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Abstract      

This work seeks to study spatial price transmission and market integration of watermelon 

markets in northeast of Nigeria.  The Johansan Co-integration test, Vector Error Correction 

model and Granger Causality Test were employed on time series data collected for 10 years 

(2007-2017) among 292 watermelon marketers in the study area. Johansan Co- integration 

test revealed that the four watermelon markets were significantly not Co-integrated. The 

criterion for selection is that trace statistic value was greater in absolute term than the critical 

value at 0.01 and 0.05 levels of significant. Vector Error Correction (VEC) test showed that 

the speed price adjustment was significant at short-run. The implication is that there was 

asymmetric information among the markets. The Granger Causality Test indicated that the 

prices between Nguru and Bisari and Gashua and Gwio-kora were unidirectional respectively. 

The null Hypothesis of non- stationarity was rejected at first difference among the four (4) 

markets. This result is consistent with most agricultural product price: they become stationary 

at first difference 1(1). The regression and index of market concentration of watermelon 

prices revealed IMC of 1.3>1, which implies low short-run market integration between Gwio-

kura and Gashua and also between Basiri and Nguru revealed a low short-run integration of 

IMC 17.5 > 1 was observed. Using the IMC values as indication for market efficiency the 

result revealed high market efficiency between the rural and urban watermelon marketers.The 

paper recommends that for higher profit margin, it is necessarily for marketers to move the 

product to distant markets where there is high demand. In addition, value addition activities 

like the watermelon fruits being processed into watermelon juice should be adopted in the 

area. This could provide job opportunities and wealth creation among the rural poor and to 

enhance their livelihood and ensure food security.  
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Introduction 

For agribusiness to actually develop to secure the economy of most small and medium scale 

enterprise which is the bedrock of Nigerian economy, the price system must be fully 

understood and developed. Agricultural prices greatly influence the pace and direction of 

agricultural development. Price also serve as incentives to direct the allocation of economic 

resources and to a large extent determine the structure and rate of economic growth 

(Adekunle, et al., 2012). The activities of market in a competitive market structure as 

obtained in the agricultural sector are  coordinated by the price system. The price change 

signals to stakeholders (farmers, marketers and policymakers), what is happening and what is 

expected to happen in other markets and they alter their decisions in response to the change 

(Habte, 2016). According to Robinson and Tomek (1982), two reasons for engaging in price 

analysis are (i) to estimate specific economic coefficients (parameters) such as price and 

income elasticities of demand and (ii) to provide forecasts of prices or the variables affecting 

prices. 

Market integration exists when prices among locations of related goods follow similar 

patterns over a long period of time (Ohwo et al., 2014). Group of prices often move 

proportionally to each other and when this relation is very clear among different markets, it is 

said that the markets are integrated. Market integration means the existence of a measurable 

long-run relationship between spatially separated prices for the same good (Barrett, 2005). 

The speed of price convergence indicates the degree of market integration (Ohwo et al., 

2014). The study of market integration is very key because it provides conventional wisdom 

for testing through empirical study of the price relationship of a product between the urban 

and the rural consumers. This owes to the fact that throughout the world, agriculture in 

developing countries is experiencing profound, fast-moving changes. Globalization which has 

been advancing more rapidly in some countries than others has hastened the transition from 

traditional, low-productivity agriculture toward a modern, high-productivity agricultural 

sector (FAO, 2006). This is seriously anchored in the price system and market integration. 

Market integration will provide a solid structural framework to ensure access to financial 

products and confidence building among market participant. This will ensure unprecedented 

farm production and distribution, rapidly evolving from the simple relationships at the points 

of interaction of marketers; create integrated linkages and closer alignments among marketers.  

The agricultural value chain we modernly promote as the preferred business development 

framework in the Agri-food sector will be enhanced. The study of market integration has also 

increased the focus on marketing, product differentiation, and product niche development. 

Market integration study will create a paradigm shift from local market conditions, 

seasonality to a more globalized competition by rebranding and packaging. It is against this 

background, we study the spatial price transmission as incentive for watermelon supply:  

strategy for food security in northeast of Nigeria. 

The culture of watermelon goes back to pre-historic times; it was grown by the ancient 

Egyptian, as revealed by pictures that survive to the present day. The first recorded 
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watermelon harvest occurred in Egypt 5000 years ago (Produce and Pete, 2008). The long and 

general culture of watermelon from North Africa to Middle Asia led to the view that the 

produce was of Asiatic origin. China is the world-leading producer of Watermelon with 

70.3% of the world total production in 2003. Other leading countries are Turkey with 4.7%, 

Iran 2.3%, United State of America 2.2% and Egypt 1.7% respectively (FAO, 2003). 

In Africa, watermelon is grown not only in dry, low altitude tropical areas like Cape 

Verde, Mali, Mauritania, Chad, Senegal, and Nigeria but also in Equatorial countries like 

Gabon and Democratic Republic of Congo (De lannoy, 2001). In Nigeria, watermelon 

production has increased significantly within the last decade with major production areas 

being located in the Sahel Sudan and Guinea agro-ecological zones. National Institute of 

Horticulture, NIHORT (2000) reported that the Northern fringes of Sudan and Sahel 

Savannah ecological zones and the Shore of Lake Chad remained the major producing areas. 

To draw-up the objectives of this research, it is imperative to note that the ability of a 

marketing system to efficiently carry out its function of contributing positively to the 

development of a country depends on the ease with which price changes and responses are 

transmitted spatially and temporally between markets for homogeneous commodity (Ohwo et 

al., 2014). 

 

Statement of the Problem 

Over the years most people are engaged in watermelon production and marketing in Nigeria, 

at both inter and intra state movement. The problem is marketers have not taken full benefit of 

spatial price differentials in various geographical locations to their advantage to maximize 

profit. Because of the poor understanding of the market structure watermelon traders in the 

north east of Nigeria has not been able to address the problem of poverty in the region. How 

effective is the market organized? as most agricultural products marketing especially in 

developing countries are faced with marketing inefficiency thereby affecting the income 

status. The study of Market integration will provide a solid structural framework to ensure 

that watermelon traders have access to information, financial support and confidence building 

among the market participant.  

  

Objectives 

 

Objectives of the study are to: 

(i) Assess the market integration between the rural and urban watermelon markets i.e. 

between Nguru (urban market) and Basiri (rural market) and Between Gashua (urban 

market and Gwio-kura (rural market)  

(ii)  Calculate the Ravallion Index of Market Concentration and these markets  

(iii)  Determine the granger causality between the urban and the rural markets. 

 

Review of Related Research: 

Price transmission refers to the effect of prices in one market on the prices of another market. 

According to  Ghoshray (2011), it is generally measured as the price transmission elasticity, 

which is the percentage change in the price of one market to a given percentage change in the 

price of another market. If such relationship between two prices such as the urban and rural 

prices holds in long-run, the markets can be said to be integrated. This relationship may not 

hold in the short- run. On the other hand, the two prices may be completely independent, 

leading one to conclude that there is no market integration or price transmission. If two prices 
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are found to be co-integrated, there is the tendency for both prices to co-move overtime in the 

long-run. In the short run, there may be deviations that can be driven by shocks in one price 

not being transmitted to the other price (Ghoshray, 2011). However, arbitrage would make the 

deviations transitory and prices are brought back to their long-run equilibrium over time. 

For urban and rural price transmission, it is expected to be symmetrically fashioned. 

But in some cases especially at the international trades, the analysis revealed the asymmetric 

relationship. Brahona et al., (2013), study asymmetric price transmission in the livestock 

industry of Thailand and concluded that there is an increase in market competition allowing 

for increases and decreases of farm gate prices to be equally transmitted to the retail prices of 

chicken. According to Amikuzuno et al., (2013), stressed that across borders, integration in 

commodity markets is achieved through price transmission. Accordingly, estimating barriers 

to trade liberalization of domestic markets and the globalization of world markets are 

expected to bring about increased price transmission and integration between domestic and 

world markets. This means that evidence of price transmission is an assessment of the 

potential impact of trade liberalization on the price and trade movements of homogeneous 

commodities between local and international markets (Tomek and Robinson, 1995; 

Amikuzuno et al., 2013). 

Emphasizing the importance of market integration, Habte (2016) pointed out that 

spatial market integration strengthens successful trade between food deficit and food surplus 

areas. This leads to specialization and economic growth. Market integration has a great 

contribution to food security and economic growth. It also improves producers’ and 

consumers’ social welfare particularly in a diverse and highly vulnerable country such as 

Nigeria. It accelerates effective price transmission between markets with the help of market 

reforms (Golettic and Babu, 1994; Habte, 2016). Market integration is expected to ensure a 

more rapid and effective price adjustment between markets with the help of market reforms. 

Price is a basic means to tie different stages of a market chain. Price signals could be a good 

evidence of market segmentation or potential manipulation, distortion of price information 

which causes inefficient allocation of resources (Habte, 2016).  

Market integration can be classified into three: (1) vertical integration which includes 

different stages in marketing and processing channels; (2) Spatial integration which relates to 

spatially distinct markets; and (3) inter-temporal market integration which refers to arbitrage 

across periods of time (Uchezuba, 2005 and Habte, 2016). The analysis of spatial market 

integration attempts to address three main questions about the nature of the price transmission 

process among spatially separated markets such as causality patterns, dynamic interactions, or 

long-run equilibrium between markets, and cannot answer questions pertaining to the price 

adjustment over time. But, the vector error correction (VEC) addresses the question of the 

price adjustment process over time. Tiku et al., (2015) estimated market integration of yam 

marketing in Cross River State; the objective was to determine the short-run, long-run 

integration and market segmentation employing the Ravallion technique. The study concluded 

that influence of local factors affects price movement. Ohwo (2014) using the same method 

concluded that sawn-wood marketing in Delta State has a high degree of market efficiency. 

According to Trotter (1992), short-run integration was taken by Ravallion (1986) to mean that 

a change in the reference market price will be fully passed on to the local prices with the one-

time period. Long-run integration implies there is a long-run equilibrium such that prices are 

constant with no stochastic effects. 
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Materials and Methods 

The research was conducted in the northeast of Nigeria. Yobe State was purposively selected 

for the study. The state is predominantly a rural agrarian society with five (5) medium size 

fairly populated town viz: Damaturu, Potiskum, Gashua, Nguru, and Buni-yadi. The State is 

in the North Eastern part of Nigeria at the fringes of Lake Chad. They are noted for 

watermelon production, onion, grains and animal rearing. The State houses one of the largest 

Cattle markets at Geidam Local Government Area of the state. 

 

Sampling and Sampling Size determination 

To carry out the research work time series data was used obtained through a primary source 

from 2007 to 2017. The Multistage Sampling procedure was employed. Firstly, the state was 

purposively selected because it is one of the major watermelons producing states in the 

country. The second stage was a random selection of two Local Government Areas, (LGA’s): 

Nguru and Bade LGA’s. Stage three was the random selection of 292 retailers. This was done 

using the sampling size determination formula of Yamane Taro (1963). 

          ……………………………1            

Where:  N is the total watermelon retailers in the two LGAs  n is the sample size 

α is the level of significance. In this case, it was fixed at 5%. 

A total of 142 respondents were selected from Bade LGA and 150 from Nguru LGA making a 

grand total of 292 watermelon retailers used for the study. 

 

The Model Specification: 

To estimate the parameters in order to determine the short-run and long-run effect of the 

variables several models were variously specified starting with the unit root test. The time 

series data are stationary when condition mean, variance and covariance are constant over 

time. If x and y have a unit root, the standard t-test is invalid, which leads to equation 2 to 

come up with a spurious regression. 

Yt = α + βxt + ƐtYt = α + βxt + Ɛi…………………………………2 

Time series is not stationary when condition means, variance and auto-correlation are not 

constant over time. If they are not constant over time, then the series is said to be the non-

stationary process (that is, a random walk has unit root). Differencing a series using 

differencing operations produces other sets of observations such as the first-differenced 

values, the second- differenced values and so on.  The price variables were tested for unit 

roots by the Augmented Dickey-Fuller (ADF) test with different specifications, with a trend 

and constant u. 

∆yt= αβyt-1 + δt + ∆yt-1 + z∆yt – 2 + k ∆yt – k + t…………………3 

∆y = α + β yt-1 + ∆yt-1 +  t………………………………………….4 

Where α, β, δy are coefficients, r is the number of lagged variables specified and ↋t is the 

random term to be estimated and tested. The test statistic is probably the best known and most 

widely used unit root test. It is a one-sided test whose null hypothesis is β = 0 versus the 

alternative β < 0 (and hence large negative values of the test statistics lead to the rejection of 

the null). 

 

Engle and Granger’s Two -Step Procedure:  Engle and Granger (1987) test of co-

integration on (or common stochastic trends) start by estimating the co-integrating regression 

(the first step) 
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Xit = β1 + β2x2t + ………………..βpxp,t+ Ut………………………………5 

Where: p is the number of variables in the equation. In this regression, we assume that the 

variables are 1(1) and might co-integrate to form the stationary relationship, and thus, a 

stationary residual term. 

∆Uot = x1t - β1- x2t ……………..- βpxp,t(in the tabulated critical value p = n)……………………..6 

The last stated equation represents the assumed economically meaningful or 

understandable) steady state or equilibrium relationship between the variables. If the variables 

are co-integrating, they will share a common trend and form the stationary relationship in the 

long-run. 

The second step, in Engle and Granger's two-step procedure,, is tested for unit root in 

the residual process of the co-integrating regression. This is explained in equation (5). Under 

the null of co-integration, the estimated residual is 1(1) and all parameters are zero in the 

long-run. 

Johansen and Juselius co-integration test (1990) suggest maximum Eigenvalue test 

and the trace test to determine the number of co-integration vectors. The maximum Eigen 

value statistic tests the null hypothesis of r co-integrating relations against the alternative of 

r+1 co-integrating relations for r = 0,1,2……… k-1. This test statistic is computed as  

JMax (r) = - T * ln (1- λ r + 1)……………………………….7 

Where λ is the estimated maximum Eigenvalue and T stands for the Sample Size. The trace 

test conducts a joint test whereas the maximum Eigenvalue test carry out separate test for the 

individual Eigenvalues. 

The decision rule is to reject the null hypothesis of no-co-integration when the absolute value 

of t-statistics is greater than the critical values at the chosen probability levels. 

 

Error Correction Model (ECM) 

ECM can be applied to measure price adjustment of prices induced by deviations from the 

long-term equilibrium. An ECM formula which describes both the short-run and the long-run 

behaviours of prices is expressed as 

∆Rit=  Y1 + Y2 ∆ Ujt –  x Vit-1 + Vit …………………………………….8 

Where: Y2= impact multiplier (Short-run effect) that measure that immediate impact that a 

change in Ujtwill have a change in Rit.  

X= feedback effect or the adjustment effect that shows how much of the equilibrium is being 

corrected, that is the extent to which any disequilibrium in the previous period affects any 

adjustment in the Rit. Period. 

Vit-1= Rit-1 – P1 – P2Ujt-1 shows the long-run response………………………….9 

The higher the absolute value of ECM, the faster the price movement along variables 

 

Ravallion IMC Model 

The model also seeks to determine whether a change in the price of the product in a local 

(rural) market is influenced by the change in price in the Central (urban) market. If there 

exists an opportunity for trade between these two types of markets, and if ultimately these two 

markets become integrated into a single price (Ohwo et al., 2014; Udith, 2007). 

Pt = f (RiXi) for i = 1,…........n………………………10 

Based on Timmer (1974), the Ravallion model can be separated as follows: 

Pt = do + (1+ do) Pt-1 + d2(Rt – Rt-1) + ( d3 – d1) …………………11 

Rt-1d4Xit + eit ……………………………..12 
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Pt and Rt are the logarithms of the prices 1 and 2 for the month t, respectively; X t is a matrix 

of exogenous variables; di are regression parameters estimates and eit is the random error. 
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Where: 

Rt= Market price 1 (Urban) 

Pt= Market price 2 ( Rural) 

Rt-1= Lagged price for market type 1 and its lag (urban) 

Rt- Rt-1= Difference between market price1 and its lag (urban) 

eit= Error term or unexplained term 

do = constant term  

(1+ do) = Coefficient of market type 2 lagged price (rural) 

d2= Coefficient of Rt- Rt-1 

(d3 – d1) = Coefficient of market type 1 lagged price (urban)  

In general model, ‘n’ lags of market 1 price and M lags of the market type 2 prices is possible. 

But with the introduction of ‘one lag’ to this model and excluding X variables, one can derive 

the ‘index of market concentration’ (IMC), which is the ratio of the Rural Market Coefficient 

(1+ do) to the Urban Market Coefficient (d3 – d1) ( Timmer, 1994) 

IMC = (1+ do) / (d3 – d1) …………………………………….. 13 

 

Results and Discussion 

Stationarity test for watermelon price in Northeast, Nigeria 

             A variable is said to be non-stationary when the ADF t- statistics is smaller in 

absolute terms than the critical values. The result in Table 1 revealed that the prices of 

watermelon in Gwio-kura (and) and Gashua (urban), and Basiri (rural) and Nguru(urban) are 

non-stationary. The ADF statistic was less than the critical values. The result revealed non-

stationarity 

       Table1: Result for unit root test  

Variables( 

market 

Prices) 

ADF (at 

level) 

P.vaue ADF 1
st
 

Difference 

P.value 

Gashua 6.39213 0.1005 13.7854 0.0237 

Gwio-

kura 

-1.07031 0.4070 -2.61938 0.0396 

Basiri 2.16506 0.98202 23.4417 0.0001 

Nguru 1.17401 0.3450 -3.75890 0.0617 

Source: Compile from stationarity result.  

The null Hypothesis of non- stationarity was rejected at first difference for watermelon among 

the four (4) markets. This result is consistency with Chirwa (2000), Yusuf et al. (2006) and 

Ohwo, et al., (2014). That is, for most agricultural product prices they become stationary at 

first difference 1(1)   

 

Johansen co-integration test Result 

Co-integration test was conducted; all the variables were not integrated at order 1(1). The 

results of the co-integration test of Urban and rural watermelon prices in Northeast, Nigeria 

are presented in Table 2. The result showed that all prices of watermelon were not co-

integrated. The criterion for selection is that trace statistic value must be greater in absolute 

term than the critical value at 0.01 and 0.05 levels of significance.  

From the result in Table 2, the null hypothesis of no co-integration i.e. Ho was 

accepted. This is because calculated trace statistic for the null hypothesis is less than in 
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absolute value than the critical values. The implication is that the prices of watermelon in the 

northeast, Nigeria are not tied together in the long-run.  

The co-integration relationship indicates that prices in the rural markets cannot be 

used to predict Urban market prices and vice -versa. The economic meaning is that current 

rural prices cannot be transmitted to the urban markets. The feasible reasons for this are that 

most of the urban towns in the northeast cultivate watermelon and depend less on rural 

supply. In addition, a lot of surrounding communities produce watermelon and bring to urban 

markets which functioned as central collection and disposal markets. The increase of supplies 

from the seas of communities constitutes market gluts in towns, thereby creating near zero 

price differentials. 
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Table 2: Co-integration Rank test (trace) Result 

Hypothesized 

No. of CE(s) 

Gwio-kura-

Gashua 

Eigenvalues Trace Statistics 0.05 critical 

value 

Prob ** 

None  0.649431 11.58913 15.49471 0.1777 

At Most 1 0.104506 1.107151 3.841466 0.2927 

Basiri - Nguru      

None 0.570672 8.455336 14.26460 0.3343 

At Most 1 0.127296 1.361583 3.841466 0.2433 

Trace test indicates no co-integration at the 0.05 level and it was stationary at 1(1), at 

0.05level  

** Mackinnon- Haug- Michelis (1999) P-values 

 

Error correction results 

The Error Correction Mechanism (ECM) this shows the rate at which price changes are 

transferred from rural to urban watermelon farmers. 

The (ECM) Model is the rate of price transmission at which price is restored to 

equilibrium in the short-run. ECM coefficient shows the speed at which short-run fluctuations 

get corrected within the lag periods. The speed at which watermelon prices in the markets 

return to their equilibrium depends on the proximity of the ECM coefficient to one. In this 

case, because the rural and the urban markets function independently, there was no need to 

carry out ECM. This agreed with Ghoshray, (2011) that the two prices may be completely 

independent, leading to one to conclude that there is no market integration or price 

transmission. If two prices are found to be co-integrated, there is a tendency for both prices to 

co-move overtime in the long-run. In the short run, there may be deviations that can be driven 

by shocks in one price not being transmitted to the other price.  

 

Ravallion Index of market Concentration (IMC) 

The regression and index of market concentration of watermelon prices revealed IMC of 1.3 > 

1. This implies low short-run market integration between Gwio-kura and Gashua. Also, Basiri 

and Nguru revealed a low short-run integration of IMC 17.5 > 1. Using the IMC values as an 

indication for market efficiency, the result revealed high market efficiency between the rural 

and urban watermelon farmers.   
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Table 3:   Granger Causality Tests 

 

Pairwise Granger Causality Tests 

Sample: 1 12  

Lags: 2   

    
     Null Hypothesis: Obs F-Statistic Prob.  

    
     GWIO does not Granger Cause GASHUA  10  0.22149 0.8088 

 GASHUA does not Granger Cause GWIO  1.27943 0.3559 

    
     NGURU does not Granger Cause 

GASHUA  10  1.23783 0.3658 

 GASHUA does not Granger Cause NGURU  1.37141 0.3351 

    
     BASIRI does not Granger Cause 

GASHUA  10  1.41314 0.3262 

 GASHUA does not Granger Cause BASIRI  0.43009 0.6724 

    
     NGURU does not Granger Cause GWIO  10  3.66903 0.1045 

 GWIO does not Granger Cause NGURU  0.08994 0.9154 

    
     BASIRI does not Granger Cause GWIO  10  3.49633 0.1122 

 GWIO does not Granger Cause BASIRI  3.82542 0.0982 

    
     BASIRI does not Granger Cause NGURU  10  0.33229 0.7320 

 NGURU does not Granger Cause BASIRI  3.00133 0.1392 

    
     

The Granger Causality test revealed that there was no relationship between Gashua and Gwio-

kura watermelon markets in either direction. Since the null hypothesis of Granger does not 

cause price movement among the two markets was accepted, therefore not significant. 

The Nguru market (Urban) and the Gashua market (urban) were also independent, therefore 

no market integration. The only market that could co-move is that of Gwio-kura (rural) to 

Basiri (rural) in a unidirectional movement, i.e. watermelon can be bought at Gwio-kura and 

sold at Basiri. The result was significant at 10% probability level.  

 

Conclusion 

From the forgoing, it was concluded that the rural and urban watermelon markets are co-

integrated. The implication is that prices of watermelon in Urban markets cannot be predicted 

using the rural prices, because the prices are not transmitted. The Ravallion index of market 

concentration revealed a low short-run of market integration between the rural and urban 

markets. 

Also, the Granger Causality Text revealed that there is no causal relationship between 

the urban and rural watermelon markets.  Therefore, there is low price transmission among 

watermelon markets in the northeast and no major price differentials to create the desired 

incentive for marketers to take advantage in increasing their income for food insecurity. 
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Recommendations 

 The study recommended that for higher profit margin, it is necessarily for marketers to move 

the product to distant markets where there is high demand. In addition, value addition 

activities like the watermelon fruits being processed into watermelon juice should be adopted 

in the area. This could provide job opportunities and wealth creation among the rural poor and 

to enhance their livelihood and ensure food security.  
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