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Abstract 

 

This research investigates the unconditional and conditional volatility in wheat, flour, and 

high and low quality rice price returns in Afghanistan. It also considers volatility spillover 

from the exporting countries and global markets to the domestic markets. The ARCH LM test 

and GARCH (1,1) model with exogenous variables are, inter alia, employed in the analysis. 

The results suggest the existence of volatility clustering and persistence in all of the price 

return series examined, which indicates a prolonged period of uncertainty in the domestic 

markets after a shock that can harm both consumers and producers. Evidence of volatility 

spillover from exporting countries to domestic markets is also observed such that the domestic 

markets may be relatively less vulnerable to import wheat and flour from Kazakhstan, and rice 

from Pakistan. As price levels, both conditional and unconditional price volatility in the price 

returns have declined after January 2011 such that the level of decrease is larger for wheat 

and flour price returns while it is meager for the returns of high and low quality rice prices. 

Given the country’s context, the findings of this research imply that extreme and unpredictable 

changes in the staple food prices may not only deteriorate the welfare of poor households but 

their persistence also create uncertainty for all of the market participants. 

Keywords: Foodgrains price volatility, volatility spillover, segmented foodgrains markets, net 

food importing countries, Afghanistan 

JEL Codes: Q02, Q11, Q13, Q18 

 

1. Introduction 

 

Price variation is a typical feature of agricultural markets, but extreme and unpredictable 

changes in commodity prices, i.e., price volatility, should be a source of concern for 

consumers, producers and governments in developing countries (Wolf, 2005; Prakash, 2011; 

Sarris, 2013). The damages due to price volatility range from deteriorating food insecurity and 

poverty to damaging social and economic stability (Wolf, 2005; Prakash, 2011). The severity 

of damages may depend, inter alia, on the magnitude and persistence of the shocks. Besides 

the local determinants of price volatility, the growing interdependence among countries and 

dependence on global market result in the volatility spillover to domestic markets in net food 

importing countries such as Afghanistan. Hassanzoy et al. (2015, 2016a,b,c, 2017) showed that 

the foodgrains prices in global markets and supplier countries are transmitted to domestic 

markets and leave temporary and/or long-lasting effects on the domestic markets. Numerous 
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studies have demonstrated the negative impact of 2007–2008 shocks in food prices on 

deteriorating poverty, food insecurity and instability in developing countries (FAO, 2008; 

Forsé and Subran, 2008; Hoyos and Medvedev, 2009; D’Souza and Jolliffe, 2010). This also 

triggered government interventions in the foodgrains markets to stabilize food prices and 

protect the vulnerable population groups. An understanding of the dynamics of price volatility 

in the foodgrains markets is essential for stabilizing the prices and mitigating the vulnerability 

of consumers and risk to producers. Maintaining the stability of wheat, flour and rice markets 

is also a public policy objective of Afghan government (MAIL, 2013; MAIL, 2016).  

Wheat and rice are the major staple foodgrains of strategic importance in Afghanistan that 

are crucial for ensuring national food and nutritional security. The average per capita annual 

consumption of wheat and rice is about 162 kg and 17 kg with a share in the per capita daily 

calorie intake (2,100 Kcal) of 66% and 8%, respectively (Hassanzoy et al., 2016c, 2017). These 

figures may be considerably larger for the poor population groups. Overall, about 43% of the 

total household consumption expenditures is spent on wheat-bread and cereals whereas it is 

54% for the poorest 40% of the country’s population (CSO, 2007). Wheat and rice are also the 

major cereal crops in Afghanistan as they account for approximately 76% and 11% of total 

cereal production during 2000/01–2014/15. This reveals the vulnerability of poor Afghan 

households to extreme variations in wheat and rice prices. Moreover, the strong dependence 

on wheat, wheat-flour (flour) and rice imports, poor financial and institutional capacity to 

manage extreme shocks in foodgrains prices, prevalence of poverty and food insecurity, and 

volatility in wheat and rice production typify Afghanistan as a vulnerable country to shocks in 

global and domestic foodgrains prices (Hassanzoy et al., 2016a; World Bank, 2013).  

Many studies have been conducted on the volatility of foodgrains prices for different 

countries and regions, mainly after the global food price spikes of 2007–2008 (e.g., Kuwornu 

et al., 2011; Anderson and Nelgen, 2012; Serra and Gil, 2013; Minot, 2014; Gardebroek et al., 

2016; Ceballos et al., 2017). However, no empirical study has examined volatility in wheat, 

flour and rice prices in Afghanistan. Although the foodgrains markets are segmented into high 

and low quality clusters by the preferences and income levels of the consumers (Cramer et al., 

1993; Ghoshray, 2002, 2008), there is an absolute absence of studies that have examined price 

volatility among different quality-clusters of the foodgrains markets. The unavailability of 

required price data may be the major constraint in examining price volatility among/between 

different quality-clusters of foodgrains markets. Due to this constraint, this research examined 

price volatility merely among high and low quality rice prices. Against this background, this 

study investigates unconditional and conditional price volatility among wheat, flour, and high 

and low quality rice (foodgrains) prices in Afghanistan.  

 

2. Data and Methods 

 

2.1. Data Used in the Analysis 

 

The data used in the present study comprise wheat, flour and rice prices in domestic and 

supplier (exporting) countries markets from October 2006 to December 2016. Additional 

details on the data series used in this study are provided in Appendix 1. All the price series are 

adjusted for inflation and their log returns, 𝑟𝑡 = 100 ×  𝑙𝑜𝑔(𝑃𝑡 𝑃𝑡−1⁄ ), are employed 

throughout the analysis, which are commonly used in studies on price volatility. The returns 

of domestic wheat, flour and rice retail prices averaged across seven central provincial 

markets, namely, Kabul, Jalalabad, Kandahar, Hirat, Balkh, Faizabad and Maimana, represent 

the respective domestic markets. Pakistan is a major supplier of wheat, flour and rice to 

Afghanistan. Kazakhstan is also a larger exporter of wheat and flour to the country. It is also 

a key player in the global wheat market. Thailand, one of the top exporters of rice in the world, 

does not export significant amount of rice to Afghanistan. Thus, the returns of Pakistani wheat 
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and flour retail prices as well as Basmati and 25% broken rice export prices coupled with the 

returns of Kazakh flour retail and wheat export prices represent the exporting countries wheat, 

flour and rice markets. The returns of Thai rice and Kazakh wheat export prices are 

benchmarks for global rice and wheat markets, respectively.  

Hassanzoy et al. (2015, 2016a, 2017) showed that that the dynamics of price transmission 

are different between high and low quality rice markets, price volatility being no exception. 

Although wheat and flour markets are also segmented by quality, there is no disaggregated 

price data for them. Thus, the returns of domestic Sela, Pakistani Basmati and Thai 100% B 

rice prices represent high quality rice markets whereas those of domestic Permal and Pakistani, 

and Thai 25% broken rice signify low quality rice markets in this study. Table 1 summarizes 

the descriptive statistics of the price returns series used in the present research.  

 

Table 1. Descriptive Statistics of the Wheat, Flour and Rice Price Returns.  

Price 

Returns 

Point Estimates 

Mean Median 
Standard 

Deviation 
Skewness Kurtosis 

Jarque-

Bera 

Domestic 

Wheat 
-0.211 -0.599 4.533 1.948 15.308 

57.18 

(0.000) 

Domestic 

Flour 
-0.146 -0.388 4.728 1.553 12.786 

49.73 

(0.000) 

Domestic 

HQR 
-0.037 -0.392 3.035 0.897 4.912 

17.76 

(0.000) 

Domestic 

LQR 
-0.161 -0.385 3.100 1.055 5.234 

21.63 

(0.000) 

Pakistani 

Wheat 
-0.318 -0.255 3.574 0.029 4.745 

7.23 

(0.027) 

Pakistani 

Flour 
-0.331 -0.463 4.462 0.725 15.379 

37.44 

(0.000) 

Pakistani 

HQR 
-0.431 -0.907 8.065 -0.272 6.896 

15.12 

(0.001) 

Pakistani 

LQR 
-0.496 -0.389 6.294 0.048 6.219 

12.10 

(0.002) 

Kazakh 

Wheat 
-0.563 -0.485 9.476 1.267 10.126 

37.80 

(0.000) 

Kazakh 

Flour 
-0.661 -0.363 4.241 -1.754 13.934 

55.11 

(0.000) 

Thai HQR -0.008 0.029 6.266 2.285 15.373 
61.75 

(0.000) 

Thai LQR 0.044 0.049 6.139 1.784 12.782 
50.27 

(0.000) 

Note: Figures in brackets are the p-values for Jarque-Bera Chi-square test.  

 

2.2. Unconditional Volatility in Wheat, Flour and Rice Price Returns 

 

One of the commonly used methods of measuring price volatility is the rolling (moving) 

standard deviation of the price returns. Minot (2014) used unconditional standard deviation of 

returns to examine food price volatility in sub-Saharan Africa. Gardebroek et al. (2016), inter 

alia, employed two-yearly moving standard deviations to study the unconditional volatility in 

corn, wheat and soybeans price returns. Thus, the unconditional or historical volatility in 

wheat, flour and high, and low quality rice price returns is measured by estimating eleven 
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months rolling standard deviations of the price returns in the present study. This may be rather 

a crude method of measuring price variability, which is unconditional upon the history of the 

price returns, i.e., it does not consider any prior information, and gives equal weights to all the 

observations.1 It should be noted that the non-stationarity property of the prices gives rise to 

time dependent estimates of price variability. The price returns are often stationary and allow 

the standard deviation to be independent of the time period (Minot, 2014).  

Figure 1 portrays the rolling standard deviations of domestic, Pakistani and Kazakh wheat 

price returns (WPRs). The average level of volatility is larger for Kazakh wheat price returns 

(8.47) followed by domestic (3.62) and Pakistani (3.39) wheat price returns. A possible reason 

for the difference in the magnitude of volatility may be the level of prices. That is, Kazakh 

wheat prices are export prices, which are assumed to be more volatile due to the thin nature of 

the world wheat market as compared to the domestic and Pakistani retail wheat prices. 

Although the mean level of volatility is higher for Kazakh wheat price returns, the coefficient 

of variations (CV) of 69.69% indicates that domestic wheat price returns are highly volatile 

followed by those of Pakistani (43.07%) and Kazakh (39.45%). The Figure traces similar 

changing patterns in the rolling standard deviations of domestic and Pakistani wheat price 

returns. Although the determinants of volatility are market specific, this may suggest a 

possibility of volatility spillover from Pakistani to domestic wheat markets. 

 

 
Source: Own estimation results 

 

Figure 1. Unconditional Volatility in Domestic, Pakistani and Kazakh Wheat Price 

Returns. 

 

Figure 2 presents the rolling standard deviations of domestic, Pakistani and Kazakh flour 

retail price returns. The average level of unconditional volatility is almost the same in all the 

three flour price returns (FPRs) whereas the degree of variability around the mean as denoted 

by CV is larger for Pakistani (79.41%), domestic (70.54%), and Kazakh (62.33%) flour price 

returns, respectively. This may suggest that Pakistani and domestic flour price returns are more 

volatile than Kazakh flour price returns. As in case of wheat price returns, the rolling standard 

deviations of domestic and Pakistani flour price returns traced similar changing patterns. 

Unlike the historical volatility in Kazakh wheat export price returns, that of Kazakh flour retail 
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price returns to, a greater extent, exposed similar changing behavior to its Pakistani and 

domestic counterparts. Disregard of the underlying factors of volatility in each of the markets, 

volatility in Pakistani and Kazakh flour markets may spillover to the domestic market. As 

compared to domestic, Pakistani and Kazakh wheat price returns, unconditional volatility as 

measured by CV of the rolling standard deviations is higher for their corresponding flour price 

returns. That is, the flour price returns may be more volatile than those of wheat prices.  

 
Source: Own estimation results.  

 

Figure 2. Unconditional Volatility in Domestic, Pakistani and Kazakh Flour Price 

Returns. 

 

Figure 3 reports the rolling standard deviations of domestic, Pakistani and Thai high quality 

rice price returns (PRs). As Kazakh wheat export price returns, the export price returns of 

Pakistani and Thai high quality rice appear to be, on average, more volatile. The average 

historical volatility as measured by the rolling standard deviation is larger for Thai high quality 

rice price returns (7.44) followed by Pakistani (5.26) and domestic (2.44) high quality rice 

price returns. Similarly, Thai, domestic and Pakistani high quality rice price returns registered 

a CV of 62.45%, 45.20% and 44.98%, respectively. This suggests that the variability around 

the mean is larger for Thai, domestic and Pakistani high quality rice price returns, respectively. 

The returns of domestic prices of high quality rice appear to better follow the variability in 

Thai than Pakistani high quality rice price returns.  

Figure 4 portrays the rolling standard deviations of domestic, Pakistani and Thai low 

quality rice price returns. The mean level of volatility is larger for the returns of Pakistani 

(5.43), Thai (5.06) and domestic (2.70) prices of low quality rice, respectively. Similarly, 

deviations from the mean level of volatility are larger for the returns of Thai prices of low 

quality rice (65.67%) followed by the returns of Pakistani (58.58%) and domestic (43.38%) 

prices of low quality rice. This also suggests that the returns of Thai and Pakistani export prices 

are more volatile than those of domestic retail prices. The unconditional volatility in the returns 

series show similar changing patterns, especially those of Pakistani and Thai rice export prices, 

which indicate the possibility of volatility spillover between these markets. As compared to 

the returns of Pakistani and Thai high quality rice export prices, those of their respective low 

quality rice export prices are more volatile as measured by CV of the rolling standard 
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deviations. This is just the opposite for the returns of domestic prices of high and low quality 

rice.  

 

 
  Source: Own estimation results.  

 

Figure 3. Unconditional Volatility in Domestic, Pakistani and Thai High Quality Rice 

Price   Returns. 

 

 
   Source: Own estimation results.  

 

Figure 4. Unconditional Volatility in Domestic Pakistani and Thai Low Quality Rice 

Price Returns. 
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2.3. Methods Used in the Analysis 

 

The non-stationarity property of the wheat, flour and rice price series and their returns is 

examined using Augmented Dickey–Fuller (1979), Phillips–Perron (1988), Kwiatkowski et 

al. (1992) and Lee–Strazicich (2003) unit root tests (hereinafter, ADF, PP, KPSS and LS tests). 

LS test considers a structural break in the price series, which may have happened due to the 

skyrocketing foodgrains prices in 2007–2008. KPSS test is a good complement of ADF and 

PP tests due to their opposite null hypotheses. Since the price and returns series do not expose 

a linear trend, the unit root tests are fitted without considering a linear trend in the model.  

Figure 5 depicts the returns of wheat, flour, and high and low quality rice prices that are 

used in the present study. It is evident from the Figure that the price returns experienced periods 

of high and low volatility, which is termed as volatility clustering. Engle (1982) introduced 

Autoregressive Conditional Heteroscedasticity (ARCH) process to model the conditional 

variance of this kind of series that exhibit heteroscedasticity. To test for ARCH effects in the 

domestic wheat, flour and rice price returns, the standard procedure of testing for ARCH effect 

is applied. First, the mean equation is estimated as autoregressive (AR) process below and its 

residuals, 휀�̂�, are obtained.  

 

𝑟𝑡 = 𝛼 + ∑ 𝛽𝑖  𝑟𝑡−𝑖

𝑝

𝑖=1

+  휀𝑡                                                                                  (1) 

 

where, 𝑟𝑡 is the returns of domestic wheat, flour or rice prices, 𝑟𝑡 = 100 ×  𝑙𝑜𝑔(𝑃𝑡 𝑃𝑡−1⁄ ), 

𝛼 is the constant term, 𝛽𝑖 denotes coefficients on the previous period’s price returns, 𝑝 denotes 

the order of AR process and 휀𝑡 is the disturbance term. Second, using the residuals from mean 

equation, the variance equation for ARCH effects is estimated with 1 to 12 lags as follows:  

 

ℎ𝑡 = 𝜃 + ∑ 𝛿𝑖 휀𝑡−𝑖
2

𝑝

𝑖=1

+ 𝑣𝑡                                                                                  (2) 

                                                            

where, ℎ𝑡 is the current conditional variance of residuals, 𝜃 is the constant term, 𝛿𝑖 denotes 

coefficients on the lagged squared residuals and 𝑣𝑡 is white-noise error term. ARCH Lagrange 

Multiplier (LM) test examines the null hypothesis that 𝛿1 = ⋯ = 𝛿𝑝 = 0 using a test statistics 

(T*R2) that follows 𝜒2 distribution. Rejection of the null hypothesis implies the existence of 

ARCH effects in the residuals (Engle, 1982; Enders, 2015).  

Bollerslev (1986) introduced the Generalized ARCH (GARCH) process that allows for a 

relatively more flexible lag structure in the variance equation. A GARCH (p, q) model allows 

for both the past squared residuals and conditional variances to affect the current conditional 

variance. It simultaneously estimates the ARCH and GARCH effects of a price returns series. 

Third, upon confirmation of the ARCH effects, the variance equation of the GARCH (1,1) 

model is estimated as follows:  

 

ℎ𝑡 = 𝜃 + 𝛿 휀𝑡−1
2 + 𝛾 ℎ𝑡−1 + ∑ 𝜇𝑖  𝑆1𝑡−𝑖

𝑚

𝑖=1

+ ∑ 𝜇𝑗 𝑆2𝑡−𝑗

𝑛

𝑗=1

+ 𝑣𝑡                     (3)  

                    

where, ℎ𝑡 is the current conditional variance, 𝜃 is the constant term, 𝛿 is ARCH term, 𝛾 is 

GARCH term, 𝜇𝑖 and 𝜇𝑗 are the coefficients on lagged returns of the supplier countries denoted 

by 𝑆1𝑡−𝑖 and 𝑆2𝑡−𝑗, and  𝑣𝑡 is the white-noise disturbance term. 𝛿 and 𝛾 should be positive and 
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their summation should be less than one. The closer the sum of 𝛿 and 𝛾 to one, the more 

persistent is the volatility (Enders, 2015). That is, a shock may take longer time to dissipate.  

Although the wheat, flour and high, and low quality rice price returns are not normally 

distributed (Table 1), the GARCH (1, 1) models estimated with the normal distribution were 

chosen by BIC and Log Likelihood statistic. The standardized residuals, �̂�𝑡 √ℎ𝑡⁄ , of the fitted 

GARCH models are tested for normality using the Shapiro–Wilk and Jarque–Bera tests. 

Ljung–Box Q–Statistic is used to test for autocorrelation in the standardized squared residuals, 

𝑣𝑡
2 ℎ𝑡⁄ , of the fitted GARCH models. The sign–bias tests of Engle and Ng (1993) and the one 

suggested in Enders (2015) are used to assess if positive and negative shocks have asymmetric 

effect on the current conditional variance. Since there was no significant sign bias, the standard 

GARCH (1,1) model is used in this paper instead of Exponential GARCH (EGARCH) model.  

 

 
Source: Own estimation results.  

 

Figure 5. Pattern of Changes in Domestic Wheat, Flour, and High and Low Quality 

Rice Price Returns. 

 

3. Empirical Results 

 

3.1. The Order of Integration of the Prices and their Returns 

 

ADF, PP and KPSS tests with constant are estimated along with Model–A of LS test to 

examine non-stationarity and order of integration of the price series and their returns. 
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Appendices 2–4 report the results of unit root tests in level and first difference of wheat, flour, 

and high and low quality rice prices. The results indicate that the price series are non-stationary 

in level but their first difference is stationary. That is, the price series are integrated of order 

one. Tables 2 and 3 report the results of unit root tests for the returns of wheat, flour, and high 

and low quality rice prices. The results confirm that all the price returns series are stationary. 

This property of the price returns make them good candidates for modelling price volatility as 

compared to price levels.  

 

Table 2. Unit Root Tests on the Wheat and Flour Price Returns. 

Price Returns Lags ADF–test PP–test KPSS–test LS–test 

Domestic Flour 3 -3.924*** -8.438*** 0.156 -3.988** 

Pakistani Flour 4 -6.645*** -11.794*** 0.090 -6.566*** 

Kazakh Flour 1 -5.562*** -6.098*** 0.351* -5.691** 

Domestic Wheat 3 -3.366** -7.878*** 0.115 -3.834** 

Pakistani Wheat 2 -6.155*** -7.959*** 0.074 -6.477*** 

Kazakh Wheat 1 -5.969*** -6.989*** 0.114 -6.170*** 

Critical 

Values 

1% *** -3.485 -3.485 0.739 -4.239 

5% ** -2.885 -2.885 0.463 -3.566 

10% * -2.579 -2.579 0.347 -3.211 

Note: The critical values of LS test are for a single structural break as reported in Lee–

Strazicich (2013). 

 

Table 3. Unit Root Tests on the High and Low Quality Rice Price Returns. 

Price Returns Lags ADF–test PP–test KPSS–test LS–test 

Domestic HQR 1 -5.662*** -7.829*** 0.770*** -4.245*** 

Pakistani HQR 2 -7.371*** -8.320*** 0.088 -6.930*** 

Thai HQR 1 -6.305*** -6.384*** 0.227 -6.316*** 

Domestic LQR 0 -8.337*** -8.421*** 0.429* -8.692*** 

Pakistani LQR 2 -5.474*** -6.253*** 0.084 -6.282*** 

Thai LQR 1 -5.815*** -6.169*** 0.203 -6.241*** 

Critical 

Values 

1% *** -3.49 -3.49 0.74 -4.24 

5% ** -2.89 -2.89 0.46 -3.57 

10% * -2.58 -2.58 0.35 -3.21 

Note: The critical values of LS test are for a single structural break as reported in Lee–

Strazicich (2013). 

 

3.2. ARCH Effects and Volatility Clustering  

 

The ARCH LM test is used to examine the null hypothesis of no ARCH effects in the 

residuals from the mean equation of the price returns series. Table 4 summarizes the results of 

ARCH LM tests on the residuals from the mean equations of wheat, flour, and high and low 

quality rice price returns. It is evident from the Table that the null hypothesis of no ARCH 

effect in the residuals from the mean equations of domestic wheat, flour, and high and low 

quality rice price returns is rejected at various lags. That is, the residuals experienced periods 

of high and low volatility, which is termed as volatility clustering. This behavior of the 

residuals of mean equation is also observable from Figure 6, which plots the residuals from 

the mean equations of wheat, flour, and high and low quality rice price returns. Thus, both the 
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ARCH LM tests and the Figure suggest that the residuals from the mean equations of wheat, 

flour, and high and low quality rice price returns contain ARCH effects. The existence of 

ARCH effects in the residuals permit fitting the standard GARCH models to the price returns 

series as follows.  

 

Table 4. The Results of ARCH LM Test for Wheat, Flour and Rice Price Returns. 

L
ag

 

O
rd

er
 Wheat Price Returns Flour Price Returns 

High Quality Rice 

Price Returns 

Low Quality Rice 

Price Returns 

Test 

Statistic 

P-

Value 

Test 

Statistic 

P-

Value 

Test 

Statistic 

P-

Value 

Test 

Statistic 

P-

Value 

2 12.258*** 0.002 14.205*** 0.001 10.358*** 0.006 7.210** 0.027 

4 14.789*** 0.005 16.704*** 0.002 22.452*** 0.000 7.594* 0.108 

6 15.358*** 0.018 17.427*** 0.008 24.905*** 0.000 9.756 0.135 

8 17.241** 0.028 17.367** 0.027 27.764*** 0.001 10.679 0.221 

10 19.537** 0.034 18.173* 0.052 28.072*** 0.002 10.416 0.405 

12 20.026* 0.067 18.650* 0.097 36.051*** 0.000 31.044*** 0.002 

 

Note: P-Value (P) < 0.01 (***), P < 0.05 (**), P < 0.1 (*); The test statistics is following the 

Chi-square distribution. The null hypothesis is “there is no ARCH effects in the residuals from 

mean equation.  

 

 
Source: Own estimation results. 

 

Figure 6. The Residuals from The Mean Equations of Domestic Wheat, Flour, And 

High and Low Quality Rice Price Returns. 
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3.3. The Results of GARCH (1, 1) Models for Wheat and Flour Price Returns 

 

Panel A of Table 5 reports the results of GARCH (1, 1) model fitted to domestic wheat 

price returns. The mean equation indicates that previous period’s price returns affect the 

current returns of domestic wheat prices. Pakistan and Kazakhstan are the two major suppliers 

of wheat to Afghanistan. Hence, their wheat price returns are also included as exogenous 

variables in the variance equation. The coefficients on previous period’s returns of Pakistani 

and Kazakh wheat prices are statistically significant with negative and positive signs, 

respectively.2 This indicates the presence of volatility spillover from Pakistani and Kazakh 

wheat markets to the domestic market. Hassanzoy et al. (2016b,c) also showed that price change 

in the supplier countries affect domestic wheat markets. The ARCH and GARCH terms have 

the expected signs (positive) and are statistically significant with the latter being stronger 

(0.821) than the former (0.144). That is, the current conditional variance is influenced by both 

previous period’s squared residuals and conditional variances. The ARCH and GARCH terms 

sum to 0.965, which is very close to one. This suggests that the volatility in domestic wheat 

market is highly persistent, i.e., a random shock in wheat prices may take longer to be 

eliminated. This implies a prolonged period of uncertainty in domestic wheat market after a 

random shock, which may negatively affect the welfare of producers and consumers in the 

country. A very long period of uncertainty may also result in socio-economic crisis. This 

discussion holds for the same results in the succeeding paragraphs. The diagnostic tests attest 

to the adequacy of the fitted GARCH model. That is, the standardized squared residuals are 

normally distributed, their squares are not autocorrelated, and the positive and negative shocks 

may have symmetric effects on the current conditional variance as indicated by the sign bias 

test.  

Panel B of Table 5 summarizes the results of GARCH (1, 1) model fitted to domestic flour 

price returns. The mean equation indicates that the lagged domestic flour price returns affect 

the current price returns. Pakistan and Kazakhstan are also the two major suppliers of flour to 

Afghanistan. Their flour price returns are, therefore, incorporated as exogenous variables in 

the variance equation. The related coefficient is significant for Pakistani flour price returns 

with negative sign. This shows volatility spillover between domestic and Pakistani flour 

markets. Hassanzoy et al. (2016c) also demonstrated that changes in Pakistani and Kazakh 

flour prices affect their domestic counterparts. The ARCH and GARCH terms have the 

expected signs (positive) and are statistically significant with GARCH effects (0.620) being 

stronger than ARCH effects (0.156). That is, the current conditional variance is affected by 

both the lagged squared residuals and lagged conditional variances. The ARCH and GARCH 

coefficients sum to 0.776, which is close to one. This suggests volatility persistence in the 

domestic flour market, which indicates that the time required to dissipate a shock may take a 

longer period of time. The diagnostic tests denote that the standardized squared residuals are 

normally distributed and their squared residuals are not autocorrelated. It is also found that 

there is no sign bias in the residuals. This shows the suitability of the fitted GARCH model. 

The upper panels of Figure 7 portray the one-step ahead forecast of the conditional variance 

predicted from the fitted GARCH models of wheat and flour price returns, respectively. A 

significant spike is observable in the conditional variance of wheat and flour price returns 

between mid-2008 and late 2009. The remaining periods shows relatively lower level of 

volatility.  
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Table 5. Results of GARCH (1,1) Models for Wheat and Flour Price Returns.  

Panel A: GARCH Model for Wheat Price 

Returns 

Panel B: GARCH Model for Flour Price 

Returns 

Coefficient Estimate 
SE 

(Robust) 

P-

Value 
Coefficient Estimate 

SE 

(Robust) 

P-

Value 

Mean Equation Mean Equation 

Constant -0.125 0.208 0.549 Constant -0.172 0.245 0.484 

L1.DWPR 
 

0.326***  
0.093 0.000 L1.DFPR 0.441*** 0.093 0.000 

L3.DWPR 0.150* 0.089 0.092 L3.DFPR  0.079 0.084 0.345 

Variance Equation Variance Equation 

Constant -13.605 8.348 0.103 Constant 0.390 0.468 0.404 

L1.PWPR  -1.258* 0.708 0.075 L2.PFPR  -0.250*** 0.033 0.000 

L1.KWPR 0.245*** 0.082 0.003 L2.KFPR -0.021 0.118 0.856 

L1.ARCH 0.144* 0.083 0.084 L1.ARCH 0.156* 0.083 0.062 

L1.GARCH   0.821*** 0.062 0.000 L1.GARCH 0.620*** 0.130 0.000 

Post Estimation Tests Post Estimation Tests 

Shapiro-

Wilk test 
0.985   0.206 

Shapiro-

Wilk test 
0.987   0.242 

Jarque-Bera 

test 
2.360  0.307 

Jrque-Bera 

test 
3.000  0.223 

Q (4) 3.944  0.414 Q (4) 3.662  0.454 

Q (8) 10.994  0.202 Q (8) 6.256  0.619 

Q (12) 14.305  0.282 Q (12) 8.667  0.731 

Sign Bias F-

test 
0.530  0.715 

Sign Bias F-

test 
0.590  0.672 

AIC 647.360   AIC 683.744   

BIC 625.127   BIC 706.560   

Log 

Likelihood 
-304.563     

Log 

Likelihood 
-333.872     

Note: P-Value (P) < 0.01 (***), P < 0.05 (**), P < 0.1 (*); DWPR: Domestic Wheat Price 

Returns (PR); DFPR: Domestic Flour PR; PWPR: Pakistani Wheat PR; PFPR: Pakistani Flour PR; 

KWPR: Kazakh Wheat PR; KFPR: Kazakh Flour PR; SE: Standard Error; Q: Q-Statistic with lags 

in () 

 

3.4. The Results of GARCH (1, 1) Models for High and Low Quality Rice Price Returns 

 

Panel A of Table 6 presents the results of GARCH (1, 1) model fitted to the returns of 

domestic prices of high quality rice. The mean equation indicates that previous period’s returns 

of domestic prices of high quality rice affect their current returns. Pakistan is the major supplier 

of rice to Afghanistan and Thailand is a large exporter of rice in the world. Their returns are 

included as exogenous variables in the variance equation. The results show that the returns of 

Thai prices of high quality rice may influence the current conditional variances. This implies 

potential volatility spillover from Thai to domestic market of high quality rice. Hassanzoy et 

al. (2015, 2016a, 2017) also reported the influence of changes in Thai and Pakistani prices of 

high and low quality rice on their corresponding domestic prices. While the ARCH term is 

statistical significant, the GARCH term is not. It seems that only the previous period’s squared 

residuals affect the current conditional variance. The ARCH and GARCH terms are positive 
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and sum to 0.867, which is close to one. This implies that volatility is persistent in the domestic 

market of high quality rice. The diagnostic tests of the fitted GARCH model reveal that the 

standardized squared residuals are normally distributed, there is no autocorrelation in the 

squared standardized residuals and the positive and negative shocks have symmetric effect on 

the current conditional variance. This approves the adequacy of the model. 

 

Table 6. Results of GARCH (1,1) Models for High and Low Quality Rice Price Returns.  

Panel A: GARCH Model for High Quality 

Rice Price Returns 

Panel B: GARCH Model for Low Quality 

Rice Price Returns 

Coefficient Estimate 
SE 

(Robust) 

P-

Value 
Coefficient Estimate 

SE 

(Robust) 

P-

Value 

Mean Equation Mean Equation 

Constant -0.631*** 0.158 0.000 Constant  -0.781*** 0.215 0.000 

L1.DHPR 0.205** 0.099 0.039     

Variance Equation Variance Equation 

Constant 0.731** 0.305 0.016 Constant -0.907 1.510 0.548 

L1.PHPR 0.016 0.016 0.313 L1.PLPR 0.363* 0.188 0.054 

L1.THPR 0.081*** 0.022 0.000 L2.TLPR -0.151 0.114 0.188 

L1.ARCH 0.818*** 0.312 0.009 L1.ARCH 0.316** 0.162 0.051 

L1.GARCH 0.049 0.077 0.527 L1.GARCH 0.590*** 0.157 0.000 

Post Estimation Tests Post Estimation Tests 

Shapiro-

Wilk test 
0.994   0.917 

Shapiro-

Wilk test 
0.996   0.981 

Jarque-Bera 

test 
0.930  0.629 

Jrque-Bera 

test 
0.390  0.823 

Q (4) 3.785  0.436 Q (4) 2.820  0.588 

Q (8) 6.188  0.626 Q (8) 4.151  0.843 

Q (12) 7.962  0.788 Q (12) 7.307  0.837 

Sign Bias F-

test 
1.560  0.189 

Sign Bias F-

test 
1.170  0.329 

AIC 551.506   AIC 582.815   

BIC 570.901   BIC 599.439   

Log 

Likelihood 
-268.753     

Log 

Likelihood 
-285.408     

Note: P-Value (P) < 0.01 (***), P < 0.05 (**), P < 0.1 (*); DHPR: Domestic High Quality Rice 

(HQR) Price Returns (PR); DLPR: Domestic Low Quality Rice (HQR) Price Returns; PHPR: 

Pakistani HQR PR; PLQR: Pakistani LQR PR; THPR: Thai HQR PR; TLPR: Thai LQR PR; SE: 

Standard Error; Q: Q-Statistic with lags in ()  

 

Panel B of Table 6 provides the results of GARCH (1, 1) model fitted to the domestic low 

quality rice price returns. The returns of Pakistani and Thai prices of low quality rice are also 
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included in the variance equation. It appears that the lagged returns of Pakistani prices of low 

quality rice affect the current conditional variance whereas those of Thai does not. This 

suggests volatility spillover from Pakistani to domestic market of low quality rice. The ARCH 

and GARCH terms carry the expected signs (positive) and are statistically significant with the 

latter (0.590) being larger than the former (0.316). This implies that both the previous periods 

squared residuals and conditional variances affect the current conditional variance. The sum 

of ARCH and GARCH terms is 0.906, which is very close to one, denoting the persistence of 

volatility in the domestic market of low quality rice. The diagnostic tests of the fitted GARCH 

model indicate that the standardized residuals are normally distributed, the squared 

standardized residuals are not autocorrelated, and the positive and negative shocks have 

symmetric effect on the current conditional variance. This suggests that the GARCH model is 

best fit. The lower panels of Figure 7 depict the one-step ahead forecast of the conditional 

variance of high and low quality rice price returns, respectively. It is evident from the Figures 

that the high and low quality rice price returns experienced huge volatility during 2007–2011, 

which is followed by the periods of relatively low volatility. Unlike the conditional variances 

of domestic wheat and flour price returns, those of high and low quality rice experienced more 

small and big shocks.  

 

 
Source: Own estimation results 

 

Figure 7. One-Step Ahead Forecast of the Conditional Variance of Domestic Wheat, 

Flour, and High and Low Quality Rice Price Returns. 
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Table 7. Comparison of Price Volatility among Wheat, Wheat-Flour, and High and Low 

Quality Rice Price Returns before and after January 2011.  

Measures of 

Volatility 
Period Obs. Mean SD 

Ratio 

of SD 

F-

Statistic 
Ha 

p-

value 

Cond. Var. of 

Wheat 

Oct. 2006–

Dec.2010 
49 42.687 48.535 13.545 183.463 r ≠ 1  0.000 

Cond. Var. of 

Wheat 

Jan. 2011–

Dec. 2016 
72 6.055 3.583  (48, 71) r > 1  0.000 

       r < 1  1.000 

Rolling SD of 

Wheat 

Oct. 2006–

Dec.2010 
40 5.745 3.148 4.306 18.545 r ≠ 1  0.000 

Rolling SD of 

Wheat 

Jan. 2011–

Dec. 2016 
72 2.436 0.731   (39, 71) r > 1  0.000 

       r<1  1.000 

Cond. Var. of 

Flour 

Jan. 2006–

Dec. 2010 
57 44.832 95.887 38.679 1500.000 r≠1  0.000 

Cond. Var. of 

Flour 

Jan. 2011–

Dec. 2016 
72 7.857 2.479  (56, 71) r>1  0.000 

       r<1  1.000 

Rolling SD of 

Flour 

Jan. 2006–

Dec. 2010 
49 5.363 3.555 4.065 16.524 r≠1  0.000 

Rolling SD of 

Flour 

Jan. 2011–

Dec. 2016 
72 2.736 0.875  (48, 71) r>1  0.000 

       r<1  1.000 

Cond. Var. of 

HQR 

Jan. 2007–

Dec. 2010 
46 16.273 19.218 3.769 14.206 r≠1  0.000 

Cond. Var. of 

HQR 

Jan. 2011–

Dec. 2016 
72 5.168 5.099  (45, 71) r>1  0.000 

       r<1  1.000 

Rolling SD of 

HQR 

Jan. 2007–

Dec. 2010 
37 3.675 0.844 1.590 2.527 r≠1  0.001 

Rolling SD of 

HQR 

Jan. 2011–

Dec. 2016 
72 1.804 0.531   (36, 71) r>1  0.000 

       r<1  1.000 

Cond. Var. of 

LQR 

Jan. 2007–

Dec. 2010 
46 19.234 20.315 5.152 26.545 r≠1  0.000 

Cond. Var. of 

LQR 

Jan. 2011–

Dec. 2016 
72 6.036 3.943  (45, 71) r>1  0.000 

       r<1  1.000 

Rolling SD of 

LQR 

Jan. 2007–

Dec. 2010 
37 3.744 1.085 1.351 1.825 r≠1  0.031 

Rolling SD of 

LQR 

Jan. 2011–

Dec. 2016 
72 2.171 0.803  (36, 71) r>1  0.016 

       r<1 0.984 

Note:  Obs.: Observations; SD: Standard Deviation; Cond. Var.: Conditional Variance; HQR: 

High Quality Rice; LQR: Low Quality Rice; Figures in brackets are the degrees of freedom 

for the corresponding F-statistic; Ha: Alternative Hypothesis  
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3.5. The Conditional and Unconditional Price Volatility before and after January 2011 

 

The global and domestic prices of foodgrains experienced dramatic increases during 2007–

2008 and 2010–2011, but the price levels were relatively lower in the remaining years. An 

empirical question is whether price volatility has followed the trends in price levels, which is 

assumed to do so. To answer this question, the conditional and unconditional volatility in the 

returns of wheat, flour, and high and low quality rice prices is compared before and after 

January 2011 using the F-test. The corresponding results are summarized in Table 7. In a 

nutshell, both conditional and unconditional volatility in the returns of wheat, flour, and high 

and low quality rice prices is higher in the period before than after January 2011. This implies 

that as price levels, price volatility has declined after the dramatic spikes in foodgrains prices. 

As indicated by the ratios of standard deviations, the difference between the two periods is 

more acute for wheat and flour than high and low quality rice price returns. This may suggest 

that the volatility in wheat and flour price returns has drastically declined after 2011 while 

volatility in high and low quality rice price returns experienced a relatively small reduction.   

 

4. Summary and Conclusions   

 

The conditional and unconditional volatility in the returns of domestic wheat, flour, and 

high and low quality rice prices is examined in this study. It also considers volatility spillover 

from the exporting countries and global markets to the domestic (Afghan) markets. Rolling 

standard deviations of the price returns, coefficient of variation of the rolling standard 

deviations, GARCH (1,1) model with exogenous variables, and F-test are used in the data 

analysis. 

The coefficients of variations of the rolling standard deviations indicate that the 

unconditional volatility is higher in domestic flour market (70.54%) followed by the domestic 

markets of wheat (69.69%), and high (45.20%) and low quality rice (43.38%). Given the staple 

food status and huge share in households’ consumption expenditures of these foodgrains, 

extreme fluctuations of their prices may pose a threat to ensuring food security and alleviating 

poverty in the country. As observed in several other developing countries, this might also lead 

to socio-economic instability. Besides domestic triggers of price volatility, the results also 

suggest spillover of volatility from exporting countries to domestic markets. Among the two 

major suppliers of wheat and flour to Afghanistan, Pakistani markets of wheat (43.07%) and 

flour (79.41%) are relatively more volatile than their Kazakh counterparts (39.45%; 62.33%). 

Thai high (62.45%) and low quality (65.67%) rice prices are more volatile than their Pakistani 

equivalents (44.98%; 58.58%). This implies that the domestic markets may be relatively less 

vulnerable, in terms of potential volatility spillover, to import wheat and flour from 

Kazakhstan, and rice from Pakistan.  

The magnitude and persistence of a shock may, inter alia, determine its potential damage 

to an economy. It is observed that the volatility persistence is quite strong in domestic market 

of wheat (0.965) followed by domestic markets of low quality rice (0.906), high quality rice 

(0.867) and flour (0.776). This indicates a prolonged period of uncertainty in the domestic 

markets after a shock, which may harm both consumers and producers. Given the dominance 

of wheat-bread and rice in the food consumption basket of Afghan households, the persistence 

of shocks may worsen food insecurity and poverty. Diversifying the consumption patterns of 

households may be a reasonable long-run coping strategy. Although costly for a poor country 

like Afghanistan, maintaining buffer stocks and measures such as safety-nets to protect the 

most vulnerable people may be helpful in the short-run. Such measures may help in achieving 

the public policy objective of stabilizing wheat, flour and rice markets. Moreover, the volatility 

in wheat and flour price returns has drastically declined after January 2011 (following the 

global food price spikes of 2007–2008 and 2010–2011) whereas volatility in high and low 
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quality rice price returns experienced a relatively small reduction. This indicates that price 

levels and price volatility may follow similar changing patterns.  
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Appendix 1. Description of the Data Series Used in This Study.  

Sr. 

No. 
Data Series Description Reference 

1 
Domestic wheat 

prices 
National average of the retail 

prices of wheat, flour, and high 

and low quality rice in seven 

major central provincial markets 

(Kabul, Jalalabad, Balkh, 

Kandahar, Hirat, Maimana, and 

Faizabad). 

Market Price Bulletins, 

Vulnerability Analysis and 

Mapping project of the 

World Food Program 

(WFP), Afghanistan 

2 
Domestic flour 

prices 

3 
Domestic high 

quality rice prices 

4 
Domestic low 

quality rice prices 

5 
Pakistani wheat 

prices 

National average of the retail 

wheat and flour prices across 

four (Karachi, Lahore, Multan 

and Peshawar) and five (the four 

plus Quetta) major Pakistani 

markets, respectively. The export 

(f.o.b) prices of Pakistani 

Basmati and Pakistani 25% 

broken rice.  

FAO GIEWS FPMA Tools, 

http://www.fao.org/giews/ 

foodprices/tool/public/index 

.html#/dataset/domestic 

Accessed: 

May 5th, 2017 (wheat and 

flour prices) 

April 6th, 2017 (rice prices) 

6 
Pakistani flour 

prices 

7 
Pakistani Basmati 

rice prices 

8 
Pakistani 25% 

broken rice prices 

9 
Kazakh wheat 

prices 
Wheat export (f.o.b) prices at 

Aktau port. The national average 

of 1st grade flour retail prices. 10 
Kazakh flour 

prices 

11 
Thai 100% B rice 

prices 
The export (f.o.b) prices of Thai 

100% B and Thai 25% broken 

rice at Bangkok 12 
Thai 25% broken 

rice prices 

13 
Consumer price 

indices (CPIs) 

All item CPIs of Afghanistan, 

Pakistan, Kazakhstan and 

Thailand 
International Financial 

Statistics, IMF 

http://data.imf.org 

Accessed: May 5th, 2017 14 
Exchange rates 

(ERs) 

Value of US$ in Afghanis, 

Pakistani Rupees and Kazakh 

Tenge 

Note: The price series, CPIs and ERs span from October 2006 (wheat), January 2006 (flour) 

and January 2007 (rice) to December 2016.  

 

Appendix 2. Unit Root Tests in Level and First Difference of the Wheat Price Series. 

Price Series Lags 
ADF Test 

(with constant) 

PP Test 

(with constant) 

KPSS Test 

(with constant) 

LS Test 

(Model–A) 

  Unit root tests in level 

Domestic 

Wheat 
4 -2.61 -1.51 1.29*** -3.92** 

Pakistani 

Wheat 
3 -0.97 -0.88 2.72*** -2.40 

Kazakh Wheat 2 -2.11 -1.54 1.05*** -3.07 

  Unit root tests in the first difference 

Domestic 

Wheat 
3 -4.10*** -9.12*** 0.12 -4.15** 

http://www.fao.org/
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Pakistani 

Wheat 
2 -7.00***      -12.40***  0.08 -7.01*** 

Kazakh Wheat 1 -5.68*** -6.20*** 0.24 -6.01*** 

Critical 

Values 

1% *** -3.49 -3.48 0.74 -4.24 

5% ** -2.89 -2.88 0.46 -3.57 

10% * -2.58 -2.58 0.35 -3.21 

Note: The critical values of LS test are for a single structural break as reported in Lee–

Strazicich (2013). 

 

Appendix 3. Unit Root Tests in Level and First Difference of the Flour Price Series. 

Price Series Lags 
ADF Test 

(with constant) 

PP Test 

(with constant) 

KPSS Test 

(with constant) 

LS Test 

(Model–A) 

  Unit root tests in level 

Domestic Flour 4 -2.47 -1.65 0.91*** -3.68** 

Pakistani Flour 5 -0.14 -0.65 2.01*** -1.83 

Kazakh Flour 2 -0.49  0.16 3.17*** -2.55 

  Unit root tests in the first difference 

Domestic Flour 3 -4.10*** -9.12*** 0.12 -4.15** 

Pakistani Flour 4 -7.00*** -12.40*** 0.08 -7.01*** 

Kazakh Flour 1 -5.68*** -6.20*** 0.24 -6.01*** 

Critical 

Values 

1% *** -3.48 -3.48 0.74 -4.24 

5% ** -2.88 -2.88 0.46 -3.57 

10% * -2.58 -2.58 0.35 -3.21 

Note: The critical values of LS test are for a single structural break as reported in Lee–

Strazicich (2013). 

 

Appendix 4. Unit Root Tests in Level and First Difference of the Rice Price Series. 

Price Series Lags 

ADF Test 

(with 

constant) 

PP Test 

(with constant) 

KPSS Test 

(with constant) 

LS Test 

(Model–A) 

Unit root tests in level 

Domestic 

Prices of HQR 
2 -1.03 -1.30 1.93*** -1.43 

Pakistani 

Prices of HQR 
3 -0.94 -1.25 1.80*** -2.21 

Thai Prices of 

HQR 
2 -2.12 -1.83 1.44*** -2.44 

Pakistani 

Prices of LQR 
1 -0.52 -0.37 4.28*** -1.59 

Domestic 

Prices of LQR  
2 -1.27 -1.03 3.36*** -3.04 

Thai Prices of 

LQR 
2 -2.56 -2.08 1.05*** -2.74 

Unit root tests in the first difference 

Domestic 

Prices of HQR 
1 -5.66*** -7.83*** 0.770** -4.25*** 
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Pakistani 

Prices of HQR 
2 -7.37*** -8.32*** 0.088 -6.93*** 

Thai Prices of 

HQR 
1 -6.31*** -6.38*** 0.227 -6.32*** 

Pakistani 

Prices of LQR 
0 -8.34*** -8.42*** 0.429* -8.69*** 

Domestic 

Prices of LQR  
2 -5.47*** -6.25*** 0.084 -6.28*** 

Thai Prices of 

LQR 
1 -5.82*** -6.17*** 0.203 -6.24*** 

Critical 

Values 

1% *** -3.49 -3.49 0.739 -4.24 

5% ** -2.89 -2.89 0.463 -3.57 

10% * -2.58 -2.58 0.347 -3.21 

Note: The critical values of LS test are for a single structural break as reported in Lee–

Strazicich (2013) 

 

1 The unconditional or realized volatility is estimated based on the observed price movements, which 

makes it a backward-looking measure of price volatility. Market participants and policy makers are more 

interested in future price trends and the level of uncertainty associated with them (Prakash, 2011; Sarris, 

2013). Hence, the conditional volatility of the price series is also examined in this paper using GARCH 

models, which provide an estimate of the uncertainty associated with future price movements, i.e., 

conditional variance of future prices, based on observed prices (Sarris, 2013). Such models are 

appropriate to predict future volatility, if changes in price series are not constant over time, i.e., they 

persist or cluster (Prakash, 2011).  
2 The volatility spillover between domestic markets and supplier countries can be better estimated using 

the Multivariate GARCH (MGARCH) models. It is outside the scope of this paper and may be considered 

in future research works, however.  

                                                      


