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Rice price volatility and transmission:
implications for food security in Ghana

Edward Ebo Onumah'*, Prince Addey Owusu’, Akwasi Mensah-Bonsu® and
Henry Acquah Degraft?

Abstract: This paper examines price volatility and transmission of rice markets in
Ghana and draws implications for food security. Using monthly rice price data from
2013 to 2019, the paper uses the Autoregressive Distributed Lag (ARDL) with an
Error Correction Model (ECM) to ascertain the availability and accessibility of rice,
whilst the Generalized Autoregressive Conditional Heteroskedasticity (GARCH)
model is considered to measure the stability of the commodity. The paper finds
evidence of cointegration between the World and Ghana’s rice market. Findings
confirm cointegration in Ghana’s regional markets for both imported and domes-
tically produced rice. This ensures stable long-run relationship, allowing trade flows
that guarantees rice availability. The corrections in short-run deviations of price
ensure continuous accessibility of rice in the country. Estimates from the volatility
model suggest high fluctuation in prices, implying that stability in the prices of rice
is an issue across all regional markets. The paper recommends efforts in increasing
domestic production to enhance availability and accessibility of rice. Stakeholders
along the rice value chain should be encouraged to invest in competitive rice
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Rice is a major staple food in Ghana with
increasing consumption over the years. In devel-
oping countries like Ghana, the degree to which
markets are integrated and price transmitted to
food markets are key determinants of food
security. In markets that are not well integrated,
signals from price fluctuations may not be passed
on from areas with food scarcity to food surplus
areas, hence resulting in prices becoming
increasingly unstable which might affect consu-
mers’ ability to purchase and have access to food.
Using monthly rice price data from 2013 to 2019,
the study results provide insight into the level of
integration and transmission in the various mar-
kets for rice in safeguarding availability, accessi-
bility, and stability to ensure food security in
Ghana.
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production. Government should leverage rice prices with giant import countries to
reduce the cost of importation for stable price on the market.

Subjects: Agriculture & Environmental Sciences; Mathematical Modeling; Economics

Keywords: Price transmission; market integration; volatility; food security

1. Introduction

Global markets for food commodities have been highly vulnerable and volatile since 2007 (Braha
et al,, 2015). Several casual factors explained the advent of high food prices. Some authors have
classified the short- and long-term drivers of price volatility and transmission as rising demand
from emerging economies, financial speculation, increased use of biofuels, and falling investments
in agriculture (Chen et al.,, 2019; McDonald, 2010; Mittal, 2009; Ruby, 2012; Wiebe et al., 2011).

Food security is influenced by the transmission and fluctuations in food prices, and the latter has
long been a recurring problem in many African countries, of which Ghana is no exception
(Hamilton et al., 2020; HLPE, 2011; Olila et al., 2016; Onyuma et al., 2006; Sousa, 2017). Oswald
Spring (2019) reported that price spikes raised the undernourished household number from about
850 million to around 1023 million globally. According to Minot (2011), as cited in Tanaka and Guo
(2020), the transmission of high world prices to the domestic markets causes erosion of the
purchasing power of consumers in developing countries since they are principal importers (pur-
chasers) of food, hence force consumers to buy (spend on) cheaper foods. In Ghana, poor house-
holds spend a greater share of their income on food (Zereyesus et al., 2017), while at the national
level, the country is faced with balance-of-payments pressure due to the higher cost of food
importation.

Rice remains Ghana’s second-largest consumed staple food, a source of household income and
livelihood along the rice value chain (Amanor-Boadu, 2012; Amikuzuno et al., 2013). The per capita
consumption of rice has grown from 17.5 kg to 48 kg in just two decades, with a current total rice
consumption of about 1.42 million MT (MMT), (Archibald & Taylor, 2020). Conversely, domestic
production accounts for about or a little over 30% of the total supply and is increasing at an
average pace. Thus, roughly only 470,000 MT of rice consumed in this country constitute total
yearly domestic production. Small scale rice farmers constitute many participants of the value-
chain actors (Addison et al., 2015; Boansi, 2013) and domestic production of rice has continued to
lag other crops due to its low cereal yield, high cost of inputs and production constraints,
difficulties in accessing credit, use of poor yielding seed varieties, inappropriate agronomic prac-
tices, limited mechanization, poor processing methods, and poor marketing strategies (Obirih-
Opareh, 2008).

Rakotoarisoa (2006) observed the rice market to be characterized by a high level of policy
distortions, with various interventions made by the Ghanaian government to achieve self-
sufficiency being a contributing factor. Also, factors such as specific types and quality of rice affect
the rice market. This is further seen in the substitution of the various domestically produced rice for
high quality (polished with a lower percentage of broken kernels) imported rice as limited by the
taste preferences of the people (Ayeduvor,). In line with the ensuing argument, firstly the question
of the rate of increase in rice demand over the past decade remains quite unanswered. Secondly,
the growth in rice demand relative to population growth or the growth of other factors needs to be
investigated.

Fluctuation in global prices for imported rice in the future may directly be felt as an outward
shock, which will aggravate the availability, accessibility, and stability of rice in the country. That is,
the increase in the price of international rice may be transferred to the domestic price in many
developing countries including Ghana leading to price hikes, whilst posing challenges to food
security. The irregular flow of global price spikes to the local price of rice does, however, require
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the transmission to be carefully characterized to properly develop price stabilization and food
safety policies. The movement of prices for rice in the country could provide insights into how
variations in one regional market can influence the price, output (quantity available), consumption,
and social welfare of the same commaodity in another regional market.

Food price stability in many African countries is indeed a very important issue, and the interac-
tion between domestic prices and imports remains far from well understood across the literature.
Although some studies (Abdulai, 2000; Abdulai et al., 2006; Armah et al., 2019; Damba et al., 2019)
have examined integration and price transmission in the cereal markets in Ghana, most of them
were focused on maize, neglecting rice, which is equally recognized as an important staple
commodity for Ghanaian people. Most of these studies also did not focus on examining volatility
or otherwise stability in price over the years. Against this backdrop, the paper examines the
relationship between the world and domestic regional markets for rice in ensuring availability of
the commodity, analyses the extent of price transmission in the domestic regional markets in
relation to accessibility of rice, and further investigates the effect of price changes on the stability
of rice in Ghana. The paper is organized as follows. Section 2 analyses rice marketing systems in
Ghana; section 3 describes the materials and methods; section 4 discus the data and time-series
properties focusing on the rice markets; section 5 reports on empirical results, whereas section 6
includes the final remarks.

2. Rice marketing system in Ghana

The marketing system of rice refers to the types of distribution channels that businesses and firms
employ in the trading of both domestically produced and imported rice. Basically, there are two
main supply chains; domestically produced rice and the imported rice marketing systems
(Amikuzuno et al., 2013). These systems are further described as indigenous distribution and
expatriate marketing channels. MoFA-IFPRI (2020) further explained that the pre-liberalization of
some Government policies and regulation have led to the involvement of several private traders in
the rice marketing system. The domestically produced rice is divided into two categories within the
various market centres: branded and unbranded rice. The large-scale domestic producers and
processors typically provide brand-named varieties with high-quality long-grain aromas compar-
able to the price and quality of imported rice brands. Some domestically produced branded rice
includes Copa, Champion, Aduanehene, and Royal Farmers (Andam et al., 2019). On the other
hand, unbranded varieties are sourced mainly from large rice production areas and sold by trade
men and women on open markets. According to Ragasa et al. (2014), niche markets are also
expanding; for example, health-conscious urban consumers are demanding more nutritious local
brown rice.

Source: MoFA (Ministry of Food and Agriculture; 2018)

Despite the steady production growth, the share of imported rice remains greater than 50%
from 2013 to 2018 (Figure 1), and an estimated 15% of imported rice is exported through Ghana to
neighbouring countries (MoFA-IFPRI, 2020). Ghana imports rice from countries, such as the United
States of America, Vietnam, China, and Thailand (Angelucci et al.,, 2019; Ayeduvor,; Hagan &
Awunyo-Vitor, 2020). Nonetheless, the inconsistency in the supply of domestically produced rice
and the taste preference of consumers makes imported rice dictates the market scene. Imported
rice from the country’s port (Accra) is temporarily stored in the warehouses of importing compa-
nies and then distributed through sedentary wholesalers to the urban and rural retailers in the
various marketing centres as depicted in (Figure 2) (Kumasi, Techiman, Tamale, and Bolgatangg;
Amanor-Boadu, 2012). The commodity may subsequently be delivered directly to final customers
or through many layers of retailing before reaching the final consumer. Traders (both wholesalers
and retailers) in various markets across the country; Accra, Kumasi, Techiman, Tamale, and
Bolgatanga trade in both local and imported rice simultaneously.
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Figure 1. Ghana’s rice supply. 1,250
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3. Materials and methods

According to Kuwornu et al. (2011), the existence of unit roots in a parameter should be
checked prior to model estimation using Dickey-Fuller tests. To circumvent spurious regressions
and their implications, the study first confirms the stationarity of the data sets. The data are
assumed to be from a white noise series data system. This means that each parameter in the
series has a zero mean and constant variance and is distributed independently and identically
(Greene, 2003). The study then uses this stochastic process to test for unit roots, as described by
Gujarati (2004) and Greene (2003). This paper employs the Autoregressive Distributed Lag
(ARDL)/bounds testing procedure to estimate the long-run and short-run relationships between
the various rice markets. This coupled with the cointegration of the various markets under
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study, the dynamic interaction among the variables of interest for easy trade of rice is estab-
lished which safeguard the availability of the commodity (Pesaran et al., 2001). There are three
distinct advantages to using this method: (i) it is able to overcome issues with order of
integration (Johansen & Juselius, 1990; Udoh et al.,, 2015), (ii) unlike many other standard
multivariate cointegration processes, which are ideal for big sample sizes, it is effective for
small sample size research (Pesaran et al., 2001; Udoh et al., 2015), and (iii) it gives accurate
long-run model parameters and a reliable t-statistic (Harris & Sollis, 2003). To test the cointe-
gration relationship between the variables to ascertain the availability of rice, the following
ARDL models are employed:

Yt = 6o + 611V + 621X + Sn1 Xe—i + Z?:lai AYy ;i + ZLNI AXi_j + Z:'(=10’2t AXi_j
+ XK yan A+ Uy (1)

Referring to equation (1), y; is a vector of prices in the five markets, X;; denotes the ith independent
variables (all markets under study), k is the maximum lag operator. In this methodology, the best
lags are chosen using the well-known Akaike Information Criterion (AIC) and the Schwarz Bayesian
Criteria (SBC). The selected ARDL model’s long-run coefficients and asymptotic standard error are
then computed. The long-run elasticity is estimated following Wilson and Chaudhri (2004). The
ECM version of the selected ARDL model can be obtained by rewriting equation (1) in terms of the
lagged levels and first difference (Pesaran & Pesaran, 1997; Udoh et al., 2015).

Ayt = —0(1,P)ECe1 + Xf 1 fioAxar + 5 Awg — Ef:i P*Yej— Xia ;;:,-;1 Py * AXip—j + Ut (2)

&, ¢ x and f; are the coefficients of the short-run dynamic adjustment of the model convergent to
equilibrium and 0(1,p) is the speed of adjustment.

Where error correction term is specified as:

ECe=y: — Xr 1 Oxi — w/'we (3)

The ECM coefficient indicates how rapidly variables converge to balance and should have
a coefficient with a statistically significant negative value.

The Generalized Autoregressive Conditional Heteroskedasticity (GARCH) as an extension from
the Autoregressive Conditional Heteroskedasticity (ARCH) model is used to establish the condi-
tional volatility of rice in the various markets under study. However, the establishment of condi-
tional volatility of the price of rice provide a measure of stability or otherwise of prices in the
various market for rice. Assuming a mean-corrected return X; = r; — u;, where r; is the return of
a series and y; as the conditional mean of X;, then the mean equation for the GARCH model for rice
markets in Ghana is written as:

Pt = ap + a1Pr1 + p; (4)
Where P; is a 5 X 1 vector of prices in the five domestic markets, ag is a 5 X 1 vector of drifts, and y;

is a 5 X 1 vector of error terms. The conditional variances (aﬁ) for which each series is generated
from the error term of the GARCH model is specified as:

h
0',_% =ay+ ET 01Xt2_1 + Zj ﬂj"?—k ©)
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Where o2 is the conditional variance from the conditional mean and «;,i=0,...,m and Bj=
0,...,h such that o; > 0 and ; > 0; >/ (a,- +ﬁj)<1, where v = max(h,m) and «; = 0 for i>m and

p; = 0 for j>m.

Equation 5 specifically demonstrates that the value of the variance of the conditional distur-
bance depends on the prior values of the shocks as well as the past values. So, the simplest GARCH
model with h =1 and m = 1 is GARCH (1,1) and a simple parsimonious GARCH (1,1) model can be
represented as:

of = a0+ a1Xi 1 + 1ot 4 (6)
An advantage of using the GARCH specification is its ability to fully capture the thick tail returns
and volatility clustering. However, some restrictions are imposed on the model to avoid the
negativity of the coefficients of the squared innovations and the squared returns. The “heavier”
tailed student t-distribution and the standard normal distribution are the two types of error
distributions considered in this analysis. The student’s t-test distribution is, however, adopted in
this study as the rice price returns are likely to exhibit heavier tailed compared to the standard
normal.

4. Data and time-series properties

Secondary data on monthly retail “imported rice” and “domestically produced rice” prices are used
for this paper. Five regional rice markets (in Figure 2, 3) are selected in conjunction with the World
market (rice) for the study; namely Accra (Greater Accra Region), Kumasi (Ashanti Region),
Techiman (Bono East Region), Tamale (Northern Region), and Bolgatanga (Upper East Region).
The various markets are selected based on data availability, levels of consumption and geogra-
phical location. A greater percentage (about 90%) of rice imported into the country is transported
to Accra and Kumasi markets for further distribution, making Accra and Kumasi markets a hub for
high volume/quantity of rice compared to other markets. Therefore, Accra and Kumasi are con-
sidered by this paper to be the reference markets for imported rice relative to other markets. Also,
in establishing the relations between the world market and Ghana, the average price of rice in the
country is used.

Regarding the domestically produced rice in Ghana, Bolgatanga and Tamale markets are used as
the reference or central markets as these areas are marked with high levels of production. This
paper uses monthly retail prices for both domestic and imported rice constituting 84 observations
from January 2013 to December 2019. This price data is accessed from the Statistics Research and
Information Directorate of the Ministry of Food and Agriculture (SRID-MOFA) and world-bank
commodity price data. Between 2013 and 2018, Vietnam was the fifth-largest producer of rice
and the second-largest exporter of rice (FAOSTAT, 2020; IFAD, 2014). Following Vietnam’s influence
on the world’s production and export of rice and the volume of rice Ghana imports from Vietnam
(about 71% of total imports) during the periods under study (Archibald & Taylor, 2019; Ayeduvor,),
the import prices from Vietnam is used as the world price in this paper. All the data on prices
obtained from SRID-MOFA are on per 5 kg of rice. Prices of imported rice used for data analysis in
the study are converted to Ghana Cedi (GH(). Hence, prices presented in this work can be inter-
preted as GH(/5 kg. Also, the data set is adjusted for inflation using the consumer price index
based in 2013. Hence, the data used for the analysis is real retail rice prices from the various
markets.

Variable definitions and their descriptive statistics are reported in Table 1. Prices for domestically
produced rice are lower than the prices of imported rice. This is because of the inability of the
Ghana rice industry to process domestically produced rice into high-quality rice (which would imply
a lower percentage of broken kernels) to command the same premium as the imported rice. Across
the imported rice markets, the highest average retail prices are recorded in Techiman and Tamale
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Figure 3. Map showing the
regional markets where the
study was conducted.
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markets (GH( 23.5 each), with its lowest in the Bolgatanga market. Following the prices of
domestically produced rice in Ghana, Techiman market recorded the lowest price of GH( 12.6
while Accra market had the highest price (GH( 17.2), see, Table 1.

The paper tested for normality in data distribution using skewness, kurtosis, and a joint chi® test.
Reading the joint test in Table 2 reveals that variables IP, Gh, AP_dms, TAP_dms, and BP_dms are
accepted as having a normal distribution. Whereas variables AP_imp, KP_imp, TAP_imp, TEP_imp,
BP_imp, KP_dms, and TEP_dms are rejected as having a normal distribution at 5% and 10%
significance level. This suggests the presence of strong volatility.

The study deployed the augmented Dickey-Fuller (ADF) test proposed by Dickey and Fuller (1979)
to examine whether real prices of rice in the various markets have unit roots. The unit root test
results on the log of real prices for both imported and domestic rice in the various market outlets
are presented in Table 3. The results show that prices are nonstationary in levels but stationary in
first differences at the 1% significance level. The results of the ADF test provide evidence of
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Table 1. Statistical description of the 2013-2019 monthly price data

Variables

Definitions

Mean

SD

Min

Max

IP

Price of rice on
the
international
market (GH
/5 kg)

7.2

2.4

14

Gh

The average
price of rice in
Ghana (GH
¢/5 kg)

18.78

4.8

10

30

AP_imp

Price of
imported rice in
Accra market
(GHG/5 kg)

6.2

12

35

KP_imp

Price of
imported rice in
Kumasi market
(GHG/5 kg)

6.2

11

35

TAP_imp

Price of
imported rice in
Tamale market
(GHC/5 kq)

7.2

36

TEP_imp

Price of
imported rice in
Techiman (GH
¢/5 k)

5.9

12

36

BP_imp

Price of
imported rice in
Bolgatanga (GH
¢/5 kg)

6.2

11

34

AP _dms

Price of
domestically
produced rice in
Accra market
(GHG/5 kg)

5.1

10

30

KP_dms

Price of
domestically
produced rice in
Kumasi market
(GHQ/5 kg)

14.5

6.4

31

TAP_dms

Price of
domestically
produced rice in
Tamale market
(GHG/5 kg)

4.0

26

TEP_dms

Price of
domestically
produced rice in
Techiman
market (GH

@/5 kg)

4.0

26

BP_dms

Price of
domestically
produced rice in
Bolgatanga
market (GH

/5 kg)

3.4

21
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Table 2. Test for normal distribution

Joint test

Variables Pr(Skewness) Pr(Kurtosis) Adj chi2(2) Prob>chi2
Log IP 0.431 0.593 0.930 0.629
Log Gh 0.102 0.403 3.48 0.175
Log AP_imp 0.026 0.364 5.560 0.062*
Log KP_imp 0.260 0.014 6.780 0.034**
Log TAP_imp 0.010 0.538 6.460 0.040**
Log TEP_imp 0.013 0.596 6.140 0.047**
Log BP_imp 0.092 0.025 7.160 0.028**
Log AP_dms 0.383 0.145 2.980 0.225
Log KP_dms 0.010 0.441 6.700 0.035**
Log TAP_dms 0.110 0.503 3.110 0.212
Log TEP_dms 0.006 0.088 9.020 0.011**
Log BP_dms 0.634 0.335 1.190 0.553

Note: (**/*) denotes significance at 5% and 10% level.

Table 3. Results of Augmented-Dickey fuller (ADF) test

First Difference
Constant and
Market Type of rice Levels Constant only trend
World Import 0.079 —10.355*** -9.066***
Ghana Domestic -1.293 —8.942*** -10.304***
Accra Import -2.188 —-10.501*** -10.438***
Domestic 0.430 —11.085*** -11.229***
Kumasi Import -2.506 -10.486*** -10.421***
Domestic 1.249 —9.956*** -10.387***
Tamale Import —-2.094 -12.899*** -12.817***
Domestic 1.180 —-12.481*** -12.963***
Techiman Import -2.22 -11.104*** —11.042%**
Domestic -0.376 —12.959*** -13.179***
Bolgatanga Import -2.017 -10.936*** -10.868***
Domestic -0.762 -10.845*** -10.808***

Rice price data (2013-2018). ***, ** * represents the significance of the coefficients at the 1%, 5%, and 10 %
significance level

stationary of all markets under study. The results suggest that all pricing series from the various
markets follow the standard assumptions for the asymptotic distribution.

A maximum lag order of 4 was chosen for the conditional ARDL ECM in the equation using AIC as
a guide (1). The study’s test for cointegration was normalization on five markets (LnGh, LnAP_imp,
LnKP_imp, LnTAP_dms and LnBP_dms as dependent variables). The F-statistic was used to test the
joint null hypothesis that the coefficients of the lagged level variables are zero (i.e., there is no
long-run relationship between them). The ARCH-LM test is used to test for ARCH effect on the
residual. This test is conducted under the null hypothesis that the residuals of the model have no
ARCH effect. The results show that the F-statistics for all the returns series are significant at a 1%
significant level. These indicate the presence of ARCH effects because the null hypothesis has been
rejected.
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Figure 4. Price trend in various
rice markets.
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Figure 4 depicts the price trends of imported and domestically produced rice in the various markets
in the given periods. The trend plots exhibited on the world market, Accra, Kumasi, Tamale, Techiman,
and Bolgatanga show a similar pattern; that is these prices generally follows a steady increase
(trending upwards) in the retail prices rice over time. Each market begins with prices being at their
lowest for the start of January 2013 and gradually rising and falling. This can be associated with an
increase in demand due to an increase in taste, income, and population over the years.

5. Empirical results
5.1. The extent of price transmission in ensuring availability and accessibility of rice

5.1.1. A cointegration results

Table 4 presents the results of the test of cointegration between the various rice markets. This
includes the calculated F-statistics for each ARDL OLS regression equation. The calculated
F-statistic of 14.469 for model 1 exceeds the upper bound critical value of 7.84 at the 1% level.
Thus, the null hypothesis of no cointegration is rejected, implying that prices of rice on the world

Table 4. Tests for cointegration between rice markets

Dependent critical upper

variables ARDL model F Statistics value Decision
LnGh (model 1) (1,0) 14.469 7.84 Cointegrated
LnAP_imp (model 2) (1,0,0, 1, 0) 20.961 5.06 Cointegrated
LnKP_imp (model 3) (3,0, 2, 4,0) 7.190 5.06 Cointegrated
LnTAP_dms (2,0,0,0,0) 3.920 3.52 Cointegrated
(model 4)

LnBP_dms (1,0, 0,0, 0) 3.412 3.52 Inconclusive
(model 5)
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market and Ghana have a long-run cointegration relationship. This corroborates with the findings
of Amanor-Boadu (2012) who found that the rice market in Ghana is not independent of the world
market. In a similar study, Conforti (2004) found higher transmission between the world and
domestic markets in Latin America.

About the Accra market against the other markets for imported rice, Table 4 shows that the null
hypothesis of no cointegration is again rejected, as the calculated F-statistic of 20.961 is greater
than the upper bound critical value 5.06 at the 1% level.

In Table 4, the calculated F-statistic 7.190 is greater than the upper-bound critical value 5.06,
indicating that there is a long-run relationship between the variables when prices in the Kumasi
market are used as the dependent variable. This shows a long-run cointegration relationship
among the Kumasi and other regional markets for imported rice. In the case of domestically
produced rice, using the Tamale market as the dependent variable, the calculated F-statistic 3.92 is
greater than the upper bound critical value 3.52, indicating the existence of a long-run relationship
between the variables. Finally, the calculated F-statistic 3.412 when Bolgatanga market prices
were used is greater than the lower bound critical value of 2.43 but less than the upper bound of
3.52. As a result, no decision could be made about the long-term relationship between the
variables. The evidence of cointegration in markets ensures the existence of good price signal
transmission through marketing channels, thereby ensuring efficient trade flows (Ghosh, 2000).
Therefore, cointegration among regional markets for rice in Ghana iterates availability, whereby
the various markets adjust to remove any glut and shortage. Table 5 summarizes the long-run
results obtained by normalizing the five dependent variables.

5.1.2. The long-run impact of price

This section presents the results on the long-run impact of price on trade flows of rice between the
world and Ghana and within Ghana’s regional markets to guarantee the availability of the
commodity. The estimated coefficients of the long-run relationship show that world price has
a very significant impact on the price of rice in Ghana (Table 5). The associated coefficient is
positive and statistically significant. This result implies that the past trend of world price has an
adverse impact (increases) on the current price of rice in the Ghanaian regional market. A 1%
increase in world prices may lead to a 1.17% increase in prices in Ghana. Results examining the
long-run relationship in the regional markets in Ghana showed that a 1% increase in prices of
imported rice in Kumasi, Tamale, and Techiman will lead to a 0.33%, 0.51%, and 0.36% increase in
the price of imported rice in Accra. Likewise, a 1% increase in the price of imported rice in the
Bolgatanga and Accra market lead to a 0.52% and 1.3% increase in the price of imported rice in

Table 5. Estimated long-run coefficients using the ARDL approach

Regressors Model 1 Model 2 Model 3 Model 4 Model 5
LnIP 1172+

In_KP_AI 0361
In_TAP_AI L 0331 -0.077
In_TEP_AI 0.514** ~1.148***
In_BP_AI -0.113 0.517*
LnAP_imp ' 1,292+
In_AP_LA 0.007 0.297*
In_KP_LA 0.433* -.230*
In_TEP_LA 0.107 -.062
In BP LA 0355
In_TAP_LA ' 0.926*

*** **and * 1% 5% and 10% significant levels respectively
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Kumasi. It is important to note that a unit increase in the price of imported rice in markets other
than Accra has a lower impact on the price change as compared to an increase in the price of the
same commodity in Accra in other markets. However, a price increase in the Techiman market has
a negative effect on the price of rice in the Kumasi market. Here, a 1% increase in the price of
imported rice in the Techiman market leads to a 1.15% fall in price in the Kumasi market. Based on
the ensuing discussion, the existence of a long-run relationship in the rice markets guarantees
trade flows between the world and Ghana and within Ghana’s regional markets, hence the
availability of the commodity on the market.

The long-run relation in the regional markets for domestically produced rice is represented in
models 4 & 5. The result shows that a 1% increase in the price of domestically produced rice in
the Kumasi market leads to an increase in the price of the same commodity in Tamale market
by 0.43% whereas a 1% increase in the price of rice in Kumasi market leads to a 0.2%
reduction in price of rice in Bolgatanga market. Domestic production of rice in Bolgatanga is
very high and so an increase in price in other markets signals an increase in production in
Bolgatanga and hence the reduction in price. On the other hand, as seen in the results of
model 5, a 1% increase in price of domestically produced rice in Tamale leads to a 0.9%
increase in price of rice in Bolgatanga. Also, an increase in the price of domestically produced
rice in Accra leads to a 0.3% increase in the price of rice in Bolgatanga market. See, Table 5.
Since there exists a long-run relationship in the market for domestically produced rice, it allows
the movement of the commodity from one market to another. This should safeguard the
availability of domestically produced rice in the regional markets under study.

5.1.3. Short-run relationship and error correction model

In line with Banerjee et al. (1998) and Pahlavani et al. (2005), the highly significant error
correction term in Table 6 confirms the existence of a stable long-run relationship. It reflects
the existence of a co-integration relationship already demonstrated by the earlier methods
applied in this research. The ECM (-1) coefficients are (—0.38), (-0.72), (-0.39), (-0.46), and
(-0.33) for models 1, 2, 3, 4, and 5, respectively, implying that the deviation from long-term
price is corrected by 38 percent, 72 percent, 39 percent, 46 percent, and 33 percent in models
1, 2, 3, 4, and 5, respectively. In other words, the highly significant error correction term implies
that for all models, the above-reported percentages of disequilibrium in the previous months

Table 6. Estimated coefficients of the short-run error correction

Model 1 Model 2 Model 3 Model & Model 5
Regressors DLnIP DLnAP_imp DLnKP_imp = DLnTAP_dms | ALnAP_dms
EC (-1) —.376%** —=.720%** —.387** v —-0.464*** -0.326***
DLnKP_AIL(-1) 0.065
DLNKP_AI(-2) -.189*
DLn TAP_AL -.029
DLn TAP_AI(-1) -.196***
DLn TEP_AI 0.028
DLn TEP_AI(-1) 0.127
DLn TEP_AI(-2) 0.058
DLn TEP_AI(-3) 0.202***
A(Ln BP_AI) 0.068*
DLn TAP_LA(-1) -0.196*
_cons —.549%** -0.320** 0.517** .110%** 0.044***
Thatf 1.54 0.55 1.42 1.11 1.76

***,** and * 1% 5% and 10% significant levels respectively
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are corrected in the current month. The speed of adjustment indicates the rapidity to which
deviations in price is corrected to ensure continuous access to rice. Following the results in
Table 6, the deviations in the price of rice across the various markets which affect the
purchasing power of consumers are corrected within two months. That is, in the short run,
errors that cause a reduction in consumers’ purchasing ability thereby reducing accessibility to
rice are corrected within two months.

5.1.4. Volatility in the various markets

From the ARCH—GARCH (1,1) estimated model, Table 7 presents the results of the conditional
volatility as a measure of the stability of rice prices for the various markets. Since the positive
limitation for the GARCH model is met, we are sure to state that the ARCH-GARCH model (1, 1)
estimated is adequate. There are significant GARCH effects (B) for Accra, Bolgatanga, Tamale, and
the World markets of the imported rice. The ARCH effect (o) parameters are significant for Accra
and Tamale. Likewise, in the domestically produced rice markets, the GARCH effects (B) is sig-
nificant for all the regional markets. On the other hand, the ARCH effect (o) is significant for all but
not for the Accra market.

The value of the GARCH effect of World price is statistically significant, demonstrating that
a higher variance in the world market for rice dampens market activity for the commodity. From
the coefficient of 8, a 1% increase in past period variance may result in a 0.72% increase in present
volatility. This is consistent with Moffitt and Zhang (2020) hypothesizes that “volatility in the
current time is related to its value in the previous period”. The price of imported rice in the various
regional markets (Accra, Tamale, and Bolgatanga) shows that previous period variance increases
current spikes by 0.98%, 0.35%, and 0.76%, respectively. On the other hand, the influence of past
period volatility (a) on the current price for imported rice in Accra and Tamale markets is seen as
0.083 and 0.53. From the results, an increase in the price of rice at the global level is also
consistent with rising rice price in Ghana’s regional markets, which has shown an increasing
trend in recent years and a tendency to decline with difficulty. The same condition exists in
other countries around the world (FAO, 2008; Fukase & Martin, 2020) because controlling price
reduction is difficult.

A similar pattern can be seen in domestically produced rice markets. The coefficient of the a is
positive and statistically significant indicating that an increased past period volatility of Tamale,
Techiman, and Bolgatanga market prices may lead to a 0.52%, 0.28%, and 27% increase in the
present period volatility in these regional markets. On the other hand, past period volatility in
Kumasi market price leads to a decrease in present period volatility by 0.25%. Also, the coefficient
of B for domestically produced rice reveals that a 1% increase in past period variance may result in
a 0.90%, 0.4%, 0.71%, 0.63%, and 1.19% increase in present volatility in Accra, Tamale, Techiman,
Bolgatanga, and Kumasi regional markets.

Table 7. Estimates of the ARCH-GARCH (1,1) model

World Accra Tamale Techiman | Bolgatanga Kumasi
Market Market Market Market Market Market
Imported rice
A -.0001 -.083* .530%** 243 -.085 .019
B 722** .983*** .351%* 494 T64* .816
Domestically produced rice
A -.054 522+ .289%+* 2727 -.250%**
B .904*** .399%+* 140 629 1.191**

% ** % represents the significance of the coefficients at the 1%, 5%, and 10% significance level
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Table 8. Results of conditional volatility

Domestically produced rice

Market Price Imported rice (mean) (mean)

World 24.4 _

Accra 25.8 22.1

Kumasi 27.6 29.8

Tamale 29.5 20.4

Techiman ' 25.1 21.7

Bolgatanga 26.1 22.8

The conditional volatility in the imported rice market, is estimated to be 24.4%, 25.8%, 27.6%,
29.5%, 25.1%, and 26.1% for imported rice (Table 8). On the other hand, conditional volatility for
domestically produced rice is lower. It ranged from 20.4% in Tamale, 21.7% in Techiman, 22.1% in
Accra, 22.8% in Bolgatanga, to 29% in the Kumasi market.

The findings are significant in Ghana because food security is frequently linked to the stability of
staple foods in the country. Ghana'’s population is growing (Bellemare, 2015; Kaba, 2020), and will
undoubtedly increase food demand, coupled with the number of poor people, rice price volatility
poses a threat to human sustainability. In line with Putra et al. (2021), the extreme volatility of rice
prices observed in the study over several periods in the Ghanaian regional market is an indication
of instability of prices of rice, which may result in food insecurity.

Also, the results from the estimation revealed, “volatility import” from the world market to
Ghana’s regional market. This affirms the assertion that price increases are passed on to con-
sumers. As seen by many scholars, for instance, Ivanic and Martin (2008), De Hoyos and Medvedev
(2011), Ivanic et al. (2012), Wodon and Zaman (2008), and Jacoby and Janger (2013), the passing
of such prices (increase) to consumers’ increases food insecurity level since most of these con-
sumers spend a large portion of their incomes on food. We found price volatility for imported rice
to be higher compared to domestically produced rice. This result suggests a significant upward
pressure on imported rice and therefore may mean substitution of imported rice for domestically
produced rice thereby resulting in upward demand for domestically produced rice.

6. Conclusion

This paper provides insight into the relationship between various markets for imported and
domestically produced rice in ensuring the availability of the commodity. It further analyses the
extent of price transmission in the domestic regional markets in relation to the accessibility of
rice, and the effect of price changes on the stability of rice in Ghana. The study concludes that the
world market and domestic markets are strongly co-integrated, allowing trade flows and ensur-
ing the availability of rice in Ghana. There is a good transmission mechanism in the domestic
markets for rice guaranteeing a well-integrated market with a stable long-run relationship
thereby eliminating arbitrage in the marketing of rice. The strong price transmission is a result
of the free trade of rice in Ghana and no substantial government interventions in the local
market. It reiterates the accessibility of rice in various regional markets. The paper identifies
high fluctuation in prices, implying that prices of both imported and domestically produced rice
are not stable across all markets. The findings demonstrate a negative influence on the stability
of imported rice for consumers as it reduces the purchasing power of consumers leading to food
insecurity.

Based on the conclusions, the paper recommends that efforts should be made to ensure a more

self-sufficiency in rice by increasing internal production of rice across the country, thereby safe-
guarding the availability and stability of rice. Stakeholders such as input suppliers, processors,
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traders, and support services along the local rice value chain should prioritise investment in the
sector to boost production to reduce the high demand for imported rice. This can be achieved by
building better infrastructure (processing plants, transportation system, warehouses, and market)
to ensure better trading (accessibility) of rice among the various regional markets. Also, the
government should leverage prices with giant import countries to reduce the cost of importation
of rice thereby enhancing stability in the price of imported rice.
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