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Price Transmission Analysis in the Fresh Vegetable Supply Chain of Saudi Arabia 

 

Abstract 

Price transmission studies focus on how price variation at one marketing level affects the prices 

at other levels, either vertically or horizontally. Price movement among farms, wholesale, and 

retail levels is indicative of vertical price transmission. Any change in the farmer’s price is 

reflected in the final consumer’s price. Asymmetric price transmission (APT) can occur 

anywhere along the supply chain. The objective of this study is to explore the existence of APT 

for selected fresh vegetable products in Saudi Arabia. This study focused on 

six perishable products: tomatoes, potatoes, cucumbers, squash, onions, and garlic. The 

Wolffram-Houck and an error-correction model were used to analyze monthly average wholesale 

and retail price data from January 1999 to December 2012. Granger causality tests provided the 

causality relationship between market levels of cucumbers and squash, which were independent. 

The results indicate price transmission is symmetric for tomatoes, potatoes, and garlic, while 

onion prices are transmitted asymmetrically. 

 

Introduction 

The year 1970 marked the beginning of the modern economic era for Saudi Arabia. At that time, 

the Saudi Arabian government was concerned with fulfilling its goal of self-sufficiency for food, 

so it adopted some quick and effective strategies, including subsidies, interest-free loans, and the 

free distribution of land to achieve this goal. With such policies regarding the country’s self-

sufficiency for food, the Ministry of Agricultural reported in 2010 that Saudi Arabia achieved the 

recommended sufficiency ratio for total vegetables (88%). Despite Saudi Arabia’s achievements 
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in self-sufficiency for some agricultural vegetables and fruit, the country struggled to deliver 

these products from producers to final consumers at stabile and acceptable prices. The Saudi 

government focused on increasing the supply production to reduce the price while ignoring the 

marketing side. 

Adowas et al. (1996) pointed out that marketing is an important issue for vegetable and 

fruit producers. These producers also face other problems, such as a decline in the price of 

products in the market, fluctuations in prices, and exploitation by middlemen. Al-Gahtani and 

Al-Feel (2007), in their investigation of the marketing margins of some vegetables and fruits in 

Saudi Arabia, discovered that the marketing efficiency of these crops is low because of the high 

marketing margins, decline in the share of the retail price, and low levels of marketing 

performance services for fruits and vegetables. As such, a large portion of the marketing margin 

for these crops is used as profits for wholesalers, retailers, and brokers. 

Saudi Arabia is an open market, and the Saudi government adopted several policies to protect 

domestic produce from imports, such as import taxes on some vegetables in favor of local 

producers. These taxes rose to 25% in season and declined once again when the produce was out 

of season. Alrwis and Helmi (2004) investigated whether this policy protected domestic 

producers and found that the import tax led to affirmative protection for most vegetables studied 

during the growing seasons as well as during the rest of the year. 

In November 2005, Saudi Arabia became a member of the World Trade Organization 

(WTO), which WTO required the Saudi government to reform its agricultural policies, such as 

import taxes and subsidies. In 2007, the Agricultural Development Fund reformed all of the 

subsidies provided to farmers. Meanwhile, between 2007 and 2008, the world faced a food price 

crisis, and Saudis reacted to these increasing prices while social media helped the final 
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consumers affect the retail prices by organizing boycotts for some commodities. Specifically, in 

2010, consumers boycotted tomatoes; in 2011, consumers boycotted buttermilk; in 2012, they 

boycotted chicken; and in 2013, they boycotted tomatoes again. Such instability in prices became 

an important issue because the final consumers felt that their welfare was declining. That being 

said, most farmers did not feel that they benefitted from the increase in prices. 

Vegetable producers and consumers believe that marketing efficiency is low and that 

their high marketing margin between wholesalers and retailers, as measured by the price 

difference, can cause an asymmetric relationship between wholesale and retail prices. 

Consequently, this study investigates the presence or absence of asymmetric vertical 

transmission prices (APT) in order to identify the nature of the relationship between retail prices 

and wholesale prices in the short and long run, identify the direction of the flow of information 

between wholesalers, and examine the existence of asymmetric price transmission. The study of 

the vertical price transmission involves an examination of how price changes at one market level 

affect other market levels. For example, if an upstream market experiences a shock, the question 

arises of how fast this shock moves to the downstream market level and how significant its effect 

is. Thus, the result defines which parts in the market could lead the price and how does it reacts 

to the shocks.  

Literature Review 

Price transmission studies have typically focused on how price variation at one level affects the 

price in another market, either vertically or horizontally. Most previous literature on price 

transmission has estimated elasticities to possibly detect the existence of asymmetries in the 

transmission mechanism and investigate the market integration. This paper applies econometric 
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models to determine whether the asymmetry is present or absent in the vegetable market in Saudi 

Arabia.  

The first empirical study of asymmetric adjustment, conducted by Farell (1952) in the 

United Kingdom, estimated the “irreversible demand function” to investigate if asymmetric 

adjustment exists within consumption behavior. Farell found that, when a person’s income falls 

or the price rises to former levels, that person’s consumption will not return to its former levels. 

Since then, economists have improved and modified the original models to measure APT, 

developing two types of APT models: pre-cointegration and cointegration models. 

The pre-cointegration model is represented by the Wolffram-Houck method, which was 

modified and improved by Houck (1977). In this model, APT is studied based on the division of 

the explanatory variable (input price) into increasing and decreasing stages. Many authors have 

used the pre-cointegration method to examine APT. Others have used the fundamental logic 

from the Wolffram-Houck model, such as Ward (1982), who extended the Wolffram-Houck 

model by including lags of the explanatory variable without constraining the lags-lengths of 

increasing and decreasing stages to be equal. In addition, one of the most important features of 

the pre-cointegration method is the need for the data to be stationary in order to avoid a spurious 

regression. However, this method ignores the cointegration issue between the output and input 

prices. 

The cointegration method is a substitute method for examining APT and cointegration 

when the output and input prices are non-stationary. Von Cramon-Taubadel (1998) discussed the 

Wolfram-Houck model based on the assumption that the variables are non-stationary and 

concluded that the model is a spurious regression. Granger and Newbold’s (1974) spurious 

regression tested regression to suggest a statistically significant relationship between variables 
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when, in fact, such a relationship does not exist. In this case, the coefficient of the independent 

variable had a high t-statistic value while the residuals produced from the regression displayed an 

extremely strong positive autocorrelation. Thus, Von Cramon-Taubadel followed Granger and 

Lee’s (1989) method to estimate APT. This method is based on two steps. The first step uses 

ECM suggested by Engle and Granger (1987) to examine if the variables are cointegrated or not. 

However, Engle and Granger’s method has restrictions in that the residuals produced from the 

regression of the input price on the output price are stationary whereas the output prices and 

input prices must have the same order of integration. The second step imposes the residuals in 

Ward’s (1982) model with a division the residuals (error-correction term) to positive and 

negative stages. In addition, Enders and Siklos (2000) suggested an extension to the standard 

Engle-Granger testing strategy based on the threshold autoregressive (TAR) model.  

 Asymmetric vertical price transmission has received considerable attention in the 

agricultural economics literature. Several studies have followed the pre-cointegration method, 

while a significant number of works have followed the cointegration method. Ward (1982) 

investigated asymmetric vertical price transmission among retail, wholesale, and shipping prices 

for a select group of fresh vegetables. The results revealed that wholesale prices lead to both 

retail and shipping point prices and that asymmetry in the retail–wholesale response indicates 

that wholesale price decreases are reflected more in the retail arena than wholesale price 

increases.  

In contrast, Girapunthong et al. (2003), who studied the asymmetric vertical price 

transmission for the fresh tomato market, found that the producer price led by both wholesale 

and retail prices, illustrating that retail prices respond more to increasing wholesale prices than 

dropping prices. In addition, Eastwood et al. (1997) studied the transmission price from the 
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wholesale to retail levels for two selected fresh produce commodities: snap beans and sweet 

corn. The authors analyzed weekly data and found that the retailer passes on increases to the 

same extent as decreases, but transmits the increases more quickly.  

Mayer and von Cramon-Taubadel (2004) found that APT can be classified as either 

positive or negative in terms of the asymmetry. In positive asymmetry, the output price reacts 

more rapidly to increases in input prices than to decreases; negative asymmetry is present if the 

output prices react more rapidly to decreases in input price than to increases. Hansmire and 

Willett (1992) studied price transmission for the apple industry and found that positive pricing 

asymmetry exists for wholesale–retail market.  

The price transmission for vegetables has also been examined in Hungary, where Bakucs 

et al. (2007) analyzed the vertical price transmission for carrots, parsley, tomatoes, green 

peppers, and potatoes. Their results showed that the vertical price transmission in the short run 

for all vegetables is symmetric; however, for the tomatoes market, the long-run price 

transmission is asymmetric. 

 Overall, APT on the vertical or spatial market—a topic that has been covered in many 

countries globally—has been examined in numerous studies focusing on the agricultural, 

financial, and gasoline markets. However, apparently, no study has yet evaluated the vertical 

APT in the fresh vegetable sector in Saudi Arabia. Thus, this study could provide valuable 

information to consumers and producers regarding this market and impart significant information 

to policymakers.  

Objectives 

The objective of this study is to investigate APT between the wholesale and retail market prices 

for selected commodities in the vegetables market. A question can be raised about what causes 
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APT. Meyer et al. (2004) summarized several reasons: a non-competitive market structure, 

adjusting and menu costs, government interventions, price expectations, and characteristics of 

the crops. Bakucs et al. (2012) studied the causes of APT and suggested that APT in the farm–

retail relationship is more likely to occur in countries with more fragmented farm structures and 

with strong government support. Thus, the objective of this study is to explore the existence of 

price transmission asymmetry for selected fresh vegetable products in Saudi Arabia. 

The Saudi government adopted different policies to support farmers, and the fresh 

vegetable sector represents 14.8% of the total area of all Saudi Arabian crops. In addition, reform 

the agricultural policy and social media which helped the final consumers affect the retail prices 

by organizing boycotts for some commodities could causes asymmetric price transmission 

between the market levels. The study analyzed monthly average wholesale and retail price data 

from January 1999 to December 2012 using a Wolffram-Houck’s model for the stationary 

variables based on Word (1989) and  an error-correction model (ECM) for non-stationary 

variables. 

The results reveal the magnitude and speed of the vertical price transmission in the fresh 

vegetables market. Furthermore, the study will provide information about the efficiency of the 

market and welfare distribution. Thus, this study could help policymakers improve policies 

related to advancing the supply chain, such as improving competition in the market by providing 

more information to producers and consumers. 

Theoretical Background on Vertical Price Transmission 

The vertical price relationships at two different market levels are observed using three variables: 

retail price, wholesale price, and marketing margin. Equation (1) describes the vertical price 

relationship, where RP is the retail price, WP is the wholesale price, and M is the marketing 



9 
 

margin. The marketing margin is defined as the difference between the retail price and wholesale 

price, as shown in Equation (2).  

(1) RP = WP + M  

(2) M = RP – WP   

The estimation of the linear model is conducted using logarithmic data and by assuming 

that the price is determined from the upstream level (wholesale) to the downstream (retail) level; 

this relationship is represented in Equation (3). The coefficient of the wholesale price represents 

the long-run elasticity (the elasticity of price transmission) from the wholesaler to the retailer 

(Colman, 1985). The value of the elasticity of the price transmission represents whether there is 

perfect or imperfect transmission of the shock from one level to another. If the elasticity of the 

price transmission is equal to one, there is a perfect price transmission; if it is between zero and 

one, there is an imperfect price transmission.  

(3) 𝑅𝑅𝑅𝑅 = 𝑎𝑎1 + 𝜀𝜀𝑊𝑊𝑊𝑊𝑊𝑊𝑅𝑅 

(4) 𝑊𝑊𝑅𝑅 = 𝑎𝑎2 + 𝜀𝜀𝑅𝑅𝑊𝑊𝑅𝑅𝑅𝑅  

Alternatively, when the price of the wholesale level is determined by the price of the 

retail level, the coefficient of the retail price represents the elasticity price transmission from the 

retail to the wholesale levels. Thus, when the value of the coefficient is equal to one, the 

relationship represents a perfect transmission, whereas if the coefficient is greater than one, an 

imperfect relationship exists. This model assumes a symmetrical reaction between input and 

output prices, yet the common belief is that reactions to price increases differ from reactions to 

price decreases. This model lacks a description of the asymmetric relationship between the 

variables. Thus, the study uses a pre-cointegration method when the variables are stationary and 
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a cointegration method if the variables are not stationary to investigate the asymmetry between 

the market levels. 

Empirical Model 

According to Schwartz and Willett (1994), four main factors are commonly considered in the 

study of price transmission: causality, lags, asymmetry, and market structure. Studying the 

causality serves to describe the direction of the effect between the input and output prices; the 

most common test for this context is the Granger causality test. The study of lags and asymmetry 

investigates the amount of time it takes for prices at the market level to adjust to an initial change 

whereas asymmetry describes an increase in the input price, which affects the output price 

differently than price decreases. The final factor is the market structure, which focuses on the 

effect of imperfect competition on the price spread between market levels. These four factors 

facilitate the assessments of the vertical price characteristics. Therefore, this study covered these 

factors by investigating the properties of the variables, then applying a casualty test and the pre-

cointegration method through the Houck model for stationary variables and the cointegration 

method through asymmetric error correction for non-stationary variables.  

Testing for the Unit Roots 

The Dickey-Fuller (1979) test has been widely used to test stationary issues with time series data. 

The current study uses the Augmented Dickey Fuller (ADF) test and the Zivot and Andrews test 

to examine the unit root null hypothesis. The null hypothesis of the ADF test is that the time 

series variable is non-stationary. However, the ADF test does not allow for the possibility of a 

break in the structure, which could lead to inaccurate conclusions. The Zivot and Andrews test 

does allow for this possibility, using different dummy variables for each possible break date 

because it is a sequential test. As such, there is no loss in any observation of the sample. To 
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select the break date, the test investigates the minimum value of the t-statistic based on the ADF. 

The null hypothesis implies that the economic variable is non-stationary; the alternative is 

assumed to be a stationary trend with a break at a particular point in time (Glynn et al., 2007). In 

addition, the Akaike information criterion is used to determine the length of lags for the tests.  

Testing for a Causality Relationship 

According to Tiffin and Dawson (2000), the vertical price transmission could be estimated from 

the wholesale price to the retail price or vice versa, depending on the causality relationships. The 

Granger (1969) causality test has been widely used with time series data to describe the causality 

relationship between economic variables. This test uses past information for one variable to 

predict the other. The current study investigates the causality relationship between wholesale and 

retail prices to determine if the past and present information at one level of the marketing 

channel can be used to improve the forecast of the future prices at another level. The test is based 

on the following model variables, where WP and RP are wholesale price and retail price, 

respectively: 

(5) 𝑅𝑅𝑅𝑅𝑡𝑡 = 𝑎𝑎0 + ∑ 𝛼𝛼𝑗𝑗𝑅𝑅𝑅𝑅𝑡𝑡−𝑗𝑗𝑘𝑘
𝑗𝑗=1 + ∑ 𝛽𝛽𝑡𝑡−𝑗𝑗𝑊𝑊𝑅𝑅𝑡𝑡−𝑗𝑗𝑘𝑘

𝑗𝑗=1                                           

(6) 𝑊𝑊𝑅𝑅𝑡𝑡 = 𝑎𝑎0 + ∑ 𝛼𝛼𝑗𝑗𝑊𝑊𝑅𝑅𝑡𝑡−𝑗𝑗𝑘𝑘
𝑗𝑗=1 + ∑ 𝛽𝛽𝑡𝑡−𝑗𝑗𝑅𝑅𝑅𝑅𝑡𝑡−𝑗𝑗𝑘𝑘

𝑗𝑗=1        

The null hypothesis of the Granger test is that no Granger causality exists between the variables 

based on the test 𝛽𝛽1 = 𝛽𝛽2 = ⋯ = 𝛽𝛽𝑘𝑘 = 0. Therefore, the rejection of the null hypothesis 

indicates that the causality relationship refers to unidirectional causality, bidirectional causality, 

or independence. Independence is suggested if no statistical evidence of the causal relationship 

exists between the variables. Unidirectional causality is suggested if the wholesale price affects 

the retail price or vice versa whereas bidirectional causality is suggested if feedback exists 
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between the variables. In addition, the Akaike information criterion (AIC) is used to determine 

the length of lags for the Granger causality test.  

The Cointegration Analysis 

Economic theory suggests that a long-term economic relationship exists between market levels. 

To this end, price time series datasets tend to move together over the long run, thereby 

representing a long-run equilibrium relationship. The cointegration concept can be used to 

provide the methods that measure the long-run equilibrium relationship.  

Cointegration allows for non-stationary data to be used, thereby avoiding spurious 

results. Two or more non-stationary variables are cointegrated if a linear combination of the 

variables exists that is stationary. In other words, the main condition is that the error term has to 

be stationary. 

The Engle-Granger two-step method (Engle and Granger, 1987) and Johansen’s approach 

(1988) are the most widely used tests currently available for investigating the cointegration 

among time series’ data variables. Gregory and Hansen (1996) also presented a method that 

allows for a structural break in either the intercept or the slope to test for cointegration. All of 

these methods test the null hypothesis that cointegration does not exist between the variables 

while the alternative variables indicate that cointegration exists. The current study investigates 

the cointegration between variables using the Engle-Granger method when the variables have no 

structure break and the Gregory and Hansen method if a structure break occurs. 

Engle and Granger’s (1987) test involves two steps. The first step is to run a regression 

between the two variables, as shown in Equation (7), using ordinary least squares (OLS), and 

then predict the residuals, called the error-correction term (ECT), to determine it if it is stationary 

or not using the Dickey-Fuller test. Equation (8) uses the first difference to avoid bias when 
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running a stationary test. Thus, when the residuals are stationary, the variables are integrated. 

However, if the time series variables experience a structure break, the Engle-Granger test might 

yields false conclusions by failing to reject the null hypothesis due to the existence of the 

structure breaks. Thus, Gregory and Hansen’s (1996) method is recommended over the Engle-

Granger method when the variables include a structure break. 

(7) 𝑅𝑅𝑅𝑅𝑡𝑡 = 𝛽𝛽0 + 𝛽𝛽1𝑊𝑊𝑅𝑅𝑡𝑡 + 𝜀𝜀𝑡𝑡 

(8) ∆𝜀𝜀�𝑡𝑡 = 𝜌𝜌∆𝜀𝜀�𝑡𝑡−1 + 𝜔𝜔 

Gregory and Hansen1 (1996) developed three models, as follows:  

Model C: Level shift 

(9)  𝑅𝑅𝑅𝑅𝑡𝑡 = 𝛽𝛽0 + 𝛽𝛽1𝑊𝑊𝑅𝑅𝑡𝑡 + 𝛽𝛽2𝐷𝐷𝑡𝑡𝑡𝑡 + 𝜀𝜀𝑡𝑡 

Model C/T: Level shift with a time trend 

(10)  𝑅𝑅𝑅𝑅𝑡𝑡 = 𝛽𝛽0 + 𝛽𝛽1𝑊𝑊𝑅𝑅𝑡𝑡 + 𝛽𝛽2𝐷𝐷𝑡𝑡𝑡𝑡 + 𝛽𝛽3𝑡𝑡 + 𝜀𝜀𝑡𝑡 

Model C/S: Regime shift 

(11) 𝑅𝑅𝑅𝑅𝑡𝑡 = 𝛽𝛽0 + 𝛽𝛽1𝑊𝑊𝑅𝑅𝑡𝑡 + 𝛽𝛽2𝐷𝐷𝑡𝑡𝑡𝑡 + 𝛽𝛽4𝑊𝑊𝑅𝑅𝑡𝑡𝐷𝐷𝑡𝑡𝑡𝑡 + 𝜀𝜀𝑡𝑡 

where t is the time trend and 𝐷𝐷𝑡𝑡𝑡𝑡 is the dummy variable, to allow for a structural break. The 

dummy variable is defined as: 

𝐷𝐷𝑡𝑡 = �
1  𝑖𝑖𝑖𝑖  𝑡𝑡 > [𝑛𝑛𝑛𝑛]
0 𝑖𝑖𝑖𝑖 𝑡𝑡 ≤ [𝑛𝑛𝑡𝑡]   , 𝑛𝑛 ∈ (0,1) where [𝑛𝑛𝑛𝑛] is the breakpoint and n is the sample size. 

Gregory and Hansen’s method examines the null hypothesis using these three models, 

which account for the breakpoint when the cointegration might change. Model (C) represents a 

level shift in the cointegration relationship while model (C/T) adds a time trend based on the 

slope coefficients before the regime shift. Model (C/S) contains the three changes in intercepts, 

                                                      
1 Gregory and Hansen method did not use on the study because onion has non-stationary result come from ADF test 
and Zivot and Andrews test. For that, I assumed onion has linear time series and I used Engel- Granger method to 
examine cointegration test. 
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time trends, and slope coefficients. Examining cointegration using Gregory and Hansen’s 

method also involves two steps. First, at each possible breakpoint, all the models are estimated 

using OLS to yield the residual series; then, each residual series is tested for the existence of unit 

root using the ADF test. This leads to the lowest value of ADF, which is represented by ADF*, 

where ADF* = inf ADF(𝑛𝑛). Second, the value of the ADF* test statistic and the critical value 

given by Gregory and Hansen’s table are compared. If the ADF* value is smaller than the critical 

value, it can be concluded that a cointegration relationship exists between the variables. 

Asymmetrical Price Test 

Two methods can be used to examine asymmetric price: the pre-cointegration and cointegration 

methods. The current study adopts Ward’s (1982) model, which is an extension of Wolffram-

Houck’s method and ECM. Wolffram-Houck’s method has sometimes been used without 

adequate attention to variables’ properties whereas for ECM, the two variables have to be 

integrated by an order of one, I(1). Word’s model is presented in Equation (12), where ∆ means 

the first difference of the variable. The dummy variable 𝐷𝐷+ equals one when the first difference 

of the dependent variables is positive while 𝐷𝐷− equals zero when the dependent variable has 

negative values. Thus, 𝐷𝐷+∆𝑊𝑊𝑅𝑅𝑡𝑡−𝑗𝑗+1 and 𝐷𝐷−∆𝑊𝑊𝑅𝑅𝑡𝑡−𝑗𝑗+1 refer to the increase and decrease of 

commodities’ prices at the wholesaler, respectively. L and P represent the length of lags for 

dependent variables. 𝛽𝛽𝑗𝑗+ and 𝛽𝛽𝑗𝑗− coefficients represent the impact of the wholesale price increase 

on retail price and decease on retail price, respectively. After estimating Equation (12), two tests 

for the presence of APT can be conducted with respect to the magnitude and speed of price 

transmission. The magnitude test represents testing the null hypothesis that no APT exists 

between market levels’ prices: ∑ 𝛽𝛽𝑗𝑗+ =𝐾𝐾
𝑗𝑗=0 ∑ 𝛽𝛽𝑗𝑗−𝐾𝐾

𝑗𝑗=0 . Rejecting the null hypothesis indicates that 

evidence of APR is present. The speed test tests the null hypothesis that no asymmetry exists in 
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the speed of price transmission:  𝛽𝛽1+ = 𝛽𝛽1−,𝛽𝛽2+ = 𝛽𝛽2−, …𝛽𝛽𝑘𝑘+ = 𝛽𝛽𝑘𝑘−. Rejecting the null hypothesis 

means that asymmetry exists in the speed of price transmission. 

(12) ∆𝑅𝑅𝑅𝑅𝑡𝑡𝛼𝛼 + ∑ (𝛽𝛽𝑗𝑗+𝐾𝐾
𝑗𝑗=1 𝐷𝐷+∆𝑊𝑊𝑅𝑅𝑡𝑡−𝑗𝑗+1) + ∑ (𝛽𝛽𝑗𝑗−𝐿𝐿

𝑗𝑗=1 𝐷𝐷−∆𝑊𝑊𝑅𝑅𝑡𝑡−𝑗𝑗+1) + ∑ ∆𝑅𝑅𝑅𝑅𝑡𝑡−𝑗𝑗𝑊𝑊
𝑗𝑗=1 + 𝛾𝛾𝑡𝑡 

𝐷𝐷+ = �1  𝑖𝑖𝑖𝑖  ∆𝐹𝐹𝑅𝑅𝑡𝑡−𝑗𝑗+1 > 0
0      𝑜𝑜𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑒𝑒𝑒𝑒    

 

𝐷𝐷− = �1  𝑖𝑖𝑖𝑖  ∆𝐹𝐹𝑅𝑅𝑡𝑡−𝑗𝑗+1 < 0
0      𝑜𝑜𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑖𝑖𝑒𝑒𝑒𝑒    

 

 In addition, for non-stationary variables, the current study adopts Granger and Les’s 

(1989) method to examine the existence of APT, as shown in Equation (13). This method divides 

the observations of lagged ECTs into positive (𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1+ ) and negative (𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1− ) components. 

𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1+  has a positive value if the ECT is positive; it is zero if the ECT is zero or negative. 

𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1−  has a negative value if the ECT is negative; it is zero if the ECT is zero or positive. 

Testing for the short-term asymmetric speed of price transmission is represented by  𝛽𝛽1+ =

𝛽𝛽1−,𝛽𝛽2+ = 𝛽𝛽2−, …𝛽𝛽𝑘𝑘+ = 𝛽𝛽𝑘𝑘− while testing the long-term asymmetric transmission is represented by 

𝜃𝜃+ = 𝜃𝜃−.  

(13)  ∆𝑅𝑅𝑅𝑅𝑡𝑡 = 𝛼𝛼 + ∑ (𝛽𝛽𝑗𝑗+𝐾𝐾
𝑗𝑗=1 𝐷𝐷+∆𝑊𝑊𝑅𝑅𝑡𝑡−𝑗𝑗+1) + ∑ (𝛽𝛽𝑗𝑗−𝐿𝐿

𝑗𝑗=1 𝐷𝐷−∆𝑊𝑊𝑅𝑅𝑡𝑡−𝑗𝑗+1) + 𝜃𝜃+𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1+ +

𝜃𝜃−𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1+ + ∑ ∆𝑅𝑅𝑅𝑅𝑡𝑡−𝑗𝑗𝑊𝑊
𝑗𝑗=1 + 𝛾𝛾𝑡𝑡 

𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1+ = �
𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖,𝑗𝑗  𝑖𝑖𝑖𝑖  𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖,𝑗𝑗,𝑡𝑡 > 0
0      𝑖𝑖𝑖𝑖   𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖,𝑗𝑗,𝑡𝑡 ≤ 0  

𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1− = �
𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖,𝑗𝑗  𝑖𝑖𝑖𝑖  𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖,𝑗𝑗,𝑡𝑡 < 0
0      𝑖𝑖𝑖𝑖   𝐸𝐸𝐸𝐸𝐸𝐸𝑖𝑖,𝑗𝑗,𝑡𝑡 ≥ 0  

Data Description 

The data used in this study include the monthly average retail and wholesale prices of select 

fresh vegetables. The fresh vegetables in this study were tomatoes, potatoes, cucumbers, squash, 

onions, and garlic. The data covered the period from January 1999 through December 2012. The 
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wholesale price is represented by WP while the retail price is represented by RP. The data are 

measured in Saudi Riyals (SR), where 3.75 SR equals one USD, and per kilogram, where one 

kilogram equals 2.205 pounds. A summary of the data is presented in Table 1.  

The data were collected from official government publishing books. The Ministry of 

Agriculture annually publishes data on the average prices of fresh vegetables, fruits, and meats; 

that source covers the period from 2009 to 2012. The Ministry of Agriculture published data on 

the average price of vegetables, fruits and meats in Saudi Arabia in 2010 for the periods from 

1999 to 2008.  

Empirical Results 

The ADF test result failed to reject the null hypothesis for a single unit root at both the wholesale 

and retail price levels and (see Table 2). The Zivot and Andrews test rejected the null hypothesis 

for most of the commodities except onions at both levels and garlic at the retail price level (see 

Table 3). As the ADF test ignores the structure breakpoint, the ADF test could lead to a false 

conclusion. Furthermore, most breakpoints happened in 2007 and later, which could be 

explained by the change in supporting policies in Saudi Arabia, which became a WTO member 

in November 2005. More specifically, the structure break could reflect the change in subsidies 

policies when the Agricultural Development Fund reformed all the subsidies in 2007.2 Thus, 

tomatoes, potatoes, cucumbers, and squash are stationary variables at both price levels whereas 

onions are non-stationary for both price levels. The wholesale price of garlic is stationary, but the 

retail price is not. These results are based on the results from the Zivot and Andrews test, which 

considered the structure breakpoint in the variable. 

                                                      
2 Saudi Arabia faced a food price crisis that could affect the structure of the time series, but this shock could also 
have less of an effect on local commodities’ prices than agricultural policies.  
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In addition, the Granger causality test determined the causality relationship among prices 

at different levels of the marketing supply channel and set the dependent variable in the price 

transmission model. The length of the number of lags in Granger causality is determined by AIC. 

The test results, presented in Table 4, show that the causality relationship between the wholesale 

prices for squash and cucumbers is independent, meaning that both sets of lagged exogenous 

variables are not statistically different from zero. Thus, the Granger causality test suggests no 

causality exists in the relationship between wholesale and retail prices for squash and cucumber 

commodities. In contrast, onions3 have a bidirectional causality relationship or feedback between 

wholesale and retail prices. In other words, no leader leads the onion market, and if any shocks 

occur at the wholesale level, wholesalers would drive that effect to the retail level and vice versa. 

A unidirectional causality from wholesale to retail prices is present for garlic. Thus, the 

current change4 in retail prices is dependent on the past change in retail prices and the past and 

present change in wholesale prices. Thus, I set the first difference in retail price as the dependent 

variable in the price transmission model. In contrast, the causality relationship for tomatoes and 

potatoes is unidirectional in the direction from retail to wholesale price levels. This suggests that 

changes in the retail price drive changes in the wholesale price. This result is not consistent with 

the findings by Adowas et al. (1996), who generalized that producers are exploited by 

middlemen, who cause changes in the prices. Thus, this result indicates the direction of the 

causality relationship and demonstrates that the retail price for tomatoes and potatoes drives the 

wholesale price while onions have a bidirectional relationship between price levels. The price 

levels of cucumber and squash are independent.  

                                                      
3 The ADF test and Zivot and Andrews test demonstrated that the wholesale and retail prices of onions are non-
stationary; for this, I first identified the difference and then examined the causality relationship between them.  
4 The time series for garlic’s retail price is non-stationary. For this test, using the first difference leads both levels of 
the price to be stationary, making the Granger causality test possible. 



18 
 

Moreover, the cointegration test applied to the non-stationary variables show that the 

variables have the same level of integration. These conditions imply that onion prices, based on 

ADF and the Zivot and Andrews test, are non-stationary. The results of Engle and Granger’s 

(1987) test, as shown in Table 5, indicate that the effect of the wholesale price on retail price is 

statistically significant at the 5 percent level, and the ADF* test indicates that they are 

cointegrated. Cointegration represents a long-term equilibrium relationship between the 

wholesale and retail prices of onions. The coefficients highlight statistically significant and 

theoretically consistent relationships because the increasing wholesale price drives the increases 

in the retail price. Thus, to examine the APT for onions, I used ECM, while the Wolffram-Houck 

model is satisfied for all commodities. 

Price Transmission Results 

The study of vertical price transmission covers four characteristics: magnitude, speed, nature, 

and direction (Vavra and Goodwin, 2005). If there is a shock to the prices, the magnitude helps 

understand how significant the response is at each level due to the shock of a given size at 

another level. The speed aspect represents the timing of the adjustment, while the nature aspect 

delivers information about the adjustments following positive or negative shocks at a certain 

market level that exhibits asymmetry. The direction provides information about how adjustments 

differ, depending on whether a shock is transmitted upward or downward in the supply chain. 

Hence, this study used the Granger causality test to determine the direction of the relationship 

between different levels of the market. The test showed that cucumber and squash at the different 

levels of the market have an independent causality relationship. To this end, the APT test covers 

four commodities: tomatoes, potatoes, garlics, and onions.  
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The study used the pre-cointegration and cointegration methods to estimate the 

magnitude, speed, and nature. The study used the pre-cointegration method to exam asymmetry 

for tomatoes, potatoes, and garlic while onions were tested using the cointegration method. The 

results of the asymmetry price tests are reported in Table 5, and the model’s lag lengths are 

determined by the AIC. The results of the asymmetry price test are based on using the Wald 

coefficient test to examine the hypothesis. The first hypothesis is that a symmetry price 

transmission exists in the long run based on ∑ 𝛽𝛽𝑗𝑗+ =𝐾𝐾
𝑗𝑗=0 ∑ 𝛽𝛽𝑗𝑗−𝐾𝐾

𝑗𝑗=0 . The second hypothesis is that 

symmetry exists in the speed adjustment of the price based on  𝛽𝛽𝑗𝑗+ = 𝛽𝛽𝑗𝑗−. 

The result of the asymmetry test for tomatoes was symmetrical from the retail to 

wholesale price. No significant differences occurred in the effect of increases and decreases over 

the long run. For that, the tomatoes market might be close to the competitive market in the long 

run, and the retailer might have no power in the market. In fact, tomatoes are a perishable 

commodity, so the wholesaler responds with positive and negative price changes for retailers at 

the same level of change. Thus, retailers drive the change in the tomato market, but that does not 

cause a distortion in the market. In the short run, the current month’s coefficients are 

symmetrical, indicating a symmetrical speed adjustment. Table 6 shows that the positive price 

change is larger than the negative price change. Thus, increases in the retail price have a more 

immediate impact on the wholesale price than a price decrease. In addition, the current month’s 

coefficient of a positive price change is greater than one, meaning that the wholesale price 

overshoots in reaction to price changes. The coefficient of the negative price change of the 

current month is also larger than the previous month, meaning that most of the adjustment is 

completed following the shocks. This result suggests that, if there is a shock to the price, the 

shock is caused by the retailer and there is symmetry in the price transmission. The symmetry 
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price transmission coefficients are symmetrical in the short and long run. Thus, the symmetry in 

price transmission proposes that the tomato market has high competition, if not perfect 

competition. 

In addition, potatoes have symmetry in the price transmission from retail to wholesale 

levels in the long run, although there is a difference in the length of lags. A comparison of the 

coefficients of the current month showed that the negative price change is larger than the positive 

price change; furthermore, the decrease in the retail price has a more immediate impact on the 

wholesale price than the price increase. This result indicates that a high speed adjustment 

transfers the decreasing effect while a slower adjustment transfers the increasing effect. Hence, 

the retailer used its power to hide some information from the wholesaler or not pass it along to 

get some benefits.  

The asymmetry price test for garlic was symmetrical from wholesale to retail prices. No 

significant difference emerged in the effect of increases and decreases in the long run. In the 

short run, a positive price change needs larger length lags than a negative price change does. In 

this case, the result could be described as an asymmetrical speed price adjustment because the 

wholesaler uses its power to hide some information from the retailer. Thus, most of the 

adjustment in the positive price change is completed following the shocks, and the wholesale 

price increase has a more immediate impact on the retail price than a price decrease, although it 

takes more time than a decrease. 

In the case of onions, the study used a cointegration method to examine the asymmetry 

price. The result was upward price asymmetry from wholesale to retail prices; a signficiant 

difference occurred in the effect of increases and decreases in the long run, where 𝜃𝜃+ = 𝜃𝜃−. This 

implies that wholesalers might be using their market power to update the price. In addition, this 
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coefficient explains that, when there is a positive shock to the price, the price would be corrected 

by 38% each period until reaching equilibrium; while negative shocks occur, a 10% adjustment 

takes place each period until reaching equilibrium. In the short run, the current month has larger 

positive coefficients than negative ones, indicating that the increasing wholesale price has a more 

immediate impact on the retail price than a decreasing price. In addition, the current month has a 

larger negative coefficient than a positive one, meaning that most of the adjustment is completed 

in the month following the shock. Furthermore, when the causality relationship starts from the 

retail to the wholesale price, symmetry price transportation occurs in the long run. In the short 

run, the coefficients of the negative price change is larger than the positive price change, 

meaning a decrease in the retail price has a more immediate impact on the wholesale price than a 

price decrease. In other words, tomatoes, potatoes, and garlic demonstrated a symmetry price 

transmission while onions demonstrated an asymmetry price transmission. 

Discussion and Conclusions 

The primary objective of this study was to determine the existence of asymmetry in the price 

transmission in the fresh vegetables market in Saudi Arabia between wholesalers and retailers by 

using monthly wholesale and retail price data. The data were examined using the ADF test and 

the Zivot and Andrews test to investigate whether these variables had a unit root. In addition, the 

Engle-Granger method was used to discover the cointegration between the variables to determine 

if there was a linear combination between the variables to reach the economic equilibrium in the 

long run. Furthermore, the asymmetric price test used Wolffram-Houck and the error-correction 

models to examine if asymmetry was present or absent in the fresh vegetables market in Saudi 

Arabia. 
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 The result of the asymmetry price test indicated that tomatoes, potatoes, and garlic 

experience symmetric price transmission while onions experience asymmetry price transmission. 

In the short run, tomatoes, potatoes, and garlic are more likely to demonstrate a symmetrical 

speed while the onion is more likely to demonstrate an asymmetrical speed. 

 The results of this study provide information on which vegetables in the market are more 

competitive; onions are the exception. This information could help policymakers understand how 

to apply any new policies. For example, a policy to help consumers in the tomatoes market 

should start from retailer, not the wholesaler; if the policy started from the wholesaler, it would 

not transfer the effect to the retailer while the opposite could happen. The results can also help 

policymakers understand whether positive or negative shocks affect the speed of adjustment. 

Furthermore, Saudi Arabia’s fresh vegetable needs require more investigation, specifically in 

terms of the symmetry regarding spatiality. A more complex method, such as a threshold 

cointegration and threshold error-correction model, might also be important to apply because the 

data used in this study seemed to have a structural break. 
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Table 1: Definition and Summary Statistics for the Selected Local Price Data 

Commodity Market level Mean 
Std. 

Dev. 
Min Max 

Tomatoes 
Wholesale  2.07 0.58 1.30 5.04 

Retail  3.21 0.605 2.03 6.41 

Potatoes 
Wholesale  1.72 0.409 1.10 3.10 

Retail 2.65 0.599 1.20 4.30 

Squash 
Wholesale 2.43 0.599 1.50 5.60 

Retail 3.61 0.654 2.60 7.50 

Cucumbers 
Wholesale 2.26 0.544 1.40 5.20 

Retail 3.32 0.575 2.30 6.70 

Onions 
Wholesale  1.50 0.403 1.00 3.10 

Retail  2.47 0.437 1.68 4.10 

Garlic 
Wholesale  3.98 2.08 1.2 11.00 

Retail 5.09 1.91 2.6 10.59 
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Table 2: Results of the Unit Root Tests Using the ADF Test 
Commodity Market level Level ADF. t-

statistic 
Number 
of Lags 

Tomatoes 
Wholesale  

C -1.280 12 
C/T -1.624 12 
Non -0.065 12 

Retail 
 

C -5.356*** 0 
C/T -2.396 12 
Non -.2435 12 

Potatoes Wholesale  
 

C -2.403 12 
C/T -2.388 12 
Non -0.6436 12 

Retail 
 

C -3.147** 2 
C/T -3.151 2 
Non -0.6867 0 

Cucumbers Wholesale 
 

C -0.8422 12 
C/T -1.856 12 
Non 0.3036 12 

Retail  
 

C -1.430 12 
C/T -1.764 12 
Non -.2443 12 

Squash Wholesale 
 

C -0.6619 11 
C/T -1.725 12 
Non .3606 11 

Retail  
 

C -0.4937 11 
C/T -1.367 11 
Non 0.51760 11 

Onions 
Wholesale  

C -1.943 12 
C/T -2.055 12 
Non -.8383 12 

Retail 
C -2.811 2 

C/T -2.163 12 
Non -0.9201 2 

Garlic 
Wholesale 

C -0.4256 4 
C/T -1.398 12 
Non 1.4949 12 

Retail  
C -1.528 2 

C/T -1.703 12 
Non 0.0843 2 

Note: *** is significant at the 1 percent level; ** are significant at the 5 percent level, 
* are significant at the 10 percent level 
Intercept means there is break on the intercept, Trend means there is break on the 
trend, both mean there are break on the intercept and trend. 
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Table 3: Results of the Unit Root Tests Using the Zivot and Andrews Test 

Commodity Market 
level Break t-statistic Lag 

Numbers Break Period 

Tomatoes 

Wholesale  
Intercept -7.184*** 0 Jan 2007 

Trend -6.235*** 0 Jun 2003 
Both -7.274*** 0 Jan 2007 

Retail 
 

Intercept -6.354*** 0 Jan 2007 
Trend -5.627*** 0 Dec 2003 
Both -6.320*** 0 Jan 2007 

Potatoes 

Wholesale  
 

Intercept -5.834** 1 Jan 2007 
Trend -4.969* 1 Apr 2008 
Both -6.666*** 1 Jan 2007 

Retail 
 

Intercept -4.602*** 1 May 2009 
Trend -4.145 1 Feb 2008 
Both -4.564 1 Nov 2009 

Cucumbers 

Wholesale 
 

Intercept -8.802*** 1 Dec 2006 
Trend -7.704*** 1 Dec 2002 
Both -8.776*** 1 Dec 2006 

Retail  
 

Intercept -6.387*** 3 Nov 2006 
Trend -4.817** 3 May 2003 
Both -6.369*** 3 Nov 2006 

Squash 

Wholesale 
 

Intercept -6.387*** 2 Dev 2006 
Trend -6.018*** 2 Nov 2002 
Both -6.401*** 2 Jul 2005 

Retail  
 

Intercept -5.857*** 0 Mar 2002 
Trend -5.736*** 0 Apr 2003 
Both -6.003*** 0 Aug 2005 

Onions 

Wholesale  
Intercept -4.167 2 Jan 2007 

Trend -3.549 2 May 2008 
Both -4.703 2 Jan 2007 

Retail 
Intercept -3.760 2 Oct 2006 

Trend -3.122 2 Apr 2008 
Both -4.203 2 Dec 2006 

Garlic 

Wholesale 
Intercept -4.221 2 Dec 2001 

Trend -5.653*** 2 Sep 2005 
Both -6.258*** 2 Jan 2007 

Retail  
Intercept -3.754 2 Apr 2002 

Trend -3.510 2 Sep 2004 
Both -3.775 2 Apr 2002 

Note: *** is significant at the 1 percent level; ** are significant at the 5 percent level, 
* are significant at the 10 percent level 
Intercept means there is break on the intercept, Trend means there is break on the trend, both mean there are break 
on the intercept and trend. 
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Table 4: Results of the Greener Causality Test  

Products Relationship 
Number 
of Lags 

AIC 
F-statistic 

Tomatoes 
Wholesale → Retail 12 1.13 

Retail →Wholesale 12 1.66* 

Potatoes 
Wholesale → Retail 1 0.15 

Retail →Wholesale 1 5.68** 

Cucumbers 
Wholesale → Retail 12 0.75 

Retail →Wholesale 12 0.76 

Squash 
Wholesale → Retail 12 1.12 

Retail →Wholesale 12 0.69 

Onions5 
Wholesale → Retail 12 1.84** 

Retail →Wholesale 12 1.92** 

Garlics6 
Wholesale → Retail 4 2.09* 

Retail →Wholesale 4 1.32 

Note: *** is significant at the 1 percent level; ** are significant at the 5 percent level, 
* are significant at the 10 percent level 

 

 

 

 

 

                                                      
5 Since the onions prices in both level are not stationary, I take the first difference and it be stationary. Then, I did 
the granger causality test on the change level not on the price level. 
6 Retail price of garlic is not stationary, for that, I did granger causality on the first difference in which both 
variables are stationary. 
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Table 5: Engle-Granger cointegration equations 

Products 
Pair of the Price 

Series Coefficient ADF* 

Onions 
Retail - Wholesale 0.513*** -3.108* 
Wholesale – Retail 1.084*** -3.756** 

Note: *** is significant at the 1 percent level; ** are significant at the 5 percent level, 
* are significant at the 10 percent level 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



29 
 

Table 6: Asymmetric Test Result  

 Tomatoes 
∆𝑅𝑅𝑅𝑅𝑡𝑡 ⇒ ∆𝑊𝑊𝑅𝑅𝑡𝑡 

Potatoes 
∆𝑅𝑅𝑅𝑅𝑡𝑡 ⇒ ∆𝑊𝑊𝑅𝑅𝑡𝑡 

Garlics 
∆𝑊𝑊𝑅𝑅𝑡𝑡 ⇒ ∆𝑅𝑅𝑅𝑅𝑡𝑡 

Onions 
∆𝑊𝑊𝑅𝑅𝑡𝑡 ⇒ ∆𝑅𝑅𝑅𝑅𝑡𝑡 

Onions 
∆𝑅𝑅𝑅𝑅𝑡𝑡 ⇒ ∆𝑊𝑊𝑅𝑅𝑡𝑡 

𝛼𝛼 0.016 -0.013 0.005 0.012 -0.063*** 
D7 0.011 0.021 0.004 -0.015 0.084*** 

𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1+     -0.379*** -0.479 *** 
𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡−1−     -0.101 -0.716 *** 
∆𝑅𝑅𝑡𝑡+ 1.016*** 0.528*** 0.524*** 0.439*** 1.376*** 
∆𝑅𝑅𝑡𝑡−1+  0.062 0.398*** 0.184*** 0.082 -0.116 
∆𝑅𝑅𝑡𝑡−2+   0.280** -0.145** 0.194*** 0.288* 
∆𝑅𝑅𝑡𝑡−3+       
∆𝑅𝑅𝑡𝑡− 0.997*** 0.837*** 0.421*** 0.269 *** 0.731 *** 
∆𝑅𝑅𝑡𝑡−1−  0.389* 0.306** 0.238*** 0.174 *** 0.058 
∆𝑅𝑅𝑡𝑡−2−     0.168***  
∆𝑅𝑅𝑡𝑡−1 -0.235** -0.355*** -.0457 -0.362*** 0.022 
∆𝑅𝑅𝑡𝑡−2  -0.205*** -0.072 -0.324*** -0.125 
∆𝑅𝑅𝑡𝑡−3    -0.150*** 0.146** 
�𝛽𝛽+ 1.78 1.206 0.563 0.715 1.548 

�𝛽𝛽− 1.386 1.134 0.659 0.611 1.289 

𝑅𝑅2 0.5676 0.3767 0.5749 0.5177 0.5792 
𝜃𝜃+ = 𝜃𝜃−    6.04*** 1.39 
�𝛽𝛽+ = �𝛽𝛽− 0.73 0.02 0.27   
𝛽𝛽0+ = 𝛽𝛽0− 0.00 0.59 0.36 5.71** 7.21*** 
𝛽𝛽1+ = 𝛽𝛽1− 1.07 0.16 0.20 1.57 0.88 
𝛽𝛽2+ = 𝛽𝛽2−    0.14  

ATP in LR Symmetry Symmetry Symmetry Asymmetry Symmetry 
ATP in Current 
month Symmetry Symmetry Symmetry Asymmetry Asymmetry 
ATP in previous 
Month Symmetry Symmetry Symmetry Symmetry Symmetry 

Note: *** is significant at the 1 percent level; ** are significant at the 5 percent level,* are significant at the 10 
percent level 
 
 

                                                      
7 D is dummy variables where D=1 when time equals January 2007 and greater and D=0 is other way. 


