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Abstract: To maintain a sustainable market for major non-cereal crops in Bangladesh, the present
study evaluated the asymmetric effect of the key macroeconomic variables on the imported and
exported non-cereal crops. In this connection, this study evaluated the nonlinear interactions and co-
movements between the international market indicators such as the world prices, total trade amount,
and gross domestic product per capita (GDPPC) and the market prices of potato and rapeseed in
Bangladesh. Using yearly data from 1988 to 2019, we used the nonlinear autoregressive distributed
lag (NARDL) model to investigate both short- and long-term market dynamics concerning the
positive and negative shocks in the macroeconomic variables on imported and exported non-cereal
crops. First, the study identifies that during the period investigated, the world potato and rapeseed
prices led to an increase in the Bangladesh potato and rapeseed prices when they are increasing.
Second, we find that the changes in the trade volume only have an influence on the potato price, both
in the long-run and short-run. Finally, our findings revealed that domestic rapeseed prices tend to
decrease when the GDPPC increases. Our empirical findings imply that it is important for market
participants of potato and rapeseed in Bangladesh to take into consideration the sensitivity of the
above-mentioned variables when designing resource allocation decisions in the event of positive and
negative effects.

Keywords: asymmetric price effect; potato; rapeseed; export; import; NARDL

1. Introduction

Agriculture has always been an important part of the Bangladeshi economy, since it is
difficult to feed its population. Because of the economically developing country’s location
near the Himalayas and the Bay of Bengal, Bangladesh is one of the world’s most climate-
sensitive nations [1]. Bangladesh has developed and updated its national agriculture policy
(NAP) to ensure food security and improve socioeconomic conditions through increased
productivity and crop diversification, ensuring nutritious and safe food production and
improving the marketing system [2,3]. In recent years, the agriculture sector has been
improving steadily as a result of supportive policies [4]. Likewise, Bangladesh retains its
top spot in terms of agriculture output, producing large quantities of rice, wheat, cotton,
meat, poultry, eggs, and fish.

Since Bangladesh is a rice-eating nation, rice dominates agricultural research and is
given a great deal of attention over other crops. Bangladesh has already attained food secu-
rity status, although nutritional security remains questionable [5]. According to estimates,
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more than 20 million people in Bangladesh are adversely affected by chronic vitamin A,
iron, and zinc deficiencies, which more strongly affect pregnant women and infants [6].
However, the changing climate is having an adverse effect on food and nutritional secu-
rity in Bangladesh [7]. It has been predicted that by the end of the century, major crop
production in Bangladesh might decline by 30% because of the negative consequences
of climate change [8]. In most cases, proper attention and policy formulations for cereal
production and its pricing structure have been taken into consideration [9,10]. However,
the pricing policies of major non-cereals, considering international market dynamics, are
always ignored. Furthermore, there are still many opportunities and ways to improve the
pricing policies for major non-cereals through upgrading and modifying existing policies
that will lead to achieving sustainable development goals (SDGs).

However, among major non-cereal crops, potato and rapeseed cover almost 3% of
the total cultivated area of Bangladesh and have a great impact on food and nutritional
security [11]. Potatoes constitute the second-largest crop in terms of cultivated area (after
rice). It is a year-round crop and provides as many as 6% of the daily per-capita calories
and protein consumed in rural areas because of its abundant supply. It is regarded as a
partial substitute in many households in Bangladesh [12,13].

On the other hand, among other oilseeds, rapeseed is regarded as an energy-smart
food crop, and its productivity and supply capability are mostly influenced by different
market forces, though it is naturally adapted to more dry and humid climate conditions [14].
According to the United Nations Food and Agriculture Organization, potatoes are regarded
as a vital food-security crop and a substitute for cereal crops due to their high yields and
nutritional value, whereas rapeseed is regarded as an energy-smart food crop that has both
human health and environmental benefits. In addition to its role as a biofuel, rapeseed oil
also plays an important role as a renewable energy source. Between these two crops, the
volume of potato production is much higher than rapeseed [15] due to the introduction of
modern high-yielding varieties (HYV) of potatoes after 2001. Moreover, in terms of trade
volume (both export and import), potato is an exported product, while rapeseed is a foreign
and imported product. Therefore, the farm prices of potato and rapeseed might have been
affected differently by the world markets.

The impact of macroeconomic variables on agricultural productivity and markets has
been investigated in many previous kinds of literature [16–18]. There has never been a
thorough investigation of market forces in the process of price variations from the global
to the domestic markets in Bangladesh. Bangladesh is a small economy where domestic
prices of imported goods closely follow world prices. According to recent experiences in
the global market for some commodities, importers in Bangladesh usually increase the
price with the changes in the global market, but they do not decrease the price as quickly
when prices in the global market decline. As a result, there seems to be a perception in the
country that traders are conspiring to take unfair advantage of the market. Therefore, we
assume that world prices might influence the domestic prices of imported and exported
commodities distinctly.

Moreover, developing countries, whose principal means of pricing strategies depend
on the exports and imports (trade volume) of agricultural products, are plagued by unstable
market prices, which create macroeconomic instabilities and complicate macroeconomic
management. Therefore, major non-cereals (such as potato and rapeseed) net importing
countries should be considered the traded volume for a sustainable pricing policy along
with the international pricing of tradeable items. Hence, we hypothesize that the total
trade amount of any particular commodity might have effects on farm prices. Finally,
agricultural commodity prices in a market economy are also influenced by the trend of per
capita income.

In this study, the potential international market indicators were investigated to test
their effects on market prices for imported and exported non-cereal crops in Bangladesh.
Through this study, we make a modest attempt to fill this gap in the literature by considering
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the potato and rapeseed oil market price fluctuations by integrating international market
indicators for Bangladesh.

This paper is organized as follows: Section 2 includes the details of previous research
and the research gap. Section 3 describes the materials and methods of the study. Section 4
shows the estimated results with different tests. Section 5 provides the discussion of the
study. Section 6 presents the conclusions and policy implications.

2. Previous Research

Some prior studies have been conducted and found that significant decreases in the
per capita income of residents have negative implications for the market prices of major
commodities [19,20]. Besides, different functional relationships, including price linkage
functions, import–export-oriented functions, etc., were examined through the supply and
demand approach, which also highlights that world prices, trade, and GDP per capita
(GDPPC) influence the equilibrium market prices of different crops [21–25].

However, due to the insufficient and inappropriate pricing policies for potatoes and
rapeseed, there have been significant losses associated with the domestic production of
potatoes and rapeseed [26,27]. So, an appropriate trading and pricing policy for the potato
and rapeseed markets should be explored for identifying the price risks and managing
sustainable market dynamics for a developing economy such as Bangladesh, where fluctu-
ations in market prices of major non-cereals are the topmost concern [23].

To date, numerous studies have investigated the potato marketing systems [28], and
the demand, supply, and price hikes of potatoes and rapeseed [29,30]. Some research high-
lights the economic impacts of rapeseed [31], the impact of trade liberalization, and world
price changes in Bangladesh [32]. Besides, a few researchers focused on rice pricing and
farm wage policies by using the ARDL model [33], analyzing the effects of increasing world
food prices [34], price transmission between world food prices and different consumer food
prices [35], and food price volatility and economic shocks [36–39].

However, up until today, no study had explored the effect of the international market
indicators on the import and export of non-cereal crops in Bangladesh in particular and
globally in general. Therefore, the motivation of this research was to test the effects of these
international indicators on domestic market prices of imported and exported non-cereal
crops.

3. Materials and Methods

To know the effects of the changes in world prices and associated variables linked to
the market dynamics on the Bangladesh potato and rapeseed market prices, we applied
the nonlinear autoregressive distributed lag (NARDL) technique based on autoregressive
distributed lag models (ARDL). A method developed by Pesaran et al. (2001) enables us
to test whether a long-term or level relationship exists [40]. Due to its better statistical
properties, this method is better suited to small samples to determine the positive and
negative shock variables. Additionally, using its asymmetric extension, proposed by Shin
et al. (2014), we can test whether there is an asymmetry in either the short-run or long-
run [41]. The only study by Delatte and López-Villavicencio (2011) that found asymmetric
effects used ARDL models, but it focused on inflation rather than export- and import-
oriented prices [42].

To use the ARDL model, the endogenous variables in the model must be either
integrated to order zero or one. To test this, we initially performed stationarity tests on farm
prices (USD/MT), trade-in metric tons (MT) of potato and rapeseed, and the GDP per capita
(GDPPC) of Bangladesh that were transformed into constant international dollars (base
2015), followed by purchasing power parity (PPP) rates, and world prices (USD/MT) of
potato (Netherlands) and rapeseed (Canada). The data for the included variables (average
annual value) have been obtained from the Food and Agricultural Organization statistical
database (FAOSTAT) online database for the period 1988 to 2019. Figure 1 illustrates the
steps followed to perform the NARDL model for this study.
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Figure 1. Overview of the steps of the NARDL model.

To identify the level of integration of the test variables, we performed the Augmented
Dickey−Fuller (ADF), Phillips–Perron (PP), and the Kwiatkowski–Phillips–Schmidt–Shin
(KPSS) unit root tests [43–45]. The unit root tests suggest that the other variables are also
either integrated of order zero or one, suggesting that all our test variables satisfy the
precondition of the ARDL model. Table 1 illustrates the results of these tests.

Table 1. Unit root tests.

Variables
Levels First Differences

ADF PP KPSS ADF PP KPSS

Potato
FP −3.376 * −3.245 * 0.111 −5.395 *** −15.280 *** 0.500 ***
WP −2.762 −4.149 ** 0.129 ** −5.903 ** −4.370 *** 0.178 **

TRD −3.850 ** −3.782 ** 0.103 −4.906 *** −16.847 *** 0.151 **
GDPPC 4.0829 4.083 0.198 −3.306 * −3.265 * 0.182 **

Rapeseed
FP −1.8020 −1.768 0.159 ** −5.162 *** −5.148 *** 0.089
WP −3.3837 * −1.935 0.079 −4.544 *** −5.428 *** 0.376 ***

TRD −4.2221 ** −3.217 * 0.103 −4.809 *** −7.243 *** 0.236 ***
Note: all the unit root tests include both a constant and a linear trend. ***, **, and * denote significance at 1%, 5%,
and 10% levels, respectively. Farm price = FP, world price = WP, GDP per capita = GDPPC, trade = TRD.

The basic model of this study was developed by Ogundipe et al. (2019), who analyzed
the macroeconomic impact of agricultural commodity price volatility [46]. In this equation,
the changes in variables (world price, trade, and GDPPC) are used as a variable to examine
the effects of the domestic price of major non-cereals, while Ogundipe et al. (2019) used the
macroeconomic variables (GDP, export, import, government expenditure, and inflation,
etc.) to investigate the impact of agricultural commodity price volatility [46]. Moreover, in



Agriculture 2022, 12, 833 5 of 16

market dynamics mechanisms, previous studies showed that the equilibrium farm price of
agricultural crops is influenced by the aforementioned variables [23,24].

To find the relation between farm prices of potato and rapeseed with a set of the most
influential macro indicators, namely, world price, trade quantity, and GDPPC, the following
ARDL model was constructed in the following form:

FPt = α0 + α1WPt + α2TRDt + α3GDPPCt + εt (1)

where FP t is indicating farm prices of potato and rapeseed in USD MT−1 within the time
frame t (1988–2019). WPt and TRDt denote world price (USD/MT) and total trade (MT) of
potato and rapeseed, respectively. GDPPCt indicates GDPt per capita where the real GDP
is divided by the total population of Bangladesh. α0, α1, α2, and α3 are the coefficients of
variables.

The study used the Akaike information criterion (AIC) for choosing the lag length.
After finding the long run association existing between variables, the study used the
conditional error correction model (ECM) to find the short-run and long-run dynamics.
The ECM general form of Equation (1) is formulated below in Equation (2):

∆FPt = α0 + α1FP(t−1) + α2WP(t−1) + α3TRD(t−1) + α4GDPPCt−1+

∑n1
i−1 α5∆FP(t−1) + ∑n2

i−0 α6∆WP(t−1) + ∑n3
i−0 α7∆TRD(t−1)+

∑n4
i−0 α8∆GDPPCt−1 + λet−1 + εt

(2)

where ∆ is the first difference operator. If the empirical findings reported a cointegration
relationship among the variables (FP, WP, TRD, and GDPPC), the short-run dynamic
would be adjusted through error correction “λet−1” movement. Besides, the coefficient
sign of λet−1 is assumed to be negative and significant to achieve long-run equilibrium if
devaluations exist in the model. Based on this equation, the ARDL cointegration test, which
is also known as the bounds test, was conducted. For the two variables of our interest to be
cointegrated, the F-test statistic computed from the equation must be higher than both the
lower- and upper-bound critical values provided in Pesaran et al. (2001) [40]. EViews 12
was used to run the ARDL model.

Based on Equation (2), the NARDL model was applied to estimate the relationship
presented in Equation (1). For applying the NARDL, we decomposed all explanatory
variables into positive and negative shocks and the variations of WPc,t, TRDc,t, and
GDPPCt into positive and negative partial sums, which are as follows:

WP+
t = ∑t

i−1 ∆WP+
i = ∑t

i−1 max(∆WPi, 0) (3)

WP−
t = ∑t

i−1 ∆WP−
i = ∑t

i−1 min(∆WPi, 0) (4)

TRD+
t = ∑t

i−1 ∆TRD+
i = ∑t

i−1 max(∆TRDi, 0) (5)

TRD−
t = ∑t

i−1 ∆TRD−
i = ∑t

i−1 min(∆TRDi, 0) (6)

GDPPC+
t = ∑t

i−1 ∆GDPPC+
i = ∑t

i−1 max(∆GDPPCi, 0) (7)

GDPPC−
t = ∑t

i−1 ∆GDPPC−
i = ∑t

i−1 min(∆GDPPCi, 0) (8)

The WPt, TRDt, and GDPPCt are decomposed into positive and negative shocks, for
example, WP+

i and WP−
i . This shows that a one-unit increase in the independent variables

leads to an increase (positive shocks) and a decrease (negative shock) in the dependent
variables. Granger (1983) suggests that if cointegration exists between two-time series
variables (i.e., positive and negative), they are in the form of hidden cointegration and have
a linear form of cointegration, which is a special case of hidden cointegration [47]. Thus,
the linear cointegration is converted to nonlinear cointegration. We can use the bound test
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suggested by Pesaran et al. (2001) [40] to test the asymmetric relationship between the
following equations:

∆FPt = α0 + α1FP(t−1) + α2WP+
(t−1) + α3WP−

(t−1) + α4TRD+
(t−1)+

α5TRD−
(t−1) + α6GDPPC+

(t−1) + α7GDPPC−
(t−1) + ∑n1

i−1 α8∆FP(t−1)+

∑n2
i−0(δ

+
i ∆WP+

(t−1) + δ−i ∆WP−
(t−1)) + ∑n3

i−0(γ
+
i ∆TRD+

(t−1)+

γ−
i ∆TRD−

(t−1)) + ∑n4
i−0(τ

+
i ∆GDPPC+

(t−1) + τ−
i ∆GDPPC−

(t−1)) + εt

(9)

4. Results

Market prices continually respond to multiple influences, especially for agricultural
commodities. In addition, markets are dynamic and quickly adjust to new realities and
competitiveness. According to price determination models, changes in supply and demand
conditions in one market will impact trade and prices in other markets through spatial
arbitrage [48–50]. We estimated the ARDL model to investigate if the world price changes,
along with the total import quantity and GDP per capita of Bangladesh, have an impact
on potato and rapeseed market prices. Table 2 illustrates the descriptive statistics of our
modeled variables using yearly average data. Moreover, a graphical representation of our
modeled variables is presented in Figure 2. Farm prices for both potato and rapeseed have
increased over the study periods (1988–2019), while world prices have fluctuated in both
cases. However, a very sharp increasing trend was observed for the GDP per capita of
Bangladesh.

Table 2. Descriptive statistics.

Statistics
Potato Rapeseed

FP
(USD/MT)

WP
USD/MT

TRD
(MT)

FP
(USD/MT)

WP
(USD/MT)

TRD
(MT)

GDPPC
(USD Per Capita)

Mean 8298.03 169.53 2,851,031 25,772.22 369.38 47,393.84 643.70
Median 7000.00 150.00 2,210,500 18,470.00 367.00 44,811.00 395.96

Maximum 17,060.00 380.00 11,556,000 48,740.00 565.00 129,000.0 1846.42
Minimum 2280.00 72.00 126,000.0 11,090.00 220.00 259.00 252.73
Std. Dev. 4375.46 83.61 2,596,944 13,623.96 106.42 30,441.95 458.87
Skewness 0.59 1.12 1.18 0.54 0.24 0.77 1.27
Kurtosis 1.88 3.37 4.83 1.58 1.87 3.36 3.43

Jarque-Bera 3.22 7.00 44.74 4.26 2.00 3.35 8.89
Probability 0.19 0.03 0.00 0.12 0.37 0.19 0.01

Observations 32 32 32 32 32 32 32

To test for cointegration relationships among the selected variables, we conducted the
ARDL bound test (Pesaran et al. 2001) [40]. The results shown in Table 3 portray that the
F-statistics are larger than the upper bounds at the 5% significance level for both the potato
and rapeseed models. Thus, the results indicate that our selected non-cereal crop price
models have a cointegration relationship.

Next, we estimated the ARDL model to investigate the world prices and trade of
potato and rapeseed with GDPPC, which has a long-run impact on the yearly domestic
market prices of potato and rapeseed in Bangladesh. The results of the model estimations
are presented in Table 4. It is apparent from Table 4 that the world prices of potato and
rapeseed had a significant and negative relationship with domestic prices, while GDPPC
had a positive and significant association with domestic potato prices only.

Finally, Table 5 displays the results of the short-run impacts.
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Figure 2. Trends in farm prices, world prices, and total trade of (a) potato and (b) rapeseed, as well
as (c) Bangladesh GDP per capita from 1988 to 2019.
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Table 3. ARDL Bound Test.

Test Statistic Potato Rapeseed

F-statistic 4.572 ** 4.398 **
Critical value bounds (N = 32)
Significance I0 bound I1 bound
10% 2.618 3.532
5% 3.164 4.194
1% 4.428 5.816

Note: ** denotes significance at the 5% level.

Table 4. ARDL long-run estimation.

Variables
Potato Rapeseed

Coefficient t-Stat. Coefficient t-Stat.

WP −56.218 *** −2.83 −59.328 *** −2.31
TRD −0.0008 −0.44 −164.701 −0.44

GDPPC 8.306 * 2.11 0.785 0.54
Constant 16,050.350 0.98 50,932.230 0.46

Note: *** and * denote significance at the 1% and 10% levels, respectively.

Table 5. Linear ARDL model estimation.

Variables
Potato

Variables
Rapeseed

Coefficient t-Stat. Coefficient t-Stat.

Constant 6037.267 *** 3.482 Constant 6680.13 * 1.861
FP(−1) −0.376 −0.950 FP(−1) −0.131 −0.493

∆FP(−1) 0.011 0.042 ∆FP(−1) −0.334 −1.310
WP(−1) −21.146 ** −2.754 WP(−1) −7.781 −0.580

∆WP 0.538 0.130 ∆WP −8.008 −0.624
∆WP(−1) 12.097 ** 2.637 ∆WP(−1) 22.599 * 1.959
TRD (−1) −0.0003 −0.797 TRD (−1) 0.102 ** 2.487

∆TRD 0.0005 ** 2.398 ∆TRD 0.067 ** 2.740
∆GDPPC 3.124244 1.512 ∆TRD (−1) −0.051 ** −2.082

∆GDPPC 60.519 ** 2.358
GDPPC (−1) −21.601 ** −2.716

∆GDPPC (−1) 74.766 *** 3.124
Note: ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.

It is seen from the Table 5 that the domestic price of potato received a positive and
statistically significant impact from the trade based on the 5% significance level. The result
suggests that a one unit increase in total trade will lead to an increase in the farm price of
potato by 0.0005 units. On the other hand, rapeseed farm prices had positive and significant
relationships with trade and GDPPC based on the 5% significance level. Positive and
significant findings suggest that increasing the per capita income of residents will lead to
a change in the consumption behavior of respondents. Since the price of rapeseed oil is
much higher than other oilseed crops, increasing income will push us to consume more
nutritious, high-valued, and environment-friendly oil crops instead of cheap substitute
crops.

Table 6 shows the results of bounds test in the nonlinear specification. The findings
show that the F-statistics value is greater than the upper bound value at a 5% significance
level, confirming asymmetric cointegration for both the potato and rapeseed models.
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Table 6. NARDL Bound Test.

Test Statistic Potato Rapeseed

F-statistic 4.637 ** 12.174 ***
Critical value bounds (N = 32)
Significance I0 bound I1 bound
10% 2.254 3.388
5% 2.685 3.96
1% 3.713 5.326

Note: *** and ** denote significance at the 1% and 5% levels, respectively.

Then, the long run coefficients of the NARDL model were estimated, and the result of
this estimation is depicted in Table 7. The outcomes of long run NARDL estimation reveal
the asymmetric effect that the positive shock to the world price increases the domestic price
of potato by 12.64%, while both positive and negative shocks have significant coefficients
for the rapeseed model, implying that the world price of rapeseed has a direct relationship
with the domestic price.

Table 7. NARDL long-run coefficient estimation.

Variables
Potato Rapeseed

Coefficient t-Stat. Coefficient t-Stat.

Constant 3186.765 *** 5.556 15,245.81 *** 6.147
WP+ 12.645 ** 2.308 34.147 *** 3.263
WP− 7.621 1.536 −143.409 ** −2.912
TRD+ 0.0005 *** 4.050 0.047 0.967
TRD− 0.0006 *** 4.089 0.046 1.322

GDPPC+ 1.419 0.840 −21.064 −1.563
GDPPC− 70.925 0.569 303.537 *** 3.384

Note: ***, and ** denote significance at the 1%, and 5% levels, respectively.

Similarly, positive and negative shocks to total trade increase the domestic market
price of potato by 0.0005 and 0.0006 USD/MT at the 1% significance level, respectively. This
implies that total trade amount movements could significantly affect the Bangladesh potato
market in the long-run, while there are no significant shocks found for the rapeseed model.
This might be due to the nature of commodities. Potato is a highly produced domestic and
exported product, while rapeseed is a foreign and imported product, since the descriptive
statistics table reveals the smaller trade amount for rapeseed than potato (Table 2).

Besides, GDPPC also holds a direct relationship with the rapeseed market price,
and positive shocks in GDPPC increase the market price by 303.54% at the 10% level of
significance. This is a very positive and promising finding since the economy of Bangladesh
is progressive and GDP per capita income has been increasing significantly over the last
couple of years. So, increasing per capita income will lead to a change in the consumption
status of rapeseed oil, irrespective of soybean and other oil crops in the future. That will
bring a positive change to the environment, since rapeseed produces fewer CO2 emissions
and requires less tillage than other oil crops [51].

Finally, the results from NARDL of the short-run effects of the world price, trade, and
GDP per capita on the domestic prices of potato and rapeseed are presented in Table 8.
It is evident from the table that both the positive and negative shocks of trade increase
the domestic price of potato significantly. Since the export of potato started in 2001, it
has encouraged Bangladeshi farmers to adopt HYV that lead to higher farm prices and
greater returns [15]. These findings are similar to prior studies [52–55]. On the other
hand, the positive shocks in the world price positively impacted rapeseed market prices,
while negative shocks had negative and statistically significant associations with the farm
price of rapeseed. This result is perhaps because of the fluctuations in major exporting
countries’ market situations, international pricing policies and relations, and changes in
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tariff rates. Positive shocks (GDPPC+) have a decreasing trend in rapeseed farm prices,
while negative shocks (GDPPC−) have an increasing and statistically significant (at the 1%
level) relationship (Table 8).

Table 8. NARDL conditional error correction model estimation.

Variables
Potato

Variables
Rapeseed

Coefficient t-Stat. Coefficient t-Stat.

Constant 5505.691 *** 3.999 Constant 8889.267 *** 6.098
FP (−1) −1.728 *** −5.510 FP (−1) −0.583 *** −4.496

∆FP (−1) 0.705 *** 3.502 ∆FP (−1) 0.225 ** 1.881
∆WP+ 3.022 0.494 ∆WP+ 19.909 ** 2.408
∆WP− 13.167 1.512 ∆WP− −22.924 ** −2.261

WP+ (−1) 21.846 ** 2.216 WP− (−1) −83.616 *** −4.384
∆WP+ (−1) −23.141 ** −2.343 ∆WP- (−1) 56.692 *** 3.167

∆TRD+ 0.0008 ** 2.790 ∆TRD+ 0.005 0.196
∆TRD− 0.001 *** 2.959 ∆TRD− 0.026 1.424

∆GDPPC+ 89.765 * 2.195 TRD+ (−1) 0.027 1.044
∆GDPPC− 122.536 0.559 ∆GDPPC+ −12.282 ** −1.908

GDPPC+ (−1) 2.451 0.825 ∆GDPPC− 1769.327 *** 5.234
Note: ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.

The results of our analysis indicated that our assumptions for both imported and
exported goods prevailed. This implies that even prices for exported goods, i.e., potato
market prices, were much more influenced by trade volume. Imported goods, on the other
hand, were influenced by world prices and the GDPPC.

To determine the validity of our ARDL and NARDL results, we used a variety of
diagnostic tests, including the Breusch–Godfrey serial correlation Lagrange multiplier
(LM) test for serial correlation, the Breusch–Pagan–Godfrey test for heteroskedasticity, and
CUSUM and CUSUMSQ for model stability.

The diagnostic test results are shown in Table 9, and we confirmed that the model is
free of serious flaws. The problem of serial correlation does not exist in our model. Our
model is stable and has no issues with heteroskedasticity. These diagnostic tests show
that the model is correctly specified, that no major flaws exist, and that the results are
trustworthy.

Table 9. Diagnostic tests.

Tests Problem

Potato
(p-Value)

Rapeseed
(p-Value) Decision

ARDL NARDL ARDL NARDL

BG F-stat. (LM) Serial correlation 0.470 0.423 0.884 0.138 No serial correlation exists
BPG F-stat. Heteroscedasticity 0.116 0.778 0.764 0.778 No heteroscedasticity exists

CUSUM Stability – – Model is stable
CUSUMSQ Stability – – Model is stable

Figures 3 and 4 are the plots of the CUSUM and CUSUMSQ tests. For both ARDL
and NARDL models for potato and rapeseed, CUSUM and CUSUMSQ statistics fell inside
the 5% confidence intervals of parameter stability, suggesting that the coefficients in these
models were stable.
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5. Discussions

In recent years, global food prices went up abruptly, which prompted a rise in inflation
rates, affecting mainly the poor developing nations who spend much of their income on
food. The phenomenon of food prices fluctuating at national and regional levels is not
new. The causes and potential solutions to soaring food prices have been the subject of
many studies in the past few years [56]. A number of factors drive food prices to increase,
including biofuel demand, speculation in commodity futures markets, countries’ aggressive
stockpiling policies, trade restrictions, and macroeconomic shocks to money supply and
exchange rates. This study examined whether macroeconomic shocks affect food crops
other than cereals, which must also be evaluated. It identified that in the long-run, the
world potato and rapeseed prices led to an increase in the Bangladesh potato and rapeseed
prices when they are increasing. Bangladesh’s rapeseed price increased when the world
rapeseed price decreased, while the domestic potato price decreased only slightly when
the world potato price declined.

This happened due to the surplus in potato production over the last few decades. The
tuber crop research center of the Bangladesh Agricultural Research Institute (BARI) has
released 66 high-yielding varieties of potato [57], which has also contributed to the huge
production of potatoes in Bangladesh. Presently, Bangladesh exports potatoes and items
related to potatoes to different countries such as the United Arab Emirates (UAE), Belgium,
Brunei, Bahrain, Canada, Netherlands, Russia, Singapore, and so forth [58]. This statement
aligns with our findings that the changes in the trade volume affected the Bangladesh
potato price in the long and short-term.

Based on the NARDL long-run result, it is also evident that domestic rapeseed prices
decrease with an increase in GDP per capita. These findings are similar to Bhati and Kumar,
2020, who found that imports and exports of the crop affected the fluctuation in its prices
as the international prices of rapeseed and mustard oils fluctuate more than the domestic
prices, as India is the importer of these oilseeds [27]. However, due to the progressive
economy, Bangladesh may import other oilseeds, resulting in a decrease in the domestic
rapeseed price. This indicates that there is a strong substitution effect among vegetable oils.
This substitution relationship also happens between crude oil and vegetable oils, as shown
by Saghaian [59].

Since the study indicates that exporting and importing non-cereals have been influ-
enced differently by the international indicators, it implies the importance of ensuring a
sustainable marketing system for potatoes and rapeseed. The study has some limitations in
that it only focused on the effects of macroeconomic indicators on the non-cereal markets,
and hence, future research should also include other factors, such as market and production
factors, irrigation techniques, and environmental conditions, which have an influence
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on the market prices of studied crops. Besides, some other non-cereal crops can also be
checked in future research.

6. Conclusions and Policy Implications

The purpose of this empirical study was to enrich the extant literature by investigating
the asymmetric effects of changes in world prices and the total trade of potato and rapeseed,
along with GDP per capita, on the changes in the domestic price of potato and rapeseed in
Bangladesh. We measured the nonlinear effect of world non-cereal prices, trade volumes,
and GDP per capita on farm prices of potato and rapeseed using yearly data from 1988 to
2019. We adopted the NARDL model to capture the short- and long-run relationships of
the variables.

The study identified that during the period investigated, the world potato and rape-
seed prices led to an increase in the Bangladesh potato and rapeseed prices when they were
increasing. However, when the world rapeseed price was declining, the Bangladesh rape-
seed price tended to decrease accordingly, while the domestic potato price did not receive
such an impact from the world potato price. This distinction is likely due to the difference
in the characteristics of potato and rapeseed in Bangladesh: the potato is considered an
exported crop while rapeseed is an imported product.

Second, we found that the changes in the trade volume only had an influence on the
Bangladeshi potato price both in the long-run and short-run. We conjecture that the reason
for the rapeseed not receiving impacts from the trade is that the volume of rapeseed trade
is much smaller compared to potatoes in Bangladesh.

Finally, the NARDL long-run result suggested that domestic rapeseed prices tend to
decrease when GDP per capita increases. As an effect of the progressive economy, the
country may import other oilseeds, which in turn lowers the rapeseed price in the domestic
market. Consequently, to reduce the import reliance on oilseeds from other countries and
ensure the sustainable domestic production of rapeseed, the government needs to adopt a
long-term strategy that includes subsidizing crops and promoting high-yielding varieties.

Our empirical findings imply that it is important for market participants of potato and
rapeseed in Bangladesh to take into consideration the sensitivity of the above-mentioned
variables when designing resource allocation decisions in the event of positive and negative
effects on these non-cereal crop markets. To increase potato and rapeseed cultivation
for increased production, the government can introduce a cooperative marketing system
among rural farmers to maintain sustainable production. More research is needed to
develop a more sufficient supply of potatoes and rapeseed in the market. Research institutes
can take initiatives to develop the overall situation of non-cereal markets.
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