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ABSTRACT 

Avocado is steadily gaining popularity globally due to its health attributes. This has 

subsequently expanded the production area. Kenya is among the leading producers and 

exporters of avocado. While its exports are significantly large, its domestic market is larger. 

This study investigates spatial market integration within the domestic avocado markets in 

Kenya. The selected markets for this study are; Nairobi, Mombasa, Nakuru and Eldoret 

representing the urban markets while Kisii is selected as the producer and rural market.  The 

study applies Engle and Granger cointegration technique in the analysis. Monthly time series 

price data in the last ten years was obtained from the Ministry of Agriculture, Livestock and 

Fisheries in Kenya. The Data transformation and analysis is done using Excel, RStudio and 

EViews. The results from the study reveal that the price series exhibit a downward trend which 

is likely to persist until 2022. The Engle and Granger test result did not establish a long run 

equilibrium to which the market prices respond. This implies that the domestic avocado 

markets are not cointegrated; hence segmented. In addition, there are no causal relationships 

found in any of the selected markets. The lowest prices in the study period are recorded in Kisii 

while the highest prices are recorded in Mombasa. Market segmentation implies low 

accessibility to markets by the rural producers. Based on these results, we conclude that market 

integration would go a long way in improving rural livelihoods.  

Key words: Avocado, Cointegration, Rural Livelihoods, Spatial Market Integration 
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CHAPTER ONE 

INTRODUCTION 

Agricultural markets play a crucial role in both urban and rural economies. Both producers and 

consumers rely on markets for sale or purchase of commodities. However, for maximum 

benefits markets should operate efficiently. Market efficiency has been closely linked to market 

integration and quite often these two terms are used interchangeably. Market efficiency implies 

reduced price spread between different markets. Price spread is the difference between the price 

that the seller receives and the price that the consumer pays at a given point in time. Price 

influences affordability of a commodity and impacts income hence has a major influence on 

poverty and food security at household level. Price is also a key indication of market 

functioning therefore, used as a measure of integration. Understanding market integration is 

key in identifying market inefficiencies and designing strategies for better functioning.  

Spatial market integration is also used as a measure of market efficiency.  Two markets are 

spatially integrated if the price difference between them is explained only by the transaction 

costs involved (Faminow et al., 1990). Many studies on market integration within Eastern 

Africa focus on staple foods, they include Gitau et al. (2019); Mose (2007) and Rashid  (2004) 

who focus on maize, Kabbiri et al. (2016) who focuses on milk and Waluube (2009) who 

focused on rice . In the horticultural field, only limited studies were found: Zewdie (2017) who 

focused on papaya and Worako (2015) who focused on fruits and vegetables.  

While staple foods remain crucial in food security, avocado stands out as a nutritional healthy 

fruit. Globally, there is an increasing demand for avocado due to heightened consciousness for 

healthy foods. In 2018, avocado imports in Europe increased by about 25% from the previous 

year’s imports. The capacity to import more remains wide (CBI, 2020b). Likewise, in the 

United States avocado imports have experienced an increasing trend. Its import volume rose 
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from about 1260 million pounds in 2013, to 2300 in 2019, implying an 82% increase over the 

7-year period (Statista, 2020c). 

Avocado (Persea americana) is believed to have originated in Mexico over 12000 years ago 

(FAO, 2004a).  It was introduced in Kenya by the Portuguese in the 1930s (Griesbach, 2005). 

It is a highly nutritious fruit that is widely consumed.  It contains vitamin B, C, K and E. It also 

contains minerals and oil with no cholesterol (Chaudhary et al., 2015). It is listed among the 

main fruits grown in Kenya. In recent years, there has been a growing number of farmers more 

interested in planting avocado as opposed to other cash crops. Some farmers for example, are 

shifting from coffee to avocado (Thomson Reuters Foundation, 2018).  

Using time series market price data, this study will investigate market integration in avocado 

trade in different domestic markets in Kenya. The markets selected for the study are Nairobi, 

Kisii, Eldoret, Nakuru and Mombasa. They are selected due to their important role in avocado 

demand and supply. Kisii is a producer zone while Nairobi, Eldoret, Nakuru and Mombasa are 

consumer zones. The markets are also geographically separated making them ideal for this 

study.  

This paper is organized as follows: this first chapter gives an overview of the agricultural sector 

paying key attention to the avocado sub-sector. It expands on the problem statement, research 

questions, hypothesis and justification of the study. Chapter two will review relevant studies in 

the field of market integration. Chapter three will discuss the methodology of this research, the 

theoretical framework and the conceptual framework upon which this study is built. Chapter 

four will consist of an analysis of the data, discussions as well as appropriate policy 

recommendations. The final chapter will be the conclusion.  
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1.1 Background Information 

Kenya like other developing countries, relies heavily on the agricultural sector. Agriculture 

contributes to employment creation, food security and is a major source of foreign exchange 

income. It is estimated that about 33% of Kenya’s Gross Domestic Product, 60% of informal 

employment and 60% of export volume comes from the agricultural sector (Government of 

Kenya, 2019). Given its significant role, it means that the performance of the agricultural sector 

is directly related to the performance of Kenya’s economy. It is for this reason that the 

government has continuously prioritized the sector through several development strategies; for 

example, “Agricultural sector development strategy” (2010-2020), “Kenya’s Vision 2030” 

(2015-2030). Recently it has embarked on a new game plan: “Agricultural Sector 

Transformation and Growth Strategy”  (2019-2029) whose main aim is to increase small holder 

farmers’ income, increase agricultural output, value addition and improve household food 

resilience (Government of Kenya, 2019).  

The agricultural sector is diverse and can be classified into various categories; “Industrial 

crops, food crops, Horticulture, livestock, fisheries and forestry” (Oluoch-kosura, 2017). This 

research focuses on the horticultural sector since this sector is dominant in Kenya, it consists 

of many small-scale producers and offers a potential venture of wealth creation in rural areas 

if fully exploited; thus, improving rural livelihoods. Horticulture farming involves the 

production of fruits, vegetables, flowers, root crops and herbs (Ongeri, 2014). The major fruits 

grown in Kenya are; banana, mango, pineapple, avocado, water-melon and pawpaw listed in 

order of importance (Horticultural Crops Directorate, 2019).  

The horticultural sub-sector in Kenya has evolved from minimal exports in the 1970s to high 

exports most recently (Steglich et al., 2009). It is also a major source of foreign income and 

ranks third after tourism and tea (Embassy of the Kingdom of Netherlands, 2017).  Kenya 

exports its avocado mainly to the European Union and this supply continues to increase (see 



 

4 
 

figure 1 below). High demand in the export markets, has expanded production of avocado in 

Kenya. The cultivated area increased by 7,5% from 15353 ha in 2017 to 16501 ha in 2018 

(Horticultural Crops Directorate, 2019). In 2018, total income accrued from avocado was USD 

59,7 million. Its importance in contributing to livelihoods and boosting economic development 

cannot be overemphasized.  While the export market is lucrative in income generation, the 

domestic market remains of key importance. In 2017 for example, about 24% of Kenya’s 

avocado production was exported while the rest was consumed by the domestic markets. 

(FAOSTAT, 2018). 

 

Figure 1: Lead Avocado suppliers to the EU; Source (CBI, 2020a) 

 

Avocado farming is carried out in high altitude areas ranging between 1000-2000 metres above 

sea level. The optimum temperature range is between 20oC to 24oC with soil pH between 5-7. 

Kenyan farmers mainly plant the grafted varieties which take about two years after planting to 

start harvesting (Griesbach, 2005). The trees require minimal attention, offering the farmers an 

opportunity to engage in other economic activities to improve their wellbeing. The costs are 
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negligible, since farmers prefer using manure instead of chemical fertilizers (Omolo et al., 

2011). Kenya has about 16501 ha under Avocado. This represents 9.36% of total land under 

fruits in Kenya (Horticultural Crops Directorate, 2019). 

Avocado production is done by both small-scale and large-scale farmers. The small-scale 

farmers account for about 85% of the total production (Wasilwa et al., 2017). There are 

different varieties grown; hass, fuerte, and pinkerton for export markets while puebla, duke, 

and g6 are produced for the local market (Horticultural Crops Directorate, 2017). The local 

market varieties account for over 70% of the total production (Amare et al., 2019).  Production 

over the years has however been fluctuating (see table 1 below). This was because farmers 

grew the fuerte variety and local varieties which are susceptible to diseases. In a bid to address 

this, some farmers cut down their trees and replaced them with the hass variety (Jones et al., 

2010). Other factors that affect production are weather shocks and pests (Amare et al., 2019). 

Table 1: Area under Avocado and production volumes in Kenya 

 Unit 2010 2011 2012 2013 2014 2015 2016 2017 20181 

Area 

Harvested 

Ha 10320 9960 11021 11439 11583 8486 10305 16460 14497 

Production Tonnes 202294 149241 166948 177799 218692 136420 176045 217688 233933 

Source: (FAOSTAT, 2020) 

 

 

 

 
1 The production levels in Kenya for the year 2018 were obtained from two sources (results in tables 1 and 2), 
there exists a slight difference in the figures obtained, this difference is however not significant in this 
research. 
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As high-altitude fruits, avocados are grown in different counties in Kenya. The lead producer 

counties are Murang’a, Kiambu and Kisii (see Table 2). 

Table 2: Avocado Production in Kenyan Counties, 2018 

County  Volume 

(in Tonnes) 

Area  

under Avocado (In Ha) 

Value  

(in USD) 

Murang’a  123555 4321 25438736,6 

Kiambu   37964 1819 6820310 

Kisii   28830 1532 4295300 

Nyamira   29280 1482 3093800 

Bomet   10590 474 2178000 

Embu   14543 709 2165250 

Meru     8553  755 2099666,67 

Bungoma 6028 299 2013200 

Kirinyaga 5892 367 1470400 

Nyeri 5784 584 1127020 

Makueni 3078 335 1001875 

Taita Taveta 9183 180 851299,4 

Vihiga 4554 389 837050 

Elgeyo Marakwet 3493 371 809500,35 

Homabay 2061 299 710700 

Migori 3284 315 67684,2 

Nandi 2073 127 565810 

Baringo 2760 202 560000 

Kericho 1554 93 458850 

Nakuru 1664 371 421400 

Narok 1519 155 341300,09 

Machakos 2280 298 339250 

Others 6280 713 769641,53 

Total 318087 16501 59721044,28 

Source: (Horticultural Crops Directorate, 2019) 
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In the global scene Mexico is the lead producer and exporter. Kenya ranks seventh in the global 

production and eight in exports value (see figure 2 and 3).  

 

Figure 2: Avocado global production in 2018; Source (Statista, 2020a)  

 

Figure 3: Global Export Value in 2017; Source (Statista, 2020b) 
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Locally, the avocado marketing system is complex. The small scale producers sell their 

avocado is sold in both formal and informal settings. The formal setting consists of large retail 

stores, including supermarkets that sign contracts with the farmers while the informal setting 

consists of farm gate sales, open air markets and intermediaries. The local marketing system 

reveals that middlemen have more control in the chain; supplying wholesalers, retails and other 

markets2 (see figure 4).  

 

 

 

 

 

 

 

 

 

Source: Own illustration based on information from (Machoka et al., 2011) 

 

 

 

 

 
2 Other markets refer to oil processors and exporters 

Small-scale Producers 

Local Brokers/ Middlemen Farmer Groups 

Local Wholesalers 

Individual retailers Retail Shops Local supermarkets 

Other markets 

Figure 4: Smallholder Avocado marketing channels in Kenya 
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1.2 Problem Statement 

Markets are crucial in improving livelihoods of rural people but in Sub Sahara Africa, 

agricultural commodity markets are often either missing or disorganized (Ashraf et al., 2008). 

In Kenya, the local horticultural produce market is not efficient. Access to market information 

remains a real challenge and hampers its development. The National Horticulture Market 

Information System Baseline Survey reveals that only 19% of Kenyan horticultural farmers 

have access to information regarding production, market intelligence, business support and  

legal support (Horticultural Crop Directorate, 2014). Another challenge facing  this sector is 

the poor state of road networks which hinders market accessibility (Ongeri, 2014). 

In the 1980s, Kenya liberalised its agricultural sector widening international trade. Despite this, 

smallholder horticultural farmers still face challenges, including quality and quantity 

requirements that hinder their penetration into the export markets (Mwambi et al., 2016). This 

makes them dependent on the domestic markets. However, the local avocado prices are not 

stable and face extreme price fluctuations (see figure 5). In addition, considering the perishable 

nature of avocado, farmers try to prevent risk of postharvest losses by selling the produce as 

soon as it is harvested to the readily available middlemen. The middlemen often buy at low 

prices.  

In the recent two years, severe shortages and rising avocado prices in the domestic market have 

led to the imposition of an avocado export ban. In November 2019 for example, the 

horticultural directorate placed an export ban effective for four months (Business Daily, 2020). 

Likewise in 2018, a similar ban had been put in place (Business Daily, 2018). Given these 

efforts by policy makers to enhance the efficiency of local avocado markets, there arises a 

critical concern; measures put in place are short term and the problem may still recur in the 

long run.  It therefore is needed to design long term policy measures. Since the local avocado 
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market exceeds the export market, it is important to understand whether the local markets are 

integrated.   

 

Figure 5: Trends in local Avocado prices3; Source (Business Daily, 2018) 

 

1.3 Research question 

Is the local avocado market well integrated and efficient? 

1.3.1 Objectives 

1. To analyse spatial market integration in the domestic avocado markets 

2. To analyse the trends in local avocado market prices. 

3. To determine the speed of adjustment to long run price equilibrium. 

1.3.2 Hypothesis 

The avocado market in Kenya is integrated 

 

 
3 These are prices for a 90Kg bag of Avocado expressed in Kenyan Shillings. 
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1.4 Justification for this research 

Previous studies on avocado in Kenya have focused on production; Wasilwa et al. (2017), 

Mwambi et al. (2016) studied contract farming while Omolo et al. (2011) did an analysis of the 

local  market channels. This therefore prompts a need for the study on market integration. This 

study examines spatial market integration in the Kenyan domestic avocado markets. Both rural 

and urban markets are selected. The focus is on how the rural market integrates with the urban 

markets. Avocado presents huge opportunities for income generation and food security 

(Hakizimana et al., 2018). Previous studies also confirm avocado’s economic impact in 

stimulating rural development Gyau et al. (2016); Mwambi et al. (2016). Avocado is highly 

perishable compared to staple foods hence it is important to understand how market dynamics 

may influence its trade. It is for this reason that it is chosen for this research. 

The study will add on to the existing literature on market integration and development of the 

avocado value chain. Analysis of spatial market integration is crucial since it has direct linkages 

to economic growth, societal wellbeing, market functioning and resource allocation (Ke, 2015).  

The findings of this study will provide an overview of market functioning which will be useful 

in designing policies and strategies for price stabilization. It will also be relevant to farmer 

organizations, county governments and policy analysts since it will provide critical insights in 

designing programs meant to improve income levels of avocado farmers.  

1.5 Limitations of this Research 

The focus of this study is one product (avocado) within the diverse horticultural sector. The 

theoretical aspect of this study is limited to spatial market integration and the law of one price. 

For purposes of this analysis, the study assumes that: 
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• Avocados that are sold locally are homogenous. This is due to the nature of the price 

data used in the study. The data does not specify the price for each variety but rather 

cumulative wholesale prices.  

• Supply and demand are the main influencers of price. There are many other factors that 

influence price, but these are held constant in this analysis.  We assume that the law of 

demand and supply applies meaning all other factors that affect the demand or supply 

are held constant. This makes price a function of demand and supply. The price 

thereafter determines the income that the rural farmers obtain from sale of produce. The 

price differences in the markets is explained only by the transaction costs.  

• Avocado farmers get a substantial income from the sale of produce. We assume that 

the farmers produce enough avocado that has a significant influence on the household 

income. Low prices would mean low income levels while high prices imply a better 

income.   

• Nairobi is the main avocado market. This is due to the fact it is the most populated city 

in Kenya. We also assume that many households in Nairobi are avocado consumers and 

their demand is significant.  

• Households in Nairobi, Eldoret, Nakuru and Mombasa are net consumers of Avocado 

while households in Kisii are net producers of Avocados. This research assumes Kisii 

is an avocado surplus area supplying to the other regional markets. This is based on the 

production data in table 2 above.  
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Market Integration 

In a perfectly competitive market, agricultural commodities move from surplus regions to 

deficit areas. When markets are integrated, this movement is smooth. Several authors define 

market integration in different ways. Earlier definition was based on price interdependence 

between different markets (Faminow et al., 1990). Later Barrett (2001) defined it as the smooth 

flow of commodities from one place to another. Further, Negassa et al. (2003) defined it based 

on the transmission of demand and supply levels from one market to the other. The most recent 

definition by Pan (2019) explains it in terms of the flow of both goods and price information 

between markets. There is therefore no clear definition of the term market integration. 

However, consensus relates it to the movement of commodities and information across space, 

time and form (González et al., 2001). Some factors that influence market integration include 

transport and transaction costs, market power, exchange rates, border and domestic policies 

(FAO, 2004).  

Market integration can occur at two levels vertically or spatially. Vertical integration occurs 

mainly between international markets and domestic markets while spatial integration occurs 

within domestic markets.  Another form of market integration is cross commodity integration 

which refers to integration between different commodities. The focus of this study is spatial 

market integration. Theoretically, spatial integration models imply that if two markets are 

integrated, excess demand or price shocks will have the same effect on prices in both markets 

(Jena, 2016). The analysis of spatial market integration addresses concerns such as causality 

patterns, long run equilibrium attainments and the dynamic interaction between markets that 

are geographically separated (Zewdie, 2017). It has been linked to the law of one price (Barrett, 
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2001). This means that price differential between two markets is explained by transaction costs 

and any changes in demand or supply in one market will affect prices in the other market until 

equilibrium is regained through spatial arbitrage (Rapsomanikis et al., 2006).  

Arbitrage is the situation of buying and selling commodities in different markets to take 

advantage of price differences between them (Fackler et al., 2001). The law of one price 

forecasts that arbitrage restores equilibrium prices in spatial markets. Consider two markets; 

market A and market B, both producers and consumers of avocado. If market A, encounters 

calamities such as crop disease, which reduces the production levels, then prices automatically 

increase in this market. Traders from market B are inclined to sell in market A provided that 

the price in market A is greater than the transaction costs incurred. As a result, the supply in 

market B will reduce, hence increasing the price. This continues until prices in both markets 

are at equilibrium making the trader profit zero. In this situation, inter-market arbitrage exists 

making traders indifferent to trade in either markets (Barrett et al., 2002). When markets are 

not integrated, they are said to be segmented (Jena, 2016). Market segmentation may send 

wrong price signals and negatively influence production and marketing decisions (Haji, 2014).  

2.2 Market Integration Analysis 

Market integration as discussed above can be used to indicate how price changes are 

transmitted from one market to the other. A reduced time lag indicates better arbitrage and is a 

proof of better functioning markets. Market integration analysis helps diagnose some 

challenges that face agricultural marketing (Rashid et al., 2010). There are various methods 

that are used in measuring market integration. The first is the static method, the second consists 

of dynamic methods such as granger causality tests, Ravallion, Timmer models and co-

integration technique. The dynamic models account for the dynamic nature of prices. The final 

method consists of switching regime regression models. They include; the error correction 

model, Parity bound model (PBM) and threshold autoregressive model. 
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2.2.1 Static models 

Static models are based on the existence of a correlation between time series price data. One 

such test looks at the bivariate correlation which measures the co-movement of prices in two 

different markets. It assumes fixed transaction costs and calculates the correlation coefficient. 

In perfectly integrated markets, the coefficient should be equal to one and in segmented markets 

tends towards zero. This technique is relatively simple, only requiring price data series for two 

markets. This method was later critiqued as being biased as results may be influenced by 

inflation, common trends and seasonality in agricultural marketing.  

Further,  the model does not capture the dynamics of a marketing system meaning it cannot 

account for trade reversals (Negassa et al., 2003). It is also ineffective because only pair-wise 

comparisons were possible and still it was not possible to account for the direction of price 

transmission. Another backlash is that it does not factor in the non-stationarity nature of price 

series data (Goletti et al., 1995). These shortcomings are addressed by the dynamic models.  

2.2.2 Dynamic models 

Due to the numerous short comings of static models, in the 1980s economists developed 

dynamic models. These models account for the dynamic nature of prices and transaction costs. 

An example is the Ravallion model which assumes there are several regional markets, but a 

central market exists. A major critique on the model is the fact that it fails to acknowledge 

transaction costs. An elaborated version of the Ravallion model is the Timmer model which 

assumes that the central market is predetermined. Quite often the central market is an urban 

market which then connects to rural markets. The central market influences trade and price 

formation making it the price leader (Ravallion, 1986). There is however no clear methodology 

for the selection of the main market. Another dynamic model is the cointegration technique 

which assumes the existence of a long run equilibrium. It is extensively discussed in the 

methodology section below.  
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2.2.3 Switching Regime Regression models 

The switching Regime Regression Models are based on the realisation that price relationships 

may be non-linear. The PBM analyses market integration at three regimes; at the parity bound 

where price differentials equal transactions costs, inside the parity bound where parity bound 

is less than transaction costs and outside the parity bound where parity bound is greater than 

transaction costs (Sunga, 2017). These bounds determine the price efficient zone. The 

probability estimates for the three regimes are then calculated. These three regimes are 

represented by equation 1, 2 and 3 respectively. 

Pit-Pjt=TCt…………. equation 1 

Pit-Pjt < TCt……………equation 2 

Pit-Pjt >TCt……………. equation 3 

Where; 

Pit is Price in market i at time t 

Pjt is Price in market j at time t 

TCt is Transaction costs at time t 

In the third regime, arbitrage is not fully exploited implying inefficiencies which could be a 

result of trade restrictions, price support or non-competitive pricing mechanism (Hillen, 2019). 

When production and consumption are specialised, only regime one is consistent with market 

integration. On the other hand, when it is not specialized both regime 2 and 3 can imply market 

integration. The non-specialisation is more common in developing countries (Penzhorn et al., 

2002). The model factors in market dynamics which include transaction costs, trade reversal 

and autarky situations (Negassa et al., 2003).  
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The PBM can be used to analyse the effects of different market policy regimes. In order to 

develop the model, data on transaction costs are needed. In the case of developing countries, 

these data may be difficult to obtain. Some studies estimated the transaction costs by 

calculating the transport costs between two markets and inflating it to cater for other 

transactional costs such as information costs, negotiation costs and monitoring costs. A major 

weakness of this analysis is the fact that it handles only limited markets and short run deviations 

may be interpreted as inefficiencies whereas they could be as a result of rational trader 

behaviour.  

Threshold autoregressive Approach (TAR) is another switching regime model which was 

developed as an improvement of the PBM model. The TAR model tests for market integration 

within a framework of switching regime. This means that the relationship between variables is 

non-linear and that equilibrium price is not constant. It does not rely on transaction costs data, 

but factors in their effects by creating a threshold band within which market prices are not 

linked (Negassa et al., 2003). This threshold band is as a result of transaction costs. The wider 

the band, the greater the price volatility.  

Results obtained from a TAR model display the probability of being outside the threshold. This 

probability is the measure of market integration. In addition, the period needed to eliminate the 

violations is obtained (Abdulai, 2000). However, its crucial weakness is the fact that it assumes 

fixed transaction costs (Fackler et al., 2001). The argument for this however is that it is best to 

assume constant costs rather than to ignore them. Another challenge in its application is the 

cumbersome computational requirements (Sunga, 2017).  
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2.3 Market efficiency 

Market efficiency has been associated with market integration, prompting the need to elaborate 

their association. Spatial market efficiency occurs in situations where arbitrage condition is 

fully exploited resulting in equilibrium while spatial market integration refers to the 

transmission of price variations between markets (Negassa et al., 2003). Another distinctive 

aspect is the fact that market integration is associated with physical trade of commodities while 

market efficiency is associated with the trade partners (Hillen, 2019). However, it is important 

to note that in the presence of a full arbitrage situation, the markets are said to be integrated. 

This therefore means that integration and efficiency are related but not equivalent and tests on 

integration are not an accurate reference for market efficiency (Barrett et al., 2002). Rather 

efficiency is just a pre-condition for integration (Federico, 2007). Spatial market integration 

can therefore be considered as an indirect measure of market efficiency (Faminow et al., 1990).  

Market efficiency can be defined in three different ways. The first type relates it to maximizing 

output per unit input. The second relates it to a competitive or effective market structure while 

the last relates it to reduced marketing margin/ price spread. The third view relates closely to 

market integration. A reduced-price spread is a precondition for the law of one price.  A low-

price spread implies that both consumers and producers gain a reasonable price or profit. The 

law of one price is one of the existing conditions for an efficient market, and its violation 

implies an instance of inefficiency (Federico, 2007). The law of one price is also a testing 

framework for market integration. 

2.4 Rural Livelihoods 

About 80% of Kenya’s population reside in rural areas. Amongst them, 70%  rely on agriculture 

as the main livelihood source (Government of Kenya, 2019). Many rural households are 

engaged in small-scale agriculture with little entrepreneurial dominance. Predominantly, the 

rural agribusiness sector is dominated by cash crops and staple foods. However, horticultural 
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production has huge economic potentials that could revitalise rural economies and contribute 

to poverty eradication (Hakizimana et al., 2018). Many rural households who engage in 

horticultural farming depend on it for food security and income. Horticultural Crop Directorate 

Authority (2014), report states that the sector is rapidly expanding but despite this, there still 

exists high poverty prevalence in rural areas.  

Poverty is multidimensional in nature cutting across different aspects of human lives. However, 

the most common definition of poverty is based on income level demarcated by a poverty line 

threshold which currently stands at USD 1,9 per capita per day.  Poverty eradication is a top 

priority and many governments are keen on it. Economic development is known to assist in 

poverty alleviation. Market integration is one of the ways to boost economic development 

(Varela et al., 2016). It has spill over effects which benefit the non-farm sector paving way for 

economic growth (Söderbom et al., 2009). This is especially useful for developing countries 

which heavily rely on the agricultural sector.  

Market integration particularly plays a crucial role in improving rural livelihoods in the sense 

that if markets are integrated, farmers incur more profits by selling their produce where it is 

much more expensive (Jena, 2016). This situation continues until prices level up making both 

consumers and sellers better off. Given the seasonality and secular trends of agricultural 

marketing, farmers do not always have a choice on where to sell, integration gives them the 

opportunity to have options.  

The horticultural sector has specifically been of interest in poverty eradication due the 

numerous income opportunities that it presents. Previous studies that linked livelihood 

improvement to the horticultural sector include  Gyau et al. (2016), who investigated the factors 

that influenced participation of avocado farmers in group action. The results revealed that age, 

education, gender and farmer perceptions in knowledge and technology had a huge influence 
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in their participation. Age and education positively influenced participation. They also found 

that female participation was lower compared to that of male counterparts. Farmers who 

perceived groups as a channel of getting information had a higher participation rate. They 

conclude that education of farmers is crucial in enhancing group participation.  

The majority of horticultural produce in Kenya comes from small-scale farmers implying its 

high ability to revitalize rural areas through jobs and wealth creation. Ongeri (2014), 

investigated the impact of input prices on the livelihood of small holder horticultural crops in 

Kenya. His results indicate that input prices were high and significantly impacted the economic 

wellbeing of the farmers. He recommends implementation of policies to cushion against this 

and improvement of the road network. Another study is by Mwambi et al. (2016), who 

investigated the role of contract farming in improving farmers’ income. Their results indicate 

that the participation of avocado farmers in contract farming was insufficient in improving 

household income. The low participation rate was attributed to mismanagement of the farmer 

groups leading to dismantlement.  

Varela et al. (2016) in their study “Market integration and poverty”; estimated the degree of 

integration in seven food markets and two energy markets in South Sudan. The foods selected 

were sesame, millet, maize, sorghum, wheat flour, beans and groundnuts; while gasoline and 

diesel represented energy. The study utilized monthly price data for the period 2009 to 2013. 

Results indicated that the markets were highly segmented, this situation was worsened by trade 

restrictions. The study also revealed that prices were highly volatile and transport costs 

explained about 33% of food price variations. They also noted a positive relation between fuel 

prices and food prices, a 1% increase in fuel price caused a 0.4% increase in food price. Finally, 

they conclude that an improved road network would increase market integration, welfare gains 

and reduce poverty rates by up to 4%.  
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2.5 Empirical Studies 

There are several studies carried out in the field of market integration. They are discussed below 

within the framework of the methodology used in the analysis.  

2.5.1 Static models 

This was the earliest methodology of testing for market integration widely used in the 1970s 

and early 1980s. It is based on price correlation among time series data. Although it has been 

numerously critiqued, the model can be applied as a preliminary test in application of other 

methods (World Food Programme, 2007). In addition, it has been used independently to assess 

market power. A study by Morlacco (2017), analysed market power in input markets in the 

French manufacturing sector. She estimated this using production data and the firms’ buying 

power. Results indicated positive correlation existing between the firms’ production volumes 

and input volumes. The power was greatest in markets for food, rubber and machinery. 

2.5.2 Dynamic Models 

Zewdie (2017), studied “Spatial market integration and price transmission for papaya in 

Ethiopia” in the period 2002 to 2014. He applied the cointegration technique to analyse five 

local markets in Ethiopia. His results indicate that four of the markets were cointegrated. The 

rate of price adjustments among papaya prices was slow and differed from market to market. 

The Arbamnch market removed about half of price disturbances improving disequilibrium 

situations. A second study within the Ethiopian context was by Worako (2015), who analysed 

fruits and vegetable markets in the period 2008 to 2015. The analysis involved retail prices 

from twenty-one markets within Ethiopia. His results indicated that cointegration existed in 

some markets. Price transmission from the central market (Addis Ababa) took between three 

to seven months to be transmitted to other markets.  
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Another study is by Oktarina (2015), who analysed five rice markets in Indonesia using the 

cointegration technique. He used monthly retail prices in the period 2004 to 2009. The results 

show that the markets are integrated and three of the selected markets responded quickly to 

price variations. One more study that applied the same technique was Rahman et al. (2018), 

who did an integration analysis of fed cattle in the USA in the setting of a mandatory price 

reporting era. They used weekly prices for steer and heifers in the period 2001 to 2015. The 

sample consisted of five major markets in the USA.  Results indicate that all markets were 

cointegrated. They also found that a causal relationship existed among most steer markets, but 

this was not the case for heifer markets.  

A different study by Zakari et al. (2014), also applied the cointegration technique to analyse 

market integration and price transmission within a vertical framework including both 

international and regional grain markets. International markets selected for this study were 

Nigeria, Mali, Vietnam, Burkina- Faso and Togo while the regional market selected is Niger. 

The grains selected were millet, sorghum, maize and rice. These are staple foods in Niger and 

the local demand is often supplemented by imports. Results indicated that the different markets 

responded differently to the long-run equilibrium.  The speeds of adjustment were 30%, 35%, 

48% and 40% respectively and reveal the degree of integration. All international markets 

revealed significant price transmission to the local Niger markets, meaning price variations in 

the international markets had a significant impact on the local markets.  

Ahmed et al. (2017), also applied co-integration technique in their study of market integration 

and price transmission in the onion markets of India. They used monthly wholesale price data 

from six major markets in India in the period 2006 to 2014. The results indicated that four of 

the six markets were co-integrated, both unidirectional and bidirectional causality existed 

between prices in the different markets. They also found that price variations were quickly 

transmitted to all the other markets except Mumbai and Kozhikode.  
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Further, Acquah et al. (2012), applied the cointegration technique in their analysis of three 

plantain markets in Ghana in the period 2008 to 2010. Ghana is a major producer and consumer 

of plantations; therefore, the crop is crucial in the country’s food security.  The results from 

their study indicate that the plantain markets are integrated. They also found that about 7% of 

price disequilibrium was corrected within a week and about 16% disequilibrium corrected 

within two weeks. 

In addition to the above studies; Ghosh (2011), also applied the cointegration technique in 

spatial analysis of food grain markets in India. His study focused on two periods; pre-

liberalisation and post liberalisation. In the post liberalisation phase, there was a reduction of 

government intervention in agricultural commodity marketing. He used extensive data of rice 

and wheat prices stretching across the periods 1984 to 2006.  His results revealed that the rice 

markets were not integrated during the pre-liberalisation period. However, thereafter they are 

strongly integrated. Likewise, for rice; the markets during the pre-reform period were 

segmented, but this improved remarkably well post reform. He concludes that this 

improvement results from the agricultural reforms introduced post liberalisation.  

2.5.3 Switching Regime Regression models 

Mtumbuka et al. (2014), applied the Threshold autoregressive Approach (TAR) in the analysis of 

nine bean markets in Malawi. Their findings revealed that the bean markets were cointegrated, 

but price transmission was uneven. Poor infrastructure was deemed as the main cause. They 

concluded that the bean markets in Malawi are integrated. Tsiboe et al. (2016), applied TAR 

to analyse eight rice markets in Liberia in the period 2009 to 2014. About half of rice consumed 

in Liberia is imported. Their study investigated markets in the ports of entry. The results 

indicate that local rice markets are integrated. Positive and negative price changes were 

transmitted symmetrically in all markets within a period of five months. Both studies conclude 
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that improving transport and market infrastructure would go a long way in improving market 

integration.  

Gitau et al. (2019), applied the vector error correction model (VECM) to investigate integration 

among nine domestic maize markets in Kenya under four regimes. The first regime was 

liberalization of the agricultural sector. The second was the fertiliser subsidy regime, the third 

was import bans for food commodities with genetically modified organisms while the fourth 

was zero rating of import tariffs. He used wholesale monthly prices cutting across all regimes. 

The period selected in his study was 2000 to 2016. His results indicate that price spread was 

highest in regime one and that all selected markets were cointegrated. He also notes that regime 

one had little policy interventions consequently the forthcoming policies distorted the maize 

markets. He therefore concluding that policy formulation and implementation requires more 

consultation and coordination to achieve the desired results.  

Some studies applied more than one technique. One such is  Kabbiri (2018), who applied both 

Ravallion and TAR techniques to analyse dairy markets in Uganda from 2000 to 2011. His 

analysis was limited to sixteen local markets in Uganda. He performed exogeneity tests to 

identify a central market for milk trade in Uganda. To assess the degree of price transmission, 

he developed a TAR model using weekly prices. The results indicated that Mbarara is the 

central milk market of Uganda, but not Kampala which is the country’s economic hub. He 

found that price differentials between the main market and other markets stabilized within 2-3 

days.  

Another study that applied both techniques is Chalmers et al. (2019), who analysed market 

integration of two dairy products powdered milk and liquid milk in Malawi. They used monthly 

data in the period 2006 to 2011. Their results indicate that there exists a long run price 

relationship in the selected markets in northern and southern Malawi. Although most of the 
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dairy processing units are in the South of Malawi, they adequately supply the northern part and 

transaction costs between the markets was not a concern at all; hence, there was no need to 

construct processing units in the north. He concluded that prices for the selected dairy products 

in Malawi are highly similar implying an integrated market.  

Negassa et al. (2003), proposed an advancement of the parity bound model to understand price 

dynamics within different regimes of marketing policy. This contribution is significant because 

it shows whether the changes resulting after implementation of a policy are statistically 

significant and calculates the duration needed for a marketing policy to take effect in spatial 

markets. One such study that applied the methodology is Hillen (2019), in her study ‘market 

integration and market efficiency under seasonal tariff rate quota’. Her study is based in 

Switzerland following the imposition of a tariff rate quota on fruits and vegetable imports 

during summer.  

Hillen used wholesale weekly data from March 2011 to May 2015; to analyse trade between 

Italy and Switzerland. The transaction costs were calculated from estimation of transport and 

marketing costs. The results indicate that when the quota is in place, market inefficiency 

increases and hence market integration. However, traders benefit from large rents. The rents 

are allocated based on historical purchase hence of convenience to large existing traders and 

not new players in the market. She concludes that the quota maintains status quo for both 

importers and retailers in Switzerland. However, buyers end up paying a higher price.  
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2.6 Summary of Literature Review 

From the above illustrations, there exist several studies within the field of market integration. 

Both wholesale and retail prices are used in these analyses, this primarily depended on data 

availability. One main necessity for market integration analysis is the availability of time series 

price data. Most studies used monthly price data. This is although Amikuzuno (2010), observed 

that the use of high frequency data such as daily or weekly prices would generate more precise 

results, especially in estimating the price adjustment parameter. However, in developing 

countries such detailed data is often unavailable. The most frequently used market integration 

analysis method is the cointegration technique. Kabbiri et al. (2016), made an overview of 

market integration studies globally and found that it was the most populous technique.  

This research applies the same technique and builds on the above-mentioned studies in the 

following ways. Firstly, it will investigate the degree of market integration between Kisii- a 

purposely selected rural market with high poverty rate and four other urban markets. To the 

best of my knowledge, it is the only existing study on market integration analysis of avocado. 

It also applies the most recent data highlighting the situation of market integration in the 

Kenyan avocado sector as it is currently.  
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CHAPTER THREE 

METHODOLOGY 

3.1 Introduction 

This section describes the methodology used to achieve the objectives of this research, the 

theoretical framework, the conceptual framework, the data needed and the source. It also 

describes the targeted study area. 

3.2 Study Area 

The study is limited to five domestic markets in Kenya that is; Nairobi, Eldoret, Mombasa, 

Nakuru and Kisii. These markets are selected due to data availability and their importance in 

avocado demand and supply. They are also geographically separated (see figure 6 below).  

 

Figure 6: Map of Kenya showing the study areas; Adapted from (Elimu.org, 2020)  
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Nairobi is the most populous county in Kenya hosting about 4,3 million people, Nakuru hosts 

2,1 million, Mombasa hosts 1,2 million,  while Uasin Gishu county where Eldoret is located  

hosts about 1,1 million individuals (Kenya National Bureau of Statistics, 2019). These four 

regions are selected for the study because of their high population densities implying a huge 

market for agricultural commodities. In addition, the data available for these markets was also 

relatively complete, with only few missing values.  

Kisii county is in the South West of Kenya. It hosts a population of 1,1 million people and has 

high attitude climate ranging between 1000 to 1800 m above sea level. It is generally cool and 

wet all year round.  It has two rainy seasons; the long rains which come between April and 

June and the short rains which come between September and November. Agriculture is the 

main economic activity in the county; therefore, many households engage in it. About 78% of 

the county’s land is arable with 58% being under crops (Omiti et al., 2009).   

Kisii is purposely selected because of its high avocado production. In 2019, the county 

produced about 28000 tonnes of avocado ranking it fourth in Kenya after Murang’a, Kiambu 

and Nyamira counties (Horticultural Crops Directorate, 2019). At the same time, the poverty 

prevalence in the county is high. It is estimated that about 41% of the county’s population live 

below the poverty line (Kenya National Bureau of Statistics, 2018). Its selection for this study 

is ideal since it has high production levels and poverty rates; both typical characteristic of rural 

areas. This research assumes that Kisii is the main producing area supplying to the other four 

selected domestic markets. The distance between these markets is illustrated in table 3 below. 

Table 3: Distance between producer and consumer domestic markets 

Market 1 Market 2 Distance in Km 

Kisii Mombasa 803,5 

Kisii Nairobi 321 

Kisii Nakuru 196,7 

Kisii Eldoret 195,1 
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3.3. The Theoretical framework 

This research is based on the law of one price (LOOP). The law states that, if markets are 

operating efficiently, a homogenous product sold in different locations sells at the same price 

in the same currency, the price difference if any should be explained by transport costs 

(Rapsomanikis et al., 2006). This is illustrated by the general formula; 

Pit = Pjt + Tt …………………equation 4 

Where; 

Pit is the price at location i at time t 

Pjt is the price at location j at time t 

Tt is the transport and other transfer costs 

The law holds if there are many sellers to ensure competition, if  the commodity in question is 

standardized  and the transportation costs are low (Rashid, 2007). However, the law of one 

price does not hold in all situations. This is due to short- run market dynamics which cause 

deviations from equilibrium. These deviations indicate market inefficiencies which could 

possibly be resolved in the long run. Market integration analysis draws upon this theory of 

LOOP, in the sense that although price deviations exists, in the long run the prices converge. 

These price movements in the spatial markets are in the same direction. This co-movement and 

long run relationship is tested by co-integration tests.  

In normal situations, the law of one price indicates that the price difference between the two 

spatial markets should not exceed Tt  (Baltzer, 2015). This situation represents a weak form of 

the LOOP (Fackler et al., 2001) and is illustrated by equation 5 below 

Pit - Pjt ≤ Tt………Equation 5 

Where;  
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Pit is the price at location i at time t 

Pjt is the price at location j at time t 

Tt is the transport and other transfer costs 

If equation 5 holds true, then domestic markets are said to be integrated. The LOOP has 

argumentatively been challenged; Barzel (2007), argues that the law assumes that information 

is costless. He then proposes its replacement with the price convergence law which factors in 

information costs. However, for this analysis, the LOOP still applies since the focus is in the 

long-run and the data on information costs was unavailable. The co-integration test is therefore 

applied as the measure of market integration.  Another test for market integration is price 

transmission which draws inference from LOOP. Price transmission occurs when price 

disturbances in one  market are  automatically  transmitted to other  markets (Rapsomanikis et 

al., 2006). Just like LOOP, price transmission can fully be tested in the long-run period and not 

the short-run. 

3.4 The Conceptual framework 

This research applies cointegration technique to test for integration. It involves three processes; 

the first being a test for stationarity, the second is the test for a long-run relationship while the 

last is the estimation of the error correction model. Whether markets are integrated or 

segmented, forms a crucial basis for policy formulation. The framework used in this research 

was  developed based on ideologies from the World Food Programme (2007) and 

Rapsomanikis et al. (2006). It represents a systematic flow of this analysis to address all the 

objectives of this research. The first step of the framework is analysing the price series data to 

identify common trends. Thereafter, a cointegration analysis is applied. Cointegration enables 

the identification of short-run relationships between the variables and the estimation of the 



 

31 
 

long-run equilibrium (Vargova et al., 2018). The framework concludes with policy 

implications which is based on the results from the study. It is illustrated in figure 7 below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5 Co-Movement in Prices 

Co-movement shows the relationship between the price series data. To verify it, a correlation 

analysis is performed on all the variables. The analysis is conducted in RStudio using the 

package Hmisc. The guiding hypotheses for this test are:  
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Figure 7: The conceptual framework 
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Ho ……. There is no correlation in the price series data 

H1……. There is correlation in the price series data 

3.6 Analytical methods 

3.6.1 Unit Root Tests 

Unit root tests are used to test for stationarity and non-stationarity. A stationary series is one in 

which price disturbances generated in the series are time independent. This implies that the 

variance and the mean and do not vary over time. Stationarity tests are vital since they 

determine the order of integration. This is the number of times that a series is differenced to 

make it stationary. These tests form an important precondition in analysis of time series data 

since these data exhibit trend components (Acquah et al., 2012). When a series is non-stationary 

it requires transformation to avoid errors in estimation. Tests that are used to check for 

stationarity include the Augmented Dickey-Fuller test (ADF) and the Phillips Perron test. 

However, the Phillips-Perron test is not effective when the error series follows a negative 

moving average process, therefore it is recommended to perform the ADF test (Jena, 2016).  

Augmented Dickey-Fuller test 

The Augmented Dickey-Fuller test was developed as an advancement of the previous Dickey-

Fuller test. It aimed at addressing the endemic serial correlation of the error term in the later. It 

includes lagged differences as additional regressors in the model to clean up existing 

correlation if any (Neusser, 2016). It is presented by the general formula: 

ΔYt= 𝛽1+ 𝛽2t+𝛿Yt-1+Σm
i=1𝛼𝑖Δ𝑌t-i+휀t………equation 6 

Where; 

𝑌𝑡 is the price series of a given market 

t is the length of time series 

𝛽1 is constant 

𝛽2 is the coefficient of linear time trend 𝑡 
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δ is the parameter of interest 

𝑌𝑡−1 is the price of a given market in the previous year 

m is the number of lags to be included in the model, 

αᵢ is the coefficient of the Δ𝑌𝑡−𝑖 

휀𝑡 is a random error term 

The variable m should be large enough to ensure that the error term is a white noise. The 

error term should also be uncorrelated to any regressor in the model. If the Yt values follow 

an unpredictable trend it means that 𝛽1 and 𝛽2 values are 0, reducing equation 6 to;  

ΔYt= 𝛿Yt-1+Σm
i=1𝛼𝑖Δ𝑌t-i+휀t………... equation 7 

The guiding hypotheses for this test are: 

Ho ……. Price series data are non-stationary 

H1……. Price series data are stationary 

When ‘Y’ is statistically indifferent from zero, the series has a unit root thus is non-stationary.  

Stationarity means the price series pairs move in the same direction in the long run. The next 

step is then to check the direction of this movement. The ADF test is performed using EViews 

version 9. The test is performed at three levels; intercept, at intercept and trend and no trend or 

intercept. They are represented by equation 8, 9 and 10 respectively. 

ΔYt= 𝛽1+𝛿Yt-1+𝛼𝑖+휀t………... equation 8 

ΔYt= 𝛽1+ 𝛽2+𝛿Yt-1+𝛼𝑖+휀t………... equation 9 

ΔYt= 𝛿Yt-1+𝛼𝑖+휀t………... equation 10 

3.6.2 Co-integration tests 

The co-integration tests are done to verify the law of one price.  It hypothesizes that although 

price disturbances may occur in the short run, a long run equilibrium exists. This means that 

any dynamics of the price relationships in co-integrated markets converge in the long run 

towards the LOOP. Approaches used in co-integration analysis are the Engel and Granger 
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(1987) and Johansen (1990) vector autoregressive (VAR) approach. The former is used in 

bivariate analyses, the later in multivariate analyses (Haji, 2014). These tests are a follow-up 

of the Unit root tests. The Engel and Granger test has an advantage over the other tests in that 

it is less sensitive to distribution assumptions (Yoon, 2017). It is also the simplest cointegration 

technique. This research applies Engel and Granger test since the focus is on how the rural 

market chosen (Kisii) connects to the urban markets.  

Engel and Granger Test 

The Engel and Granger test uses stationary data for testing the long-run relationship. This 

technique enables the researcher to understand the extent and direction of market integration.  

The technique analyses spatial market integration in a context of short run price deviations that 

level up in the long run (Castillo et al., 2015). The guiding hypotheses for this test are:  

Ho ……. There is no co-integration 

H1……. There is co-integration 

The co-integration regression equation to be estimated is (Abdulai, 2006); 

Pt
1= 𝛼0+𝛼1Pt

2+Ut ……...Equation 11 

Where 

Pt
1is the price at regional market at time t 

Pt
2 is the price at the central market at time t 

𝛼0 is a constant term 

𝛼1 is the co-integration parameter 

Ut is the random error term with constant variances/ price spread 
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Granger Causality 

The granger causality test is used to show the association between time series variables. It also 

determines how current and past prices in a market influences future prices in another market 

(Jena, 2016). It analyses all possible pairwise combinations in the selected markets to identify 

the existing relationships. There are two directions which causality can follow that is 

unidirectional and bidirectional. Unidirectional occurs when one variable influences the other 

while bidirectional occurs when both variables influence each other (Zewdie, 2017). If both 

situations lack, then there is no causality relationship.  

Prices in one market are regressed on the lagged values of the other market, this means that if 

two markets are integrated, the prices in one market influence the prices in the other market. It 

represents a lead and lag situation, but does not explain the nature of price relationships 

(Fackler et al., 2001). It handles pairs of time series variables and determines the leader and 

the follower role of the markets (Chalil, 2016). This assessment is done within the Vector 

Autoregressive (VAR) framework testing the hypothesis Pt
2 causes Pt

1. This tests the price 

transmission within the selected markets (Rapsomanikis et al., 2006). Causality tests are more 

applicable in the analysis of domestic markets since causality from domestic to international 

market is a rare occurrence (Minot, 2011). The hypotheses to be tested are; 

Ho ……. There are no causal relationships in the domestic market. 

H1……. There exists at least one causal relationship 

3.6.3 Vector Error Correction Model  

The Vector Error Correction Model is based on the principle that a long run relationship exists 

between co-integrated variables. It aims at correcting short run equilibrium disturbances. 

Within the model, any disruptions that occur in one period are corrected in the next period. The 

long run model is combined with short run dynamics to give an estimate of the speed of 

adjustments. It is interpreted as a long run steady situation within which model dynamics 
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fluctuate (Neusser, 2016). If two time series values of X and Y are integrated, then an error 

correction model exists.  The VECM is applicable when certain conditions are met. The first 

condition is that the variables are co-integrated while the second is that the variables follow a 

random walk (Minot, 2011). It estimates the speed at which prices adjust to the long run 

equilibrium (Chalil, 2016). This speed is essential since it enables the researcher to understand 

the extent of market integration in the short run (Rapsomanikis et al., 2006). The general 

formula of VECM is; 

𝛥𝑦𝑖𝑡 = 𝛼𝑖 +∑ 𝜃𝑛
𝑗−1 𝛥𝑦𝑗𝑡−1 + 𝑌𝑖휀𝑖𝑡 + 𝜖𝑡…………equation 12 

Where  

Δyit is the first difference of price series 

yjt is the price series in the second market 

εit is the residual series 

𝜖t is the error term of the residuals 

γi is the speed of adjustment 

θi is the short run dynamics 

The VECM assesses the dynamics of price relations and the speed of adjustment over time. 

(Rapsomanikis et al., 2006). The hypotheses to be tested by the model are; 

Ho ……. Error correction term is equal to zero 

H1……. Error correction term is not equal to zero 
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3.7 Data Sources 

This study utilises secondary data from the Ministry of Agriculture, Livestock and Fisheries 

in Kenya. Price is a key indication of the functioning of markets. It is for this reason that it 

is used in market integration studies. The data needed include; 

Avocado price data- This study uses time series data for its analysis. The Ministry of 

Agriculture in Kenya computes early morning data prices of agricultural commodities daily, 

after which weekly and monthly averages are calculated.  The data used in this analysis are 

monthly average prices in domestic markets in the period 2010 to 2019. This period is 

adequate to give insights into the functioning of regional avocado markets in Kenya. The 

prices are wholesale prices (price of a 90Kg bag). Wholesale prices are used due to limited 

availability of retail prices. Monthly data is used since it has fewer missing values compared 

to the weekly and daily data. 

3.8 Data Processing 

Data processing involves organizing and evaluating the data collected using analytical and 

logical reasoning. The data collected is usually in raw form, analysis therefore tries to obtain 

useful information from this. Descriptive statistics were used to quantitatively analyse the price 

series data sets for mean, minimum, maximum and trends. The tools used in data processing 

are Microsoft Excel spreadsheet which was used for sorting and reorganizing the relevant data, 

RStudio (version 3.5.1) was used for data preparing and cleaning and initial analysis while E-

views (version 9) is used in performing the ADF test and the cointegration analysis. Data 

cleaning is an essential step to prepare for analysis and avoid wrong inferences.  Graphical 

analysis is used to show the trend in prices. The RStudio script used is included in the annex 

section. 
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The prices obtained are in Kenyan shillings and remain as so in the analysis. In order to deal 

with currency fluctuations, all prices are deflated using consumer price index to cater for 

inflation. CPI compares the current price values to the previous year’s price values at a 

particular point in time (FAO, 2010). The real prices obtained thereafter, are then used for 

analysis. The CPI values for the years 2010 to 2018 are obtained from World Bank (2020) 

and that of 2019 is obtained from Kenya National Bureau of Statistics (2020). The year 2010 

is taken as the base year. The execution is done in an excel spreadsheet. The formula applied 

is; 

Real price in current year= CPI base year/CPI current year * Nominal price current year 

3.9 Limitations in the analysis  

There exist several techniques to assess market integration. This work is limited within the co-

integration technique which requires extensive data availability. The technique also assumes 

that a long run equilibrium exists, which does not hold true in all situations. The existence of 

fixed adjustment costs may act as a hindrance (Abdulai, 2000).  Barrett et al. (2002) argues that 

the co-integration technique is insufficient in the analysis of spatial markets since it assumes 

stationary transaction costs 

Another limitation of this analysis is the fact that it is limited to a few domestic markets in 

Kenya and not all. The markets were specifically selected due to data availability.  In the 

selected data set, there are a few missing values, out of 600 observations, 40 were missing. 

This represents 6.6% of the data. The missing values are as a result of non-reporting. For 

analysis purposes, the missing values are estimated using imputeTS package (Moritz et al., 

2017) of RStudio and analysis proceeds thereafter using the complete dataset. 
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CHAPTER FOUR 

RESULTS AND DISCUSSIONS 

4.1 Introduction 

This chapter describes the findings of this research. They are displayed and discussed in 

accordance with the conceptual framework developed in chapter three above.  

4.2 Descriptive statistics  

The number of observations made in each market is 120. Prices in the markets varied in the 

ten-year period (2010 to 2019). This variability is crucial in understanding the price relations 

between the markets. Descriptive statistics are performed on the data and the results are 

displayed in table 4 below. We observe that prices in the urban markets surpass the prices in 

the rural and producer market. Kisii which is the rural market; recorded the lowest prices in the 

entire period. Mombasa recorded the highest prices. The lowest recorded price is KES4 284, 

while the highest price is KES 3235. The high prices in Mombasa could be due to the fact it is 

the furthest from the producer market. As a result, it is affected by high transport costs involved 

in receiving produce especially perishable commodities. In addition, it is likely to experience 

adverse shortages due to any irregularities that may occur in the supply chain. All these factors 

influence trade in distant markets. 

The degree of skewness in the dataset ranges from positive values to negative values. Nairobi, 

Eldoret and Kisii are skewed to the right while Nakuru and Mombasa are skewed to the left. 

The level of skewness in both directions is moderate. The Kurtosis values range from -0,86 to 

1,73 lying within the acceptable range of -2 and +2 (Sudha , 2017). The level of Kurtosis 

depends on the outliers available in the data. As depicted in Annex 3, it was only in Nairobi 

 
4 1 Euro=115. 988 KES (Kenyan Shilling). Exchange rate on 27/5/2020, from www.oanda.com 

http://www.oanda.com/
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that the price series did not exhibit outliers. Our data therefore has minimal deviations from a 

normal distribution. We also observe that Mombasa has the highest standard deviation 

implying a higher price volatility in Mombasa. As discussed above, it is most distant market 

and its price levels are subject to other external influences. On the other hand, Nakuru has the 

lowest standard deviation implying low variability in price levels. This could be attributed to 

the fact that Nakuru does not entirely depend on other markets for supply of avocado as it also 

produces its own on a limited scale.  

Table 4: Characteristics of the distribution of prices in Kenyan Shillings 

 Nairobi Kisii Eldoret Nakuru Mombasa 

Mean  1717 705 1370 1514 2134 

SD 350 347 340 284 396 

Min 1152 284 700 448 950 

Max 2480 2033 2431 2240 3235 

Median 1685 609 1295 1576 2072 

Skew 0.31 1.48 0.94 -0.55 -0.04 

Kurtosis -1,06 1,96 0,56 0,85 1,77 

Observations 120 120 120 120 120 

 

4.3 Co-movement in Prices 

Time series data can either display a deterministic character subject to trend, seasonality and 

cyclical components or be irregular implying a stationary process (Buteikis, 2018). To 

understand price relations in the five markets in the ten-year period, time series plots are 

developed using ggplot2 package in RStudio. The result is illustrated in figure 8 below. An 

interaction graph of all price series is included in annex 4. We observe seasonal price variations 

in all the markets (see annex 5). Nairobi and Kisii experienced seasonality and a downward 
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trend. In Eldoret and Nakuru, the prices exhibit both seasonality and cyclical components. They 

also exhibit a downward trend, but it is at a lower magnitude compared to that of Nairobi and 

Kisii. The prices in Mombasa do not display any specific deterministic feature, but rather high 

price variability over the years. A 2-year forecast graph of the market prices (in annex 6) 

indicates a 95% chance that the prices in Nairobi and Kisii will continue to decrease; but at a 

slower rate. On the other hand, the prices in Eldoret, Nakuru and Mombasa will incur higher 

price variations. When prices of an agricultural commodity are decreasing, farmers are worse 

affected. From the observation, the avocado farmers have continuously incurred low prices in 

the last decade. This is despite avocado being a high value crop.  

 

Figure 8: Graph showing price series5 trends 

 
5 R_Nai, R_Kis, R_Eld, R_Nak and R_Mom refer to CPI adjusted prices for Nairobi, Kisii, Eldoret, Nakuru and 
Mombasa respectively. 
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To understand the linear relationship of the prices in the different markets, a bivariate 

correlation analysis is performed on the lagged values of the price series. The results are 

displayed in table 5 below. We observe significant positive correlations in the markets. The 

strongest correlation exists between price series in Nakuru and Nairobi at 0,7; followed closely 

by those of Nairobi and Kisii at 0,5. The weakest correlations are between price series in 

Eldoret and Nakuru; Eldoret and Mombasa each at 0,1. There is no significant correlation in 

price series of three pairs of markets that is Mombasa and Nakuru, Eldoret and Kisii, Kisii and 

Mombasa.   

The price series of Mombasa has little or no association with the price series in the other 

markets, this is due to its high price volatility that is not experienced in the other markets.  

There is also positive correlation between price levels in Kisii and lagged prices of the other 

markets. The exception is between Kisii and the lagged price series of Eldoret and Mombasa. 

Since most correlation coefficients are positive, we can presume that the series have a common 

movement. The coefficients range from high to very low. A high coefficient would imply 

integration. However, correlation among price series could possibly be due to other factors and 

not necessarily market integration. For this reason, further analysis is undertaken to determine 

integration. 

Table 5: Correlation Analysis 

Covariance Analysis: Ordinary     

Date: 05/28/20   Time: 13:30     

Sample: 2011M01 2019M12     

Included observations: 108     

Balanced sample (listwise missing value deletion)    
       
       
Correlation KISII  LAG_ELDORET  LAG_KISII  LAG_MOMBASA  LAG_NAIROBI  LAG_NAKURU  

KISII  1.000000      

LAG_ELDORET  -0.067337 1.000000     

LAG_KISII  0.436973 0.020782 1.000000    

LAG_MOMBASA  0.027323 0.104935 -0.047657 1.000000   

LAG_NAIROBI  0.495684 0.423504 0.495201 0.164461 1.000000  

LAG_NAKURU  0.407666 0.111359 0.354178 0.068943 0.750359 1.000000 
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4.4 Stationarity tests 

The ADF test is performed on all observations at 1%, 5% and 10% level of significance. 

Schwarz Info Criterion is used in the selection of the number of lags; it yields 12 lags. This is 

appropriate for monthly time series data (Wooldridge, 2012). The ADF tests are done at level 

and first differencing of prices in the five markets. This analysis is performed in three different 

models of ADF; that is at the intercept, trend and intercept and with no trend or intercept.  

The models of interest in this study are the trend with intercept and no trend or intercept models. 

These two are chosen since the plots of the series (in figure 8 above) reveal either a downward 

trend or no specific trend. When the series exhibits a clear trend and the model underrepresents 

it, results obtained are biased in favour of the null hypothesis. Likewise, if the series has no 

trend but the ADF regression contains a trend, the power of the test is reduced (Neusser, 2016). 

Annex 8 shows the results at level, we observe that for the trend and intercept model, the null 

hypothesis (price series is non-stationary) is rejected in Nairobi, Kisii, Nakuru and Mombasa. 

This means that these series are stationary while Eldoret is non-stationary. On the other hand, 

from the results of the no trend or intercept model, the null hypothesis is rejected in Kisii. This 

means that only price series for Kisii are stationary. 

The results from the two models imply there is evidence of stationarity, but it is not conclusive 

for all the markets. Series with different order of integration imply that the markets are not 

integrated (Chalil, 2016). Annex 9 shows the results of the first differencing of the price series. 

Differencing eliminates trends in the series. Since all p-values resulting are zero, we reject the 

null hypothesis (price series are non-stationary). The results indicate that at first differencing 

the price series are stationary and integrated of order 1(1). The resulting graph is displayed in 

figure 10 below. Stationarity implies that the mean and variance remain static over time and 

the effects of seasonality are minimal. Markets must be integrated in the same order to allow 

cointegration analysis (Baiyegunhi et al., 2018). The ADF results at 1st differencing is 
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satisfactory to proceed with the co-integration analysis. If the price series variables have a unit 

root, and this is not addressed; any further analysis result is spurious and not dependable 

(Hatemi-J, 2018). 

 

Figure 9: Graph of stationary price series6 data 

 

4.5 Engel and Granger Test 

In the second part of the cointegration technique, the Engel and Granger test is performed. This 

test is a bivariate cointegration test and therefore analyses one relationship at a time. It involves 

two steps. The first being the estimation of the regression equation consisting of the 

independent and dependent variables; the second is testing stationarity of residuals from the 

model (Engel et al., 1987). The variables are cointegrated only when the residuals are 

stationary. This pairwise analysis is done on the differenced price series. Differencing is 

 
6 KIS_DF1, ELD_DF1, NAI_DF1, NAK_DF1 and MOM_DF1 refer to the 1st differencing of price series in Kisii, 
Eldoret, Nairobi, Nakuru and Mombasa respectively. 
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beneficial in that it removes any linear time trend from the series. This is a strict requirement 

for cointegration analysis (Wooldridge, 2012).  

In the first step an OLS regression equation is estimated, Kisii is selected as the dependent 

variable while the independent variables are urban markets (Nairobi, Mombasa, Nakuru and 

Eldoret). In the first model price variables from all the markets are included, these results are 

displayed in annex 10. Subsequently, the other four modes are estimated; Kisii being the 

dependent variable, and each of the four urban markets representing the independent variable 

(see annexes 12, 14, 16 and 18). All the estimated models are valid since all R-squared values 

obtained are lower than the Durbin Watson statistic.  

Thereafter, an ADF test is performed on the resulting residuals. The results from all the models 

are similar, they are represented in annexes 11, 13, 15,17 and 19. The t-statistic values from 

these ADF tests are compared against the cointegration critical values at 10%, 5% and 1% 

significance levels (see table 5 below). The critical values are obtained from MacKinnon, 

(2010). Given that the values of the t-statistic are greater than all the critical values, there is not 

enough evidence to reject the null hypothesis (there is no Cointegration of the price series) and 

conclusion is made that there is no interdependence in the local domestic markets, implying 

segmentation.  

Table 6: Critical Values vs ADF test statistic for model with 2 variables 

Significance 

level 

Observations Critical values for model with 

no trend 

ADF test statistic 

1% <600 -3,90 -2,58 

5% <600 -3,30 -1,94 

10% <600 -3,04 -1,61 
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4.6 Granger Causality test 

The causality test is an additional evidence to the results of the Engle and Granger test. The 

results obtained are displayed in annex 20. The observation is that no causal relationships 

exists, meaning that price changes in one market do not influence changes in any of the other 

markets. This observation validates the result of the Engle and Granger test that reveal no 

cointegration in the domestic avocado markets in Kenya. When markets are integrated; there 

exists at least one relationship where price series in one market influence the other 

(Rapsomanikis et al., 2006).  

There are several reasons which could explain this situation. For example; high transport costs 

between the markets, imperfect substitution, inadequate information on prices and poor market 

infrastructure (Goundan et al., 2016). Since there are no causal relationships in the domestic 

markets it means there is asymmetric information flow. The farmers’ production decisions are 

entirely independent and not based on market intelligence. This creates an overreliance on 

middlemen who in most cases would buy the produce at low costs and sell at high costs. While 

consumers complain of high food prices, the farmers complain of low prices. The benefits are 

mostly accrued by the middlemen.   

4.7 Vector Error Correction Model 

When two variables are not cointegrated, it implies there is no long run relationship and any 

regression model formed thereafter is spurious and the results meaningless (Wooldridge, 2012). 

However, this model can be useful in explaining the differences between the variables but not 

their relationship. Since from the cointegration analysis, we found no integration existing in 

the local markets, conducting the VECM is not necessary. The absence of integration means 

that the markets are not linked by competitive arbitrage.  
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4.8 Policy Implication 

This analysis was done on a step by step basis. The general observation is that there is price 

co-movement in price series. Correlation also existed; tentatively informing that market 

integration exists. However, on further analysis using the cointegration and granger causality 

tests, these results were not confirmed. It is noted that although co-movement and correlation 

exists, there is no long run equilibrium to which prices respond. In designing policies this is a 

crucial consideration since existence of correlation in the markets means that policy changes 

in one market would have a similar effect on all the other markets (FAO, 2010).  

The absence of causal relations means that demand and supply in each of the markets are 

unique. Policy should therefore be market specific addressing the needs of each market. 

However, on the downside this could mean extra costs in implementation. Given that each of 

the markets are in different counties and the government is devolved, then each county could 

work on its own implementation plans all aimed at achieving specific goals. The goals could 

include improved market access by both producers and consumers. An important consideration 

in designing the policies would be specifying a goal which can be achieved through the 

implementation of several individual projects. 

One policy option is the improvement of existing markets functions. Since market efficiency 

can be improved through market integration; policy should address the issues that improve 

market integration. They include enhanced access to market information, the establishment of 

market infrastructure including physical buildings, road networks and storage facilities. 

Improved access to market information will go a long way in helping the farmers in sourcing 

for the buyers once the produce is ready. It will also mean that the buyers can communicate 

their needs to the producer. The marketing costs often hinder main market access, these could 

be reduced as well.  
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Geographic distance may influence trade and arbitrage (Goundan et al., 2016). This means that 

food miles are a key policy consideration. Once an agricultural commodity is produced, it needs 

to be distributed to the consumers. In some instances, the consumer is far from the production 

zones; therefore, a lot of time and distances are covered to get food to the end consumer. This 

movement of the produce from one place to another, involves costs which increases the food 

prices to the end consumer. Given the perishable and bulky nature of agricultural commodities, 

it means special attention is needed in transportation. These could include handling and 

packaging requirements, which further increase the costs. Policy should aim at making the food 

distribution system efficient. This will ensure availability and accessibility of agricultural 

commodities. It will also significantly reduce postharvest losses.  

Locally traded commodities experience more price volatility compared to internationally 

traded goods (Goundan et al., 2016). Given that the larger avocado market in Kenya is the 

domestic market, then volatility is unavoidable. Price stabilization policies could play a crucial 

role in cushioning the producers against adverse price changes. Farmers could need support in 

distribution mechanisms to access distant markets. Important considerations in designing food 

distribution programs are food safety and perishability.  

Since production volumes are known, it would be crucial to understand consumer behaviour in 

designing the market development strategies. Demand is influenced by household income, at 

the same time, the supply from a household will influence its income level. Considerations in 

examining consumer behaviour include; dietary needs, food preferences, urbanization, income 

levels, market prices, among others. Some factors that influence the supply include; production 

levels, postharvest losses, demand for substitute commodities among others. Changing 

consumer patterns and urbanization also influence food systems and rural economies. All these 

must be considerations for policy. 
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Policy should also drive production by supporting farmers in acquisition of high-quality tree 

seedlings and education on crop management practices. In addition to economic incentives for 

promoting production, a well-organised support system is crucial. Policy should aim at 

strengthening social capital to enhance the success in the implementation of projects. This 

could be through partnerships, strengthening civil societies and farmer education through 

farmer field schools. In order to ensure successful partnerships, both private and public 

stakeholders should be involved. Strengthening social capital also involves working with the 

farmers on follow up activities to oversee policy implementation. A strong social system could 

be useful in the strengthening or establishment of farmer cooperatives. These would benefit 

from economies of scale through; increased bargaining power in fetching higher prices for their 

produce and reduced informational and other transactional costs.  

 

CHAPTER FIVE 

CONCLUSION 

This research is a spatial market integration analysis done in five avocado markets in Kenya. 

The technique applied is the Engle and Granger cointegration. The results obtained at the initial 

stages of the analysis implied existence of integration, but further analysis revealed that this 

was void. One evident conclusion is that correlation alone cannot detect integration and further 

analysis is always needed to validate or disapprove the results of correlation analysis. We can 

conclude that correlation and cointegration are different and the fact that market prices are 

correlated does not mean that the markets are integrated. A general observation from the results 

of this study is that a successful policy should be based on evidence from research.  

Another conclusion that we can draw from the analysis is that tradability between the domestic 

markets is not fully exploited and market integration would serve a long part in improving it. 
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The domestic markets are not cointegrated and the producers from Kisii don’t easily access the 

other markets. The persistence of this situation means that the farmers do not have adequate 

market access and will continue to incur low prices from the sale of avocado produce. The 

prices will remain low provided that their access to other markets is limited. One of the crucial 

goals in improving income among farmers is by improving market access which can be attained 

by integration.  

Seasonal variations are experienced in the markets with huge price variations experienced in 

the months of July to December. This is in line with the annual production cycle. The seasonal 

patterns vary from market to market. The farthest market (Mombasa) experienced high 

seasonal price variability. We also conclude that prices in the short run move in the same 

direction, but a long run relationship is not established. In addition, the lack of a long run 

equilibrium in the avocado markets implies future instability in the price levels. However, this 

study did not establish the speed of adjustment to the long run equilibrium since no 

cointegration relationships were present between all market pairs. The granger causality test 

was used to test for price transmission. These results showed that none of the selected markets 

had influence over prices in the other markets. 
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Annex 2: RStudio Scripts 
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Annex 3: Boxplot of the timeseries data showing outliers 

 

Observation: there are a few outliers in data from Kisii, Eldoret, Nakuru and Mombasa 
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Annex 4: The local avocado market prices 

 

Annex 5: Seasonality graphs for the selected domestic markets 

 

Observation: Seasonal price variations exist in all markets 
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Annex 6: Price forecast for the selected domestic markets 

 

 

Observation: Series are likely to exhibit the same downward trend observed in the last ten years 
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Annex 7: Residuals from the Arima models 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Observation: Minimal or no autocorrelation in the residuals; models are good for prediction 
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Annex 8: ADF at level 

 Model t. Statistic P. Value 

Prices in Nairobi Intercept -2,4500 0,1305 

Trend and intercept -4,6510 0,0014 

None -0,8598 0,3415 

Prices in Kisii Intercept -3,6814 0,0056 

Trend and intercept -4,0782 0,0089 

None -2,3320 0,0196 

Prices in Nakuru Intercept -4,4509 0,0004 

Trend and intercept -5,2014 0,0002 

None -0,9119 0,3193 

Prices in Eldoret Intercept -4,2201 0,0009 

Trend and intercept -4,2394 0,0054 

None -0,8499 0,3458 

Prices in Mombasa Intercept -6,4583 0,0000 

Trend and intercept -6,4541 0,0000 

None -0,5628 0,4714 

Observation: Price series are non-stationary 

Annex 9: ADF at 1st Differencing 
 Model t. Statistic P. Value 

Prices in Nairobi Intercept -12,8739 0,0000 

Trend and intercept -12,8175 0,0000 

None -12,9076 0,0000 

Prices in Kisii Intercept -16,9029 0,0000 

Trend and intercept -16,9295 0,0000 

None -16,8889 0,0000 

Prices in Nakuru Intercept -16,4751 0,0000 

Trend and intercept -16,4190 0,0000 

None -16,5425 0,0000 

Prices in Eldoret Intercept -13,3610 0,0000 

Trend and intercept -13,3098 0,0000 

None -13,4193 0,0000 

Prices in Mombasa Intercept -9,6385 0,0000 

Trend and intercept -9,5949 0,0000 

None -9,6805 0,0000 

Observation: All series are stationary at 1st differencing 
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Annex 10: OLS Regression Model for all markets 
Dependent Variable: KIS_DF1   

Method: Least Squares   

Date: 04/29/20   Time: 16:29   

Sample (adjusted): 2010M02 2019M12  

Included observations: 119 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     MOM_DF1 -0.049425 0.049767 -0.993136 0.3227 

NAI_DF1 0.054266 0.142671 0.380358 0.7044 

NAK_DF1 -0.081192 0.098731 -0.822354 0.4126 

ELD_DF1 -0.081394 0.087234 -0.933058 0.3528 

C -13.49664 19.50090 -0.692104 0.4903 
     
     R-squared 0.016327     Mean dependent var -13.63650 

Adjusted R-squared -0.018188     S.D. dependent var 210.5566 

S.E. of regression 212.4627     Akaike info criterion 13.59652 

Sum squared resid 5146005.     Schwarz criterion 13.71329 

Log likelihood -803.9928     Hannan-Quinn criter. 13.64394 

F-statistic 0.473049     Durbin-Watson stat 2.770575 

Prob(F-statistic) 0.755425    
     
     
 

Annex 11: ADF test on residuals (all markets) 
 

Null Hypothesis: RESIDALL has a unit root  

Exogenous: None   

Lag Length: 0 (Automatic - based on SIC, maxlag=12) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -16.55749  0.0000 

Test critical values: 1% level  -2.584707  

 5% level  -1.943563  

 10% level  -1.614927  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(RESIDALL)  

Method: Least Squares   

Date: 05/27/20   Time: 21:17   

Sample (adjusted): 2010M03 2019M12  

Included observations: 118 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     RESIDALL(-1) -1.394413 0.084216 -16.55749 0.0000 
     
     R-squared 0.700875     Mean dependent var 1.730185 

Adjusted R-squared 0.700875     S.D. dependent var 349.0774 

S.E. of regression 190.9186     Akaike info criterion 13.35001 

Sum squared resid 4264638.     Schwarz criterion 13.37349 

Log likelihood -786.6506     Hannan-Quinn criter. 13.35954 

Durbin-Watson stat 2.070117    
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Annex 12: OLS Kisii and Eldoret 
Dependent Variable: KIS_DF1   

Method: Least Squares   

Date: 04/29/20   Time: 15:44   

Sample (adjusted): 2010M02 2019M12  

Included observations: 119 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     ELD_DF1 -0.041739 0.078068 -0.534652 0.5939 

C -13.53308 19.36133 -0.698975 0.4860 
     
     R-squared 0.002437     Mean dependent var -13.63650 

Adjusted R-squared -0.006089     S.D. dependent var 210.5566 

S.E. of regression 211.1966     Akaike info criterion 13.56012 

Sum squared resid 5218669.     Schwarz criterion 13.60683 

Log likelihood -804.8271     Hannan-Quinn criter. 13.57909 

F-statistic 0.285853     Durbin-Watson stat 2.802461 

Prob(F-statistic) 0.593905    
     
     
 

 

Annex 13: ADF on residuals (Kisii and Eldoret) 
 

Null Hypothesis: RESIDKE has a unit root  

Exogenous: None   

Lag Length: 0 (Automatic - based on SIC, maxlag=12) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -16.91154  0.0000 

Test critical values: 1% level  -2.584707  

 5% level  -1.943563  

 10% level  -1.614927  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(RESIDKE)  

Method: Least Squares   

Date: 05/27/20   Time: 21:26   

Sample (adjusted): 2010M03 2019M12  

Included observations: 118 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     RESIDKE(-1) -1.411314 0.083453 -16.91154 0.0000 
     
     R-squared 0.709670     Mean dependent var 1.810932 

Adjusted R-squared 0.709670     S.D. dependent var 353.5502 

S.E. of regression 190.5010     Akaike info criterion 13.34563 

Sum squared resid 4246002.     Schwarz criterion 13.36911 

Log likelihood -786.3922     Hannan-Quinn criter. 13.35516 

Durbin-Watson stat 2.085033    
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Annex 14: OLS Kisii and Nairobi 
Dependent Variable: KIS_DF1   

Method: Least Squares   

Date: 04/29/20   Time: 16:05   

Sample (adjusted): 2010M02 2019M12  

Included observations: 119 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     NAI_DF1 -0.006651 0.134240 -0.049545 0.9606 

C -13.68032 19.40397 -0.705027 0.4822 
     
     R-squared 0.000021     Mean dependent var -13.63650 

Adjusted R-squared -0.008526     S.D. dependent var 210.5566 

S.E. of regression 211.4522     Akaike info criterion 13.56254 

Sum squared resid 5231310.     Schwarz criterion 13.60925 

Log likelihood -804.9711     Hannan-Quinn criter. 13.58151 

F-statistic 0.002455     Durbin-Watson stat 2.804211 

Prob(F-statistic) 0.960570    
     
     
 

Annex 15: ADF on residuals (Kisii and Nairobi) 
 

Null Hypothesis: RESIDKN has a unit root  

Exogenous: None   

Lag Length: 0 (Automatic - based on SIC, maxlag=12) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -16.97484  0.0000 

Test critical values: 1% level  -2.584707  

 5% level  -1.943563  

 10% level  -1.614927  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(RESIDKN)  

Method: Least Squares   

Date: 05/27/20   Time: 21:27   

Sample (adjusted): 2010M03 2019M12  

Included observations: 118 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     RESIDKN(-1) -1.413314 0.083259 -16.97484 0.0000 
     
     R-squared 0.711206     Mean dependent var 1.956147 

Adjusted R-squared 0.711206     S.D. dependent var 354.0878 

S.E. of regression 190.2853     Akaike info criterion 13.34336 

Sum squared resid 4236393.     Schwarz criterion 13.36684 

Log likelihood -786.2585     Hannan-Quinn criter. 13.35290 

Durbin-Watson stat 2.093141    
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Annex 16: OLS Kisii and Mombasa 
Dependent Variable: KIS_DF1   

Method: Least Squares   

Date: 04/29/20   Time: 16:12   

Sample (adjusted): 2010M02 2019M12  

Included observations: 119 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     MOM_DF1 -0.041397 0.047901 -0.864211 0.3892 

C -13.79260 19.32327 -0.713782 0.4768 
     
     R-squared 0.006343     Mean dependent var -13.63650 

Adjusted R-squared -0.002150     S.D. dependent var 210.5566 

S.E. of regression 210.7828     Akaike info criterion 13.55620 

Sum squared resid 5198237.     Schwarz criterion 13.60291 

Log likelihood -804.5937     Hannan-Quinn criter. 13.57516 

F-statistic 0.746861     Durbin-Watson stat 2.781601 

Prob(F-statistic) 0.389240    
     
     
 

Annex 17: ADF on residuals (Kisii and Mombasa) 
 

Null Hypothesis: RESIDKM has a unit root  

Exogenous: None   

Lag Length: 0 (Automatic - based on SIC, maxlag=12) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -16.74979  0.0000 

Test critical values: 1% level  -2.584707  

 5% level  -1.943563  

 10% level  -1.614927  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(RESIDKM)  

Method: Least Squares   

Date: 05/27/20   Time: 21:28   

Sample (adjusted): 2010M03 2019M12  

Included observations: 118 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     RESIDKM(-1) -1.402127 0.083710 -16.74979 0.0000 
     
     R-squared 0.705692     Mean dependent var 1.974597 

Adjusted R-squared 0.705692     S.D. dependent var 351.5407 

S.E. of regression 190.7113     Akaike info criterion 13.34784 

Sum squared resid 4255385.     Schwarz criterion 13.37132 

Log likelihood -786.5224     Hannan-Quinn criter. 13.35737 

Durbin-Watson stat 2.083481    
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Annex 18: OLS Kisii and Nakuru 
Dependent Variable: KIS_DF1   

Method: Least Squares   

Date: 04/29/20   Time: 16:25   

Sample (adjusted): 2010M02 2019M12  

Included observations: 119 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     NAK_DF1 -0.050549 0.091571 -0.552025 0.5820 

C -13.78158 19.36059 -0.711837 0.4780 
     
     R-squared 0.002598     Mean dependent var -13.63650 

Adjusted R-squared -0.005927     S.D. dependent var 210.5566 

S.E. of regression 211.1796     Akaike info criterion 13.55996 

Sum squared resid 5217829.     Schwarz criterion 13.60667 

Log likelihood -804.8176     Hannan-Quinn criter. 13.57893 

F-statistic 0.304732     Durbin-Watson stat 2.802685 

Prob(F-statistic) 0.581984    
     
     
 

Annex 19: ADF on residuals (Kisii and Nakuru) 
 

Null Hypothesis: RESIDKNK has a unit root  

Exogenous: None   

Lag Length: 0 (Automatic - based on SIC, maxlag=12) 
     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -16.96739  0.0000 

Test critical values: 1% level  -2.584707  

 5% level  -1.943563  

 10% level  -1.614927  
     
     *MacKinnon (1996) one-sided p-values.  

     

     

Augmented Dickey-Fuller Test Equation  

Dependent Variable: D(RESIDKNK)  

Method: Least Squares   

Date: 05/27/20   Time: 21:29   

Sample (adjusted): 2010M03 2019M12  

Included observations: 118 after adjustments  
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     RESIDKNK(-1) -1.412735 0.083262 -16.96739 0.0000 
     
     R-squared 0.711025     Mean dependent var 1.987117 

Adjusted R-squared 0.711025     S.D. dependent var 353.5348 

S.E. of regression 190.0476     Akaike info criterion 13.34086 

Sum squared resid 4225816.     Schwarz criterion 13.36434 

Log likelihood -786.1110     Hannan-Quinn criter. 13.35040 

Durbin-Watson stat 2.096763    
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Annex 20: Granger Causality 
 
 
 

   
 

Pairwise Granger Causality Tests 

Date: 06/04/20   Time: 22:23 

Sample: 2010M01 2019M12 

Lags: 2   
    
     Null Hypothesis: Obs F-Statistic Prob.  
    
     LAG_KISII does not Granger Cause LAG_ELDORET  106  0.07609 0.9268 

 LAG_ELDORET does not Granger Cause LAG_KISII  0.34574 0.7085 
    
     LAG_MOMBASA does not Granger Cause LAG_ELDORET  106  1.39994 0.2514 

 LAG_ELDORET does not Granger Cause LAG_MOMBASA  2.70680 0.0716 
    
     LAG_NAIROBI does not Granger Cause LAG_ELDORET  106  0.48316 0.6182 

 LAG_ELDORET does not Granger Cause LAG_NAIROBI  0.32622 0.7224 
    
     LAG_NAKURU does not Granger Cause LAG_ELDORET  106  0.80681 0.4491 

 LAG_ELDORET does not Granger Cause LAG_NAKURU  1.81820 0.1676 
    
     LAG_MOMBASA does not Granger Cause LAG_KISII  106  0.21335 0.8082 

 LAG_KISII does not Granger Cause LAG_MOMBASA  0.60638 0.5473 
    
     LAG_NAIROBI does not Granger Cause LAG_KISII  106  0.30070 0.7410 

 LAG_KISII does not Granger Cause LAG_NAIROBI  2.62341 0.0775 
    
     LAG_NAKURU does not Granger Cause LAG_KISII  106  0.11043 0.8956 

 LAG_KISII does not Granger Cause LAG_NAKURU  1.16913 0.3148 
    
     LAG_NAIROBI does not Granger Cause LAG_MOMBASA  106  0.67097 0.5135 

 LAG_MOMBASA does not Granger Cause LAG_NAIROBI  1.57619 0.2118 
    
     LAG_NAKURU does not Granger Cause LAG_MOMBASA  106  0.04601 0.9551 

 LAG_MOMBASA does not Granger Cause LAG_NAKURU  0.10534 0.9001 
    
     LAG_NAKURU does not Granger Cause LAG_NAIROBI  106  1.53213 0.2211 

 LAG_NAIROBI does not Granger Cause LAG_NAKURU  6.98891 0.0014 
    
    

Observation: No causality relationships in the markets 

 

 

 

 

 

 

 


