A.7 RECENT INITIATIVES 

Recent initiatives taken by the government to enhance the household food security 

status are different from these previous initiatives. The difference lies with the nature of 

the assistance. Recent initiatives such as ‘Let us cultivate and uplift the nation’ and 

‘Divi naguma ’programs aim at enabling individuals to contribute to their own food 

security status through assisting them to produce their own food (Amerasinghe et al., 

2011). For example, the ‘Let us cultivate and uplift the nation program’, which was 

launched in 2007, aimed at developing 375,000 home-gardens in the country, with 

instructions and guidance from the Agricultural research and production assistants, 

Grama Niladharies and Samurdhi officers(Mattsson et al., 2013; Ministry of 

Agriculture Development and Agararian Services, n.a.). Furthermore, the Divi naguma 

program, which has been in operation since 2011, also targeted at the establishment of 

2.5 million home-gardens in the country in order to achieve vegetable self-sufficiency 

(Mattsson et al., 2013). To achieve their objective, the program provides high-yielding 

seeds, technical assistance and credit to people to maintain their own homegarden. In 

addition to providing assistance to develop homegarden, the program assists in 

generating income avenues for people (Ministry of Economic Development, 2012), 

although Madusanka and Rupasena (2014) indicated that the quality of the seeds has not 
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been as good as the program promised. The progress of these recent initiatives is yet to 

be evaluated.  

This review of the evolution of the food assistance programs in the country indicates 

that the strategies adopted to alleviate poverty or food insecurity have been changed 

over the years, from a direct food subsidy program to government supported self-food 

production programs. This change in policy orientation is partially due to the change in 

policy reform to an open market policy. Given this direction, it is highly possible that 

food assistance programs will be replaced by more market-oriented programs in the 

future. 

 

 

 

 

 

 

 

 

 



 

216 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Annex 2 

217 

 

Survey Questionnaires: Pricing efficiency and food security in developing 

countries: A case study of Sri Lanka 

 

 

Questionnaire Number:   Enumerator:  

          Location:  

 

Q1: Please indicate your role in the market: 

 

 

Q2: Transfer cost of moving product between two markets 

Market activity  Value  

Q2.1: Marketing costs for transporters 

Details on last transaction costs 

Quantity purchased  

Value of the last purchase  

Transport cost (including on- and off-

loading)  

 

Bagging costs  

Quantity sold (quantity purchased – wastage)  

Value of the last sales transaction  

Wholesaler   

Transporter  

Retailer  

Other  
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Q2.2: Operational costs for Wholesalers andretailers 

Overhead cost per month (Including 

telephone and electricity bills, rent for the 

premise and labour wages) 

 

Average quantity traded per month  

Sales price of the commodity  

  

Q3: Infrastructure available 

 What is the distance between the two markets: …………. 

 How long will it take to travel between two markets: ……… 

Q4: How the price of the commodity at the point of transaction is decided: 

(a)  There is a pre-determined 

price for the product:  

(b) The other party decide the price 

(c) Through individual negotiations (d) I decide the price 

(e) Other  

Please specify: 

……………………………………………………………………………. 

 

Q5. Do you adjust prices with the changes in buying and selling prices? 

If not why?(is supply elastic or inelastic?)  

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

…………………………. 
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Q6: What is the main constraint you face in trading in this market? 

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………………………………………………

……………………………………………………. 

Thank you! 

    

Q7: Additional question to the manager or the president of the trade association: 

 

a) The size of the market (no. of wholesalers): …………………………. 

b)  Average size of the transaction: …………………………………….... 

c) How easy to enter in to the market:……………………………………. 

d) Presence of oligopoly and monopoly in the market:…………………... 
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