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Do agricultural commodity prices asymmetrically
affect the performance of value-added agriculture?
Evidence from Pakistan using a NARDL model
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In the last few decades, rising prices of agricultural commodities have been an area of

concern for most countries owing to high population growth, increased unemployment, and

per capita food needs. The current study intends to examine the positive and negative shocks

of agricultural product prices, credit disbursement, and the labor force’s impact on the

agricultural growth of Pakistan. The nonlinear autoregressive distributed lag (NARDL)

method was applied using secondary data sources from 1970 to 2018. The results revealed

that positive and negative price shocks contribute positively to agriculture growth; however,

positive price shock has a more stimulating effect than negative prices. Furthermore, credit

disbursement and labor force significantly positively impact agricultural value added in the

short and long run. Finally, the study’s findings have far-reaching consequences for policy-

makers dealing with Pakistan’s asymmetric relationship between agricultural credit dis-

bursement, commodity prices, and agricultural growth.
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Introduction

Pakistan is an agriculture-based country, and the agriculture
sector was the main economic contributor, with a con-
tribution of 22.7% to the GDP of Pakistan. It is the second-

largest sector, providing employment opportunities to 37.4% of
its labor force (PES, 2022). The agriculture sector engages 65% of
the population directly or indirectly, accounting for 59% of the
total export revenues. Pakistan devoted 48% of land to agri-
culture, of which 40% is arable. Irrigation plays a significant role,
supporting 90% of the food production with 80% use of cultivated
land (PBS, 2020). Similarly, wheat, cotton, sugarcane, and rice are
key crops. Wheat is considered an essential commodity, and its
production assures that there will be enough food supply in the
country. However, the devoted land has declined by 2.1 percent
(from 9.168 to 8.976 million hectares (M-ha)), and its production
by 3.9 percent (from 27.464 to 26.394 million tonnes) during
2022 (PES, 2022). The main goal of every country is self-reliance
on wheat, which is considered the most constant challenge for
agriculturalists and legislators (Chandio et al., 2019). Likewise,
cotton, a major export crop, decreased in production area from
2.079 to 1.937 M-ha in 2022, representing a drop of 6.8 percent
(PES, 2022). Agriculture serves as raw materials for other
industries, leading to industrial expansion and promoting eco-
nomic growth. However, the development of the agricultural
sector has been greatly affected due to socio-environmental and
political situations. Despite having a more extensive irrigation
system, Pakistan still imports several agricultural products
(Chandio et al., 2018).

Furthermore, different nations have worked better than others,
and in addition to the kind of government, commodity prices
have played a significant role in fostering economic growth. Some
less developed nations have seen relatively slow economic
development due to their weak responses to price shocks, which
have worsened their debt issues (Chandio et al., 2020). It may be
due to a failure to capitalize on positive shocks and a failure to
prevent large losses from negative shocks. The uncertainty caused
by a sudden rise or fall in commodity prices has the potential to
exacerbate the consequences of price declines relative to gains and
even induce an asymmetric reaction to GDP growth (Kilian,
2014). Moreover, According to Deaton and Miller (1996), rising
commodity prices have a short-term positive influence on eco-
nomic development in African nations. However, Collier and
Gunning (1999) demonstrate that fluctuations in commodity
prices do not lead to long-term increases in per capita income.
Vink (2012) revealed that rising agricultural price inefficiencies
have a significant detrimental effect on growth in sub-Saharan
African countries.

In addition, it is vital to get prime growth and raise profitability
in agriculture by using sources at hand effectively because it can
directly reduce rural poverty (Valdes, 2013). Increased agri-
cultural growth fulfills food demands, enlarges exports, and
supports exchange rates. Meanwhile, agricultural development in
Pakistan has witnessed a negative tendency caused by disparaging
strategies implemented over the last few decades (Shah et al.,
2015). Overall, the Pakistani agriculture industry faces several
difficulties and barriers, i.e., inability to get capital, insufficient
grain and pesticides supplies, power outages, water scarcity,
unstable gas prices, and higher input costs. Nonetheless, Pakistan
can achieve sustainable growth in agriculture by putting farmers
back at the core circle of policy-making processes. It requires a
concerted effort by businesses, researchers, governments, and
other segments of society to focus on food availability (Kashif
et al., 2020). These stakeholders should coordinate to help the
country’s agricultural households. Mainly smallholders increase
their crop yield with better access to resources, more robust
markets, profound participation in research, and dedicated

information exchange without compromising environmental or
social standards. This strategy promises increased productive
output and long-term viability. When coupled with more efficient
markets, a more robust agricultural system may provide stable
food supplies, equitable pricing, and environmentally responsible
land use, all of which contribute to a thriving economy (Kashif
et al., 2023).

The existing literature related to agriculture was mainly con-
centrated on agricultural contribution to growth (Addison et al.,
2016; Byerlee et al., 2009; Diao et al., 2010; Tiffin and Irz, 2006);
governmental expenditure impact on GDP growth (Alene and
Coulibaly, 2009; Furceri, 2007; Iganiga and Unemhilin, 2011) and
commodity price volatility impact on GDP (Collier and Goderis,
2012; Deaton, 1999; Harvey et al., 2017; Hovhannisyan and Bozic,
2017). However, few studies observe commodity prices’ positive
and negative shocks and their effect on agriculture value added
(AVA). Following the argument of Collier and Gunning (1999),
Aysan et al. (2009), Addison et al. (2016) Kinda et al. (2018)
about the potential asymmetry in responses to price shocks, we
examine whether positive shocks have a greater impact than
negative shocks on Pakistan. Juselius et al. (2014) believe that a
country-based approach offers dependable proof. Apart from the
pricing shocks, the current study also considers credit disburse-
ment and the labor force. Moreover, many developing nations
have a significant share of their primary trade-in commodities,
suggesting that relative price fluctuations could profoundly
impact economic growth and poverty alleviation (Harvey et al.,
2017). Food price fluctuations require significant attention
because they reduce the household welfare of people experiencing
poverty in case of price rises. A ten percent rise in food prices
triggers a poverty ratio of 2 percent (ADB, 2008).

Similarly, credit disbursement to the agriculture sector has
enormous ramifications for developing nations’ economic growth
volume and intensity. The impact and productivity of agricultural
labor have also been neglected extensively. In the case of Pakistan,
the uncertainty factor deteriorates further due to political
instabilities, and the prices of products change rapidly with less
control by authorities. Therefore, the current study employs a
nonlinear approach to examine the positive and negative shocks
of agriculture product prices on AVA in Pakistan, along with
credit disbursement and labor force. The prices of agricultural
commodities were the primary concern for local agriculture
producers and consumers; therefore, examining its positive and
negative shocks will be a valuable addition to the literature. As per
the author’s best knowledge, such a study with the NARDL fra-
mework has not been carried out in the Pakistani context.
Moreover, this study will address the following research question
on to what extent the negative and positive price shocks
affect AVA?

The rest of the paper is arranged as follows: Section 2 discusses
the literature and the hypotheses formulation. Section 3 describes
data, model specification, and econometric techniques. Section 4
reported the study’s results with a comprehensive discussion.
Lastly, section 5 concludes the study.

Existing literature and hypothesis development
Generally, it involves several steps for agricultural goods to pass
from manufacturing to end-users, like, corporate supply chain,
procurement, refining, warehousing, distribution, wholesaling,
retailing, etc.; at each step, the products increase in value, ulti-
mately establishing retail pricing. The prices of agricultural pro-
ducts fluctuate more than other goods due to the environment,
supply, and demand shocks (Taghizadeh-Hesary et al., 2019). The
development of pricing is influenced by numerous elements, such
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as intrinsic (qualities and manufacturing) and extrinsic elements
(substitute pricing and market situation). Furthermore, the rela-
tionship between agriculture and climate is universal, i.e., floods,
rainfall, temperature, and other aspects considerably influence
agriculture. Agricultural machinery, land size, and productive
assets of farms were the elements deemed to have substantial
impacts apart from climate shocks (Chandio, Magsi, et al., 2020).
It affects the commodity pricing and performance of the agri-
culture sector, which subsequently weakens economic growth
(Sethi et al., 2002).

Moreover, Pakistan is a massive importer of oil and gas, and
the excessive use of diesel oil in the agriculture sector puts an
extra burden on the farmers, which compels them to raise the
prices. Consequently, Taghizadeh-Hesary et al. (2019) suggest
that energy prices and exchange rates contributed to Pakistan’s
rise in food prices. Meanwhile, during the last decade, financial
and food price crises (2008 and 2011) have been observed, which
raised concerns regarding the effects of food price shocks and
food insecurity (Chandio, Magsi, et al., 2020). Furthermore,
commodity prices can be influenced by global market dynamics,
including supply and demand fluctuations, weather conditions,
trade policies, and geopolitical factors (Chandio et al., 2018).
These external factors can significantly impact the profitability
and stability of Pakistani agriculture, affecting farmers’ liveli-
hoods and the overall economic performance of the sector. The
volatility in the pricing of agricultural commodities increases
threats for concerned participants. This threat will hurt farmers’
benefits, which is unsuitable for businesses and stunts the coun-
try’s agriculture growth progress (Chandio et al., 2016). Likewise,
Blattman et al. (2007) found that nations with more price fluc-
tuations in commodities had slower economic growth than those
with steady price changes. Collier and Goderis (2012) examined
commodity price impact on growth using a panel error correction
model and found that rising prices affect GDP in the short and
long run. The average five years growth, wholesale price indices,
credit disbursement, and labor force data are exhibited in Table 1.

Agricultural GDP growth continuously decreases, and the only
phases where agriculture GDP reverts from declining were
1995–1999 and 2010–2014. It was a worrying sign for a country
known as an agrarian; however, some scholars support the
decline of the agriculture portion at the cost of other industry
expansions (Chandio et al., 2019). Still, with the high population
growth rate, it is difficult for any country to feed people with a
reduced agriculture sector (Anderson, 2010). Furthermore, price

indices show both upward and downward trends during the
sample period; however, there were two phases (1985–1994 and
2000–2009) where price indices declined, and both were under
strict Martial Law administrations. Moreover, total credit dis-
bursement to the agriculture sector has an upward trend, but it
never meets the producer’s demand due to an increase in the cost
of production. Farmers need to import seeds and other materials
from different countries; therefore, the exchange rate can be
influential. The apparent reasons noticed in agriculture fall were
the wealth concentration among wealthy farmers, lack of tech-
nological advancement in the tools used for production, cor-
ruption with its steadily planted roots, and lack of good
governance.

Furthermore, methodological problems might be the reason for
the lack of agreement on the long-term influence of commodity
prices because possible nonlinear impacts of price shocks were
mostly ignored in earlier research. In this regard, Addison et al.
(2016) evaluated the positive-negative impacts of price shocks on
growth for selected Sub-Saharan African nations and observed
hardly any proof of such asymmetry. Similarly, Kinda et al. (2018)
emphasized the significance of differentiating between positive
and negative shocks, arguing that the latter have irrevocable
consequences. Aysan et al. (2009) assessed the asymmetric impact
of prices on growth and found that negative shocks have sig-
nificant adverse impacts, whereas no positive long-run shock
effects. Deaton and Miller (1996) showed that commodity price
increases, as opposed to price decreases, were more beneficial in
the short run for African economies.

In line with the above argument about possible asymmetries in
the reaction of commodity price shocks, we tried to contribute to
the existing literature by assessing the relationship between
commodity pricing and AVA and believe it will provide impactful
suggestions and recommendations. Pricing of agricultural com-
modities is regarded as an essential concern because its fluctua-
tions impact people’s incomes locally and exporters at the country
level; therefore, setting the correct prices remains a critical sub-
ject. The studies mentioned above have identified price asym-
metries, with most of them observing positive shocks, although
there were instances where negative shocks were also observed.
Nevertheless, we believe that the impact of increasing prices
surpasses that of decreasing prices. Hence, based on the above
discussion and reported studies, we have formulated the following
hypotheses.

H1: Positive agriculture price shock increases agricultural
economic growth.

H2: Negative agriculture price shock increases agricultural
economic growth.

Materials and methods
Variables and data. The variables used in the present research
were agriculture, forestry, and fishing, value added (AVA), credit
disbursement in agriculture (CD), the labor force (LF), and
agriculture product prices (PI) from 1970 to 2018. Data on AVA
(in current US$) was sourced from World Development Indica-
tors. CD (Rupees in Millions), Labor (in millions), and Prices
(Index Numbers of wholesale prices of wheat and cotton) data
were selected from different Pakistani statistical yearbooks and
economic surveys of Pakistan. The reason for choosing wheat and
cotton is that both are leading cash crops from different pro-
duction seasons. The annual data for analysis were changed to
log form.

Econometric model. The following Equation has been defined to
analyze the long-term effects of credit disbursement, prices, and

Table 1 Credit disbursement to agriculture, agricultural
growth, labor force, and wheat and cotton prices indices
(1970–2018).

Years Agriculture
% to GDP

Prices
indices

Credit
disbursement to
agriculture (in
USD millions)a

Labor
(millions)

1970–1974 32.772 56.533 1.29 19.096
1975–1979 28.936 116.836 7.54 22.522
1980–1984 26.916 168.926 23.98 26.27
1985–1989 24.286 159.594 60.93 29.29
1990–1994 22.938 146.868 71.15 31.964
1995–1999 24.315 229.07 110.58 36.238
2000–2004 22.143 145.967 227.42 42.784
2005–2009 21.769 131.872 759.72 51.6
2010–2014 23.939 175.577 1,354.50 59.106
2015–2019 18.497 229.393 3,178.30 53.826

Source: Author calculations from World Bank (2019).
aThe USD conversion rates were based on December 2022.
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labor force on the AVA of Pakistan.

AVAt ¼ β0 þ β1 PIt
� �þ β2ðCDtÞ þ β3ðLFtÞ þ Ut ð1Þ

AVA, PI, CD, and LF represent the agriculture value added,
the price index of agricultural commodities, credit disbursement
in agriculture, and the labor force, respectively. According to the
authors’ understanding, previous studies analyzed growth in
agriculture concerning spending and prices under linear back-
ground. However, the present study conducted its analysis in a
nonlinear framework which helps foresee whether the time
series components (both positive and negative) are cointegrated
or not. This research’s primary objective was to examine the
asymmetric impact of commodity prices on agriculture growth.
The nonlinear model is specified as the following functional
form.

AVA ¼ f PIþ; PI�;CD; LF
� � ð2Þ

where, PI+ and PI− indicates the positive price and negative
price indices. Shin et al. (2014) proposed an estimation
technique named nonlinear ARDL, which used partial sums of
positive and negative changes to define the short and long-term
asymmetric effect. The NARDL procedure has various benefits
over other conventional models of cointegration: (i) NARDL
does not oblige for a stationary test, (ii) even in small samples,
the NARDL model operates appropriately, (iii) NARDL can be
applicable whether the included variables were stable at the level
I(0) or first difference I(1) or integrated fractionally (Ibrahim,
2015; Lee et al., 1997). However, this method does not work well
when any I(2) variable is involved. After examining the
empirical efforts (Dhaoui and Bacha, 2017; Katrakilidis and
Trachanas, 2012; Koutroulis et al., 2016; Meo et al., 2018; Raza
et al., 2016), we specified the following model:

AVAt ¼ Φ0 þ Φ1 PIþt
� �þΦ2 PI�t

� �þΦ3 CDt

� �þ Φ4 LFt
� �þ εt

ð3Þ
where Φ0 denotes long-run parameters, PI+ and PI− indicates
positive and negative asymmetric effects and partial sums
change in commodity prices. Equation (1) offers only a long-run
impact on the model. However, we have to redefine Eq. (1)
under the error correction model (ECM) because it provides the
basis for assessing the constant speed of adjustment rate and the
dependent variable’s short-run performance in the stochastic
Equation. The ECM arrangement in a multivariate perspective is
given below:

Δ lnAVAt ¼/0 þ ∑
q1

i¼1
ψ1iΔlnAVAt�i þ ∑

q2

i¼0
ψ2iΔlnPIt�i þ ∑

q3

i¼0
ψ3iΔlnCDt�i þ ∑

q4

i¼0
ψ4iΔlnLFt�i

þ π1lnAVAt�i þ π2lnPIt�i þ π3lnCDt�i þ π4lnLFt�i þ εt

ð4Þ
where, π1−π4 and Δ represents long-run coefficients and short-run
differenced variables, respectively, q1 − q4 signifies optimum lag
length. Equation (4) implies that the predicted variables have a
symmetrical connection; however, the present research seeks to
explore the asymmetric effect of commodity prices on the AVA of
Pakistan. Therefore, the desired variables were decomposed into
negative and positive segments to see the asymmetric impact by
considering the following nonlinear Equation. This decomposition
regression pt ¼ σþmþ

t þ σ�m�
t þ μt, where σ+ and σ− are

associated with the coefficient of the long run and mt is a
decomposed parameter of explanatory variables as:

qt ¼ m0 þmþ
t þm�

t

where the regressors were denoted with m+ and m− that is
partially decomposed into positive and negative-sum variations.
Subsequently, Eqs. (5) and (6) represent the partial sums of positive

and negative adjustments in agricultural commodity prices.

PIþ ¼ ∑
n

i¼1
ΔPIþi ¼ ∑

n

i¼1
max ΔPIi;0

� �
ð5Þ

PI� ¼ ∑
n

i¼1
ΔPI�i ¼ ∑

n

i¼1
min ΔPIi;0

� �
ð6Þ

To make specification (4) asymmetric ARDL, we integrated a
decomposed positive and negative series of prices (Eqs. 5 and 6)
in Eq. (4).

Δ lnAVAt ¼/0 þ ∑
q1

i¼1
ψ1iΔlnAVAt�i þ ∑

q2

i¼0
ψ2iΔlnPI

þ
t�i

þ ∑
q3

i¼0
ψ3iΔlnPI

�
t�i þ ∑

q4

i¼0
ψ4iΔlnCDt�i

þ ∑
q5

i¼0
ψ5iΔlnLFt�i þ π1lnAVAt�i

þ π2lnPI
þ
t�i þ π3lnPI

�
t�i þ π4lnCDt�i þ π5lnLFt�i þ εt

ð7Þ
After the estimation of Eq. (7), the bound F-statistics technique

developed by Pesaran et al. (2001) was applied to evaluate the
long-term cointegration among variables with two boundaries
(lower and upper).

Results
It is essential to ascertain the properties of time series data used in
Eq. (4) by limiting the concerns of spurious regression; therefore,
assessing the data series to check the unit root could be appropriate.
Although there was no condition to apply the unit root test or verify
the stationary level of incorporated variables (Ibrahim, 2015),
asymmetric ARDL cannot be used if any I(2) variable was involved.
Thus, to ensure the integration level of variables and that no I(2)
variables were contained in the estimation process, this study
employed ADF, PP, and KPSS tests (Asteriou and Hall, 2015;
Gujarati, 2009; Maddala and Wu, 1999). The reason to avoid any
second difference variable is that the value of cointegration F-sta-
tistics turns out to be invalid (Ilyas et al., 2010; Meo et al., 2018). In
the above tests, the essence of the unit root is the null hypothesis,
and variables were stationary in an alternative assumption. Results
of all unit root tests at a level I(0) and the first difference I(1) form
were represented in Table 2. All the variables were stationary at first
difference form in ADF and PP tests. Furthermore, the whole series
was stationary at a level form in the KPSS test, and none of the
variables is I (2). This situation allows us to proceed with the
asymmetric ARDL bound test procedure.

Meanwhile, Table 3 depicts summary statistics. The descriptive
statistic results stated that data series were normally distributed,
and the values of standard deviations, Jarque-Bera (J-B), and
probability endorsed it. The mean value of AVA (10.109) is the

Table 2 Unit root results.

Variables AVA PI CD LF

ADF statistic
I(0) 0.244 −2.936** −3.225** −0.546
I(1) −5.965* −7.133* −4.447* −6.411*
PP statistic
I(0) 0.432 −3.058* −1.386 −0.526
I(1) −6.851* −7.204* −7.738* −6.455*
KPSS statistic
I(0) 0.905* 0.452*** 0.899* 0.915*
I(1) 0.103 0.179 0.151 0.096

*,**, and *** show the significance level at 1%, 5%, and 10%, respectively.
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highest, followed by CD (4.221), PI (2.145) and LF (1.533). The
study variables show changes in their Min-Max values, indicating
different levels of the parameters for Pakistan. Likewise, the
parameters reveal different deviations, with the highest value of
CD (0.994), followed by AVA, PI, and LF. The p-values of the J-B
test are more than 0.05 (except PI), suggesting that the data is
normally distributed for most variables.

Table 4 exhibits F-statistics long-run relationship results, which
were sensitive in selecting the ideal lag length of a model (Bah-
mani-Oskooee and Bohl, 2000). The F-statistics bound testing
method with critical values has two assumptions in which vari-
ables are I(0) for lower bounds and I(1) for the upper bound. F-
statistics must be more than the critical values of upper limits
while considering null hypothesis rejection. In contrast, the t-
statistic value below analytical lower bounds values supports the
null hypothesis’s acceptance, whereas the value between upper
and lower limits gave inconclusive results. Similarly, lower and
higher bounds values at 95% significance level were 2.56 and 3.49,
correspondingly. Hence, the estimated F-statistic value (8.649)
supports rejecting the null hypothesis of no long-run relationship.
It is higher than the upper bound, and there was a long-run
cointegration relation among variables.

Table 5 postulated the short-run results based on the Akaike
information criterion (AIC) from NARDL estimates. The PI+ and
PI- shocks significantly affect AVA; however, the scale of negative
shock has a more stimulating effect in the short run. The results
suggest that negative and positive shocks in prices enhance
agricultural growth by 0.507 and 0.168 percent, respectively. The
findings support both hypotheses (H1 and H2), which propose
that PI+ and PI- shock effects of commodity prices increase
agricultural economic growth. Furthermore, credit disbursement
in the agriculture sector had a significant positive relationship
with AVA in the short-run, which elaborates that a one percent
rise in CD will improve agriculture performance by 0.379%. The
positive coefficient of CD indicates that more government agri-
culture spending will add greater value to agriculture. Moreover,
LF has a significant positive relation with AVA, which indicates
that a one percent rise in the labor force will expand agriculture

development by 1.291% in the short term. In addition, diagnostic
test results from asymmetric ARDL estimations are shown at the
bottom of Table 5. The adjusted R-square value (0.999) described
the best fit of the model. The p-value in SC, normality, and
heteroscedasticity tests are more than the significance level, sug-
gesting the rejection of the null assumption. The reported results
conclude that the model has found no autocorrelation and het-
eroscedasticity issues and is appropriately specified. The error
terms can be assumed to be independent, and the basic pre-
sumptions of the model are probably correct.

Table 6 represents the long-run results from NARDL estimates.
Similar to the short run, the PI+ shock significantly influences
AVA; however, their magnitude differs. The outcomes imply that
PI+ raises growth in agriculture by 0.418%, which endorses H1
hypotheses. Likewise, the PI- shock is also positively linked to
AVA in the long term (a coefficient of 0.109), which validates H2

Table 3 Descriptive statistics and correlation matrix results.

AVA PI CD LF

Mean 10.109 2.145 4.221 1.533
Median 10.061 2.178 4.209 1.511
Max 10.887 2.419 5.988 1.816
Min 9.316 1.623 2.028 1.258
Std. Dev. 0.411 0.186 0.994 0.163
Skewness 0.101 −1.000 −0.446 0.087
Kurtosis 2.129 3.807 2.697 1.895
Jarque-Bera 1.564 9.111 1.738 2.451
Prob. 0.458 0.011 0.419 0.294

Table 4 Asymmetric Cointegration bound test.

Test Statistic Value

F-statistic 8.649
Critical Value Bounds

Significance I0 Bound I1 Bound
10% 2.2 3.09
5% 2.56 3.49
1% 3.29 4.37

F-statistic critical values are estimated by the bounds-testing approach of Pesaran et al. (2001)
and Shin et al. (2014).

Table 5 Short-run Asymmetric ARDL estimation.

Regressor Coefficient(s) S.E t-ratio p-value

C 16.874 1.650 10.229 0.000
AVA(−1) 0.168 0.095 1.781 0.098
PI+ 0.168 0.074 2.274 0.041
PI- 0.507 0.055 9.263 0.000
CD 0.379 0.050 7.627 0.000
LF 1.291 0.493 −2.617 0.021
ΔAVA(−2) −0.637 0.108 −5.887 0.000
ΔPI+ 0.574 0.074 7.752 0.000
ΔPI+(−1) −0.689 0.095 −7.226 0.000
ΔPI+(−2) 0.917 0.095 9.644 0.000
ΔPI+(−3) −0.190 0.081 −2.357 0.035
ΔPI- −0.539 0.064 −8.473 0.000
ΔPI (−1) 0.268 0.053 5.033 0.000
ΔCD −0.227 0.043 −5.278 0.000
ΔCD(−1) 0.038 0.045 0.841 0.416
ΔCD (−2) −0.155 0.027 −5.819 0.000
ΔLF −2.554 0.517 −4.936 0.000
ΔLF (−1) 3.884 0.464 8.376 0.000
ΔLF (−2) 1.683 0.469 3.586 0.003
Adj.R2 0.999
D-W 1.957
F-statistic 569.30

[0.000]
X1 SC 0.195

[0.826]
X1 Norm 0.317

[0.854]
X1 Het 1.920

[0.109]

Superscript with + and − signs denote the series’ positive and negative variations. Similarly,
X1SC, X1Norm, X1Het, and D-W represent serial correlation (Breusch-Godfrey), error normality
(Jarque-Bera), heteroscedasticity (Breusch-Pagan-Godfrey), and Durbin–Watson test statistic
correspondingly.

Table 6 Long-run asymmetric ARDL results.

Regressor Coefficient(s) S.E T-ratio [p-v]

C 7.777* 0.020 2.813 [0.015]
PI+ 0.418* 0.074 5.660 [0.000]
PI- 0.109* 0.030 3652 [0.002]
CD 0.055* 0.020 2.813 [0.015]
LF 1.138* 0.390 2.919 [0.012]

* indicates the significance level at 1 percent.
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hypotheses. The outcome suggests that whether price indices
increase or decrease, they will improve agriculture performance.
However, the effect scale is higher for PI+ shock than PI- shock.
The PI+ seems good for the farmers; however, PI- does not affect
them much. Reducing commodity prices can boost affordability,
increasing demand for these goods. To fulfill this demand,
farmers need to raise their production levels, which can con-
tribute to agricultural growth.

Furthermore, CD in the agriculture sector had a significant
positive relationship with AVA in the long run, which elaborates
that a one percent rise in CD will increase growth by 0.055%. The
positive coefficient of CD elaborates that more expenditure dis-
bursement to the agriculture sector will enhance its growth sig-
nificantly. Additionally, LF has a significant positive relation with
AVA, which specifies that a one percent upsurge in the labor force
will enlarge agriculture development by 1.138% in the long term.
Moreover, to examine the parameter stability of the selected asym-
metric ARDL model, the Cumulative sum of recursive residuals
(CUSUM) and the Cumulative sum of squares of recursive residuals
(CUSUMSQ) tests were exercised (Brown et al., 1975). Figure 1
graphically expressed the estimated coefficients which is inside the
critical bounds (solid dotted lines) at a 5 % significance level; hence,
we determined that the model was structurally stable. The straight-
line characterizes analytical limits at a 5% level of significance.

Lastly, Fig. 2 represents the dynamic multiplier graph (DMG) for
NARDL model. The DMG shows the volatile reaction of a response
variable to a change in an explanatory variable. The negative and
positive curves indicated the asymmetric variation of AVA to
positive and negative price shocks at a specified time. The results of
the dynamic multiplier graph suggest that PI+ shocks have more
influence on AVA than adverse price shocks, suggesting the pre-
sence of positive asymmetry in the long run.

Discussion
The results of positive price shocks in agricultural products were
startling, suggesting that it will lead to flourishing agriculture
growth; however, this can be useful only if the economic condi-
tions of the people are sound enough to bear high costs. Mean-
while, higher costs for agricultural products can result in higher
inflation, making it difficult for governments to maintain general
financial stability. In the case of Pakistan, the government cannot
put extra pressure on the people to improve their growth, where
more than half of the population is already below the poverty line.
The increased prices burden common people, but in a country
like Pakistan, it is a usual practice to raise growth. Rising prices
will hurt people with low incomes more because they must spend
more money to purchase the same commodities.

Fig. 1 Cumulative sum of recursive residuals (CUSUM) and square of CUSUM.

Fig. 2 Dynamic multiplier graph.
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Meanwhile, a rise in commodity pricing benefits the harvesters
since they receive greater value for their products. Many factors
caused a rise in commodity prices during the sample period;
however, the most visible events were the Asian financial crises in
the late 90 s, 2008 and 2011 global food and oil price crises. Apart
from the concerns mentioned above, unfavorable weather con-
ditions (with two major floods in 2010 and 2014), energy crises,
expensive fertilizers, monopoly of agricultural companies, infla-
tion, rising oil prices in international markets, foreign debt
repayments, exchange rates, and undocumented transboundary
trade of agricultural products were also contributed in the rising
costs. Government authorities also had undue direct interven-
tions in procurement and sales price determination. The favor-
able price shock results were aligned with Haji and Gelaw (2012),
Joiya and Shahzad (2013), and Awan and Imran (2015) .

Likewise, the adverse shocks in agricultural product prices also
positively influenced agricultural economic growth, although in
another aspect. The negative shock in the prices can escalate con-
sumer demand and change their behavior to consume more. The
increase in consumption may influence farmers to produce addi-
tional products with lower production costs, enhancing growth. The
inflationary threat can be reduced by lowering the prices of agri-
cultural commodities, which promotes economic development and
investment across all industries, including agriculture. However, the
adverse shocks in prices were not seen in developing countries
normally because once the prices of commodities rise, the reduction
is complicated. Additionally, PI- shocks of agricultural products
harm the farmers was revealed for Pakistan. The overall results of
commodity prices conclude that PI+ and PI- shocks generate
economic activities and improve agricultural development with
more influence of PI+ than PI- in the long run and also found
scarce confirmation of such asymmetry. In conclusion, the price-
growth link is complicated since several other elements, including
weather patterns, market forces, legislation, and infrastructure, can
substantially impact agricultural development.

Moreover, the reported coefficient of CD, in the long run, was
observed to be relatively small. Still, it cannot be discouraged because
Pakistan will likely need favorable conditions for agricultural
investments to assist farmers in meeting the sustenance demands of
a rapidly growing population. Unlike the developed world, Pakistan
is still missing in setting up long-term goals for its development due
to governmental instabilities. The subsequent governments dis-
regarded the policies made by previous administrations because of
political conflict, irrespective of its gains to the economy. The
authorities and departments lack inefficiency, preventing the money
from reaching potential growers. The stated policies require time for
implementation to achieve the original specific objectives, so CD
sometimes may negatively impact AVA in the short term.

Furthermore, more than 40% of the populace is attached to the
agriculture sector for their incomes, with small farmers’ preferring to
run their households by utilizing old-fashioned techniques for
output. However, these traditional agriculture production methods
consume more resources and time, which may negatively impact
growth for a shorter period. Moreover, unless the methods of
production will not change from traditional ones, subsidies provided
by the government will further damage the progress. In this regard,
it is crucial to conduct awareness campaigns at the government and
local levels to educate farmers about the newly developed agriculture
methods and help them transition. This changeover is critical
because the annual growth rate of agriculture declines. In 1970,
agricultural GDP was 33.43%, but it reduced to 22.7% in 2022. It is
an alarming sign for a country known as an agricultural whose
population growth rate is among the highest in the entire region. In
addition, the results of LF suggest that expanding skilled labor is
crucial for improving agricultural production and development in
Pakistan. However, in the current scenario with a literacy rate of

60% (minimum in South Asia), it looks challenging for the agri-
culture sector to avail skilled labor facilities.

Conclusions
The current research contributes to the existing literature by ana-
lyzing the positive and negative shocks in agricultural product prices
using the NARDL methodology in Pakistan. The variables used in
this research were agriculture, forestry, fishing value-added, credit
disbursement in agriculture, the labor force, and agricultural product
prices from 1970 to 2018. The NARDL approach was used for
statistical inferences because of several benefits over other techni-
ques. Empirical results show that positive and negative price shocks
in agricultural products contribute to Pakistan’s agricultural growth
in the short and long run; however, the positive shock impact is
more than the negative shocks. Furthermore, credit disbursement
and labor force significantly contribute to agricultural development
in the short and long run.

The outcomes of our study suggest that rising prices generate
troubles for middle and weak-income groups because they must
compromise their education and health allocation budgets for
essential agricultural items. A strict and faithful monetary policy is
required to support commodity prices. At the ground level, the core
responsibility is on price control authorities; hence, it should be
observed energetically. Such bodies should avoid any political
interference and execute prices spontaneously, as it directly impacts
the daily households of the maximum population. Furthermore, the
current study found significant and positive results for credit dis-
bursement. Still, a country like Pakistan should critically evaluate its
credit disbursement because of the continuous contraction of agri-
culture’s share of economic growth and consistent budget deficits. A
proper balance should be made as more investments will burden the
economy further, and fewer subsidies will put extra pressure on
producers. The credit disbursement should focus on the develop-
ment of technological innovation as the traditional methods already
reduced the agricultural contribution and raised the food imports.
The government should increase the labor force’s education and
awareness levels to gain maximum productivity by effectively uti-
lizing scarce resources.

Future research is encouraged to extend the country’s context
and replace Pakistan with other agriculture-based countries like
African nations to check positive and negative shocks in agri-
culture product prices. The upcoming analysis can examine the
technological effect of agriculture, prices of different commodities
(i.e., maize, rice, sugarcane, etc.), environmental variations, and
energy sources’ influence on agricultural output. Moreover, the
global 2008 and 2012 financial and food crises can be discussed
based on the NARDL framework by considering structural
breaks. In addition, different time series techniques like ARMA,
Johansen test, SARIMA, vector autoregression, ARDL, or panel
data methods such as GMM, PMG, and AMG can be used to
reveal interesting outcomes or answer new research questions.

Data availability
The final data can be accessed from https://doi.org/10.17605/OSF.
IO/DB8J9.
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