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ABSTRACT: This study contributes to the extant literature on the nexus among rice, maize and wheat production with agriculture gross
domestic product (AGDP) of Pakistan. We use time series data from 1970 to 2017 and employ the Non-linear Autoregressive Distributed Lag
(NARDL) model. Short run and long run shocks between the selected variables and result s is checked through the co-integration and nonlinear
error correction model.Autoregressive distributed lag bound testing approach for co-integration and to find the relationship between variables
Granger causality test is applied.Our results confirm co-integration, positive shocks results show that rice, maize and wheat production have
significantly influence on AGDP. The asymmetrically positive shocks of three crops have neutral effect on AGDP. While in symmetric results
show the unidirectional effect between rice, maize production with AGDP and wheat production do not have ganger causality with AGDP,
Finally, results depict that wheat, maize and rice production significantly contributes to agricultural GDP in the case of Pakistan.

Key words: NARDL model, asymmetric causality, symmetric causality, cereal crops, Pakistan AGDP.

As colheitas de cereais afetam assimetricamente o produto interno bruto da agricultura no Paquistao?
Usando a abordagem do modelo NARDL

RESUMO: Este estudo contribui para a literatura existente sobre o nexo entre a produgdo de arroz, milho e trigo com produto interno
bruto agricola (AGDP) do Pagquistdo. Utilizamos dados de séries temporais de 1970 a 2017 e empregamos o modelo NARDL (Non-linear
Autoregressive Distributed Lag). Choques de curto e longo prazo entre as variaveis selecionadas e os resultados sdo verificados por meio do
modelo de co-integracio e corregio ndo linear de erros. E aplicada uma abordagem de teste de atraso retardado distribuido autorregressivo
para co-integragdo e para encontrar a relagdo entre variaveis. Nossos resultados confirmam a co-integragdo; os resultados de choques
positivos mostram que a produgdo de arroz, milho e trigo influencia significativamente na AGDP. Os choques assimétricos positivos de trés
culturas tém efeito neutro no AGDP. Enquanto nos resultados simétricos mostram o efeito unidirecional entre o arroz, a produgdo de milho com
AGDP e a produgdo de trigo ndo tém causalidade de ganger com AGDP. Finalmente, os resultados mostram que a produgdo de trigo, milho e
arroz contribui significativamente para o PIB agricola no caso do Paquistdo.

Palavras-chave: modelo NARDL, causalidade assimétrica, causalidade simétrica, PIB do Paquistdo, produg¢do de trés culturas.

INTRODUCTION being national economy was based on agriculture

further economy is diversified due to industrialization.

Countries agriculture sectors and other
sectors all together plays essential role in socio
economic development and economic growth
(IOHNSTON et al.,1970; SINGH et al., 2016)..
Pakistan’s agriculture sector is very important
pillar for national economy because it controls food
insecurity regarding to the increasing of country’s
population (GOP, 2018). Since Pakistan came into

Due to the industrialization in country and agriculture
share is decrease in gross domestic product but the
agriculture importance cannot be ignored (RAZA
ALI et al., 2012). Mostly Pakistan population is
living in rural areas and their income is connected
with agriculture. This is providing 42.3% share of
employment and as well as put some effort in poverty
alleviation (ATIF HAIYUN et al., 2017). Agriculture
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sector share is 19.8% in gross domestic product and
highest growth is 3.5% in 2017 after six years while
it is remarkable of achievement of all sectors in the
country economy with an increase growth rate(GOP,
2018).Pakistan’s agriculture sector is comprised on
fisheries, livestock, forestry and crops. However,
wheat, maize and rice are the main three cereal crops
which are grown in country.

The suitable weather condition and well-
arranged irrigation system is cause that the high yield
of Maize, Rice and wheat production in Pakistan.
It is concluded that the weather and temperature
condition is suitable and positive influence the major
crop production in Pakistan (ALI et al., 2017). Our
country important crops are Maize, Sugarcane, Rice,
Cotton and wheat which have 23.60% and 5.45%
shares respectively in the agriculture GDP and total
country GDP. However, by the adaptation of modern
technologies and new methods farmers can be self-
sufficient in food products (GOP, 2018). Cereal crops
of Pakistan have huge share in export and direct
contribution to GDP. The total annual export for the
2017 year of Rice, Maize and Wheat are 3947365,
55282 and 5091 Tons respectively (FAO, 2018a).
There is a big importance of food crops in agriculture
sector as well as for human diet. The food crops
having a much source of mineral, fats, vitamins and
protein while with use of cereal crops it help to prevent
the body from gaining weight and diseases of heart
(SARWAR et al., 2013). The reason behind the high
demand of food crops are increasing in population and
their automatically eating consumption in Pakistan.

Globally, Maize 1is cultivated very
extensively and it is considered prime and staple good.

The total maize production is about 875,
226,630 ton in which America, China and Brazil
at the top (RANUM et al., 2014). Maize crops is
considering miracle cereal crop due to high potential
energy is called queen of cereal. The Maize is used
in Pakistan for multi purposes such as food security,
poultry fed, forage and as well as used in industries
as a raw material. Generally, in Pakistan this crop
cultivated by the small farmers in their marginal land.

Usually, the small household farmers use
their marginal land for maize crops cultivation. It
reported that maize is cultivated on 1,348 and 1,229
thousand hectare area for the year 2016 and 2017,
and which show decrease in 8.8% thousand hectare
area. Due to the decrease in the cultivation of land
automatically production is decline 7.0%, while the
total production is 5702 million tons for the year
2017-18 (GOP, 2108).The reason behind the low
production the famers switch over maize cultivation

while persuade to cotton, rice and sugarcane.
Maize gained 2.4% share and 0.5 share in the total
agriculture GDP and total country GDP respectively
(GOP, 2017). Maize production has positive effect
the economic growth of Zimbabwe in the long run
and short run (MAPFUMO A, 2013).

Rice plays an important role in
agriculture sector and our country economy, while in
the different parts of Pakistan rice is grown such as
north, west and south part. Rice is globally important
trade commodity and it is also considered a staple
food for the population (HUSSAIN, 2012; SECK
DIANGNI et al., 2012). The rice food is providing
nutrition and also controlling the food insecurity
problem in Pakistan. National and international level
markets the Pakistani rice is very famous due to their
softness. Pakistan has 10" position in producers
countries while 4 position in exporting countries
of Rice (FAO, 2018b). The rice is cultivated on
area 2899 thousand hectare however the production
is 7442 million tons. The share of rice in country
agriculture GPD 3.1% and 0.6% share in total GDP
(FAO, 2018a). Empirical analysis shows that rice
crop has positive effect on trade and gross domestic
product of India and Bangladesh (DOROSH, 2004).

In Pakistan wheat crop is very important
crop because 80% farmers are cultivating in “Rabi”
season while wheat has captured 40% area of total
cultivated land. This crop is the second is second
largest crop in Pakistan. Wheat is also a staple food
and providing energy and protein to eating bodies.
In our county one body’s wheat flour per year
consumption is 124 kg and provides 72% calorie on
daily bases (USDA, 2017). In the year 2017-18 wheat
is cultivated on land area 8734 thousand hectare and
the production is 25492 thousand tons. In agriculture
GDP the wheat share is 9.1% while in the total GDP
share is 1.7% (GOP, 2017). It is empirically checked
in time series data that Pakistan major crops such as:
rice, wheat, cotton and rice have positive effect on
economic growth (RAZA, 2012).

OBJECTIVES OF RESEARCH

The study of (ARIF ULLAH et
al,. 2018) tested long term-run relationship between
agriculture gross domestic product and fruits
production of Pakistan in which results shows had
positive impact on agriculture gross domestic product
of Pakistan .This paper investigates the long-run
relationship between agriculture GDP and the three
cereal crops (wheat, maize and peach) production by
the nonlinear autoregressive distributive lag (NARDL)
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model and Johansen technique for co-integration in
the case of Pakistan. In this perspective, this study
analyses the Bounds test to confirm the long-run
existence of co-integration between agriculture GDP
and the three selected crops outputs. The objective are
given: a) Do positive and negative shocks of cereal
crops in long run and short run have influence the on
agriculture gross domestic product? b) Do positive
and negative shocks of cereal crops in long run and
short run symmetrically and asymmetrically have
granger causality with agriculture gross domestic
product? c) Do cereal crops have bidirectional,
unidirectional impact on Pakistan agriculture gross
domestic product? These objective answer is find
out with the help of co-integration techniques and
nonlinear autoregressive distrusted lag.

This study investigates the relationship
between three cereal crops production of Pakistan
included Maize, Rice and Wheat with Agriculture
Gross Domestic Product. Pakistan agriculture sector is
playing a key in the country’s economy development.
This research find out the impact of cereal crops
on agriculture value added GDP. The relationship

between the variables are short run and long run in
the presence of asymmetric and symmetric causality.
The remaining paper is organized as follow: in section
2 data materials and methodology and the 3 section
represents the results and their discussion. In the last
section conclusion and recommendations are included.

DATA MATERIALS

The time series data is used in this research
to check the asymmetric and symmetric causal
relationship between AGDP and three crops are
selected (rice, maize and wheat) of Pakistan. Figure
1, 2 and 3 show the independent variables are rice,
maize and wheat production in thousand tons and
dependent variable is AGDP which are present in
US $ in millions. Annually data was used and this
data covering the time period for 1970 to 2017. These
three cereal crops data are selected from economic
survey of Pakistan and food agriculture organization
(FAO, 2018a; GOP, 2018) and while the agriculture
gross domestic product data taken  from world
development bank indicator (WDI, 20118).

Figure 1 - Time series data of Rice and Maize Production (Source FAO).
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Figure 2 - Time series data of wheat Production (Source FAO).

METHODOLOGY

This study investigates the relationship
between three cereal crops production of Pakistan
included Maize, Rice and Wheat with Agriculture
Gross Domestic Product by employing non-
linear autoregressive regressive distributed model
(NARDL) as well as Johansen test and co-integration
test. Before find out the granger causality relationship
for short time and longtime while, first we need to
confirm the existence of stationary and co-integration
test in three selected crops and AGDP.

To capture non-linear and asymmetric
relationship among the variables, we applied nonlinear
autoregressive distribution lag (NARDL) model
developed by(HATEMI-J, 2012). NARDL model
capture the nonlinear and asymmetric co-integration
between variables, it is also distinguishes short-term
and long-term effects of the independent variables
on the dependent variable. Additionally, NARDL is
most suitable instrument for time series data to test
co-integration among the variables in single equation.
While, linear ARDL model fail to detect these tests
properly. In this model, we found long run and short
run impact of independent variables on dependent

variables. Recently, NARDL test proposed by
(SHAHBAZ et al., 2017; SHIN, YU et al. 2014) show
asymmetric error correction term as follow:

(M

In NARDL equation, @ is represents

short run and B; is long term coefficients with i =
1....8th. While, the short term analysis is immediate
effect of independent variable towards dependent
variables. Where long term analysis reveal the speed
of adjustment towards equilibrium. All our variables
Y, R, M, and W, are represents as AGDP, rice
production, maize production and wheat production,
respectively, with t time. We run Wald test to know
the long run asymmetry f=/5"=/5" and for short
run asymmetry o =a” =a for all selected variables.
To find the nexus among, maize, rice and

wheat and AGDP we applied Granger Causality
test. To capture asymmetric causality among the
variables, we used same method as (HATEMI-J,
2012) for time and frequency domain method
of (BREITUNG & CANDELON, 2006). In first
phase, we create positive and negative shocks for
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Figure 3 - Time series data of Agriculture GDP (WDI, 2018).

all variables and decompose these shocks via white
noise error:

X, =X, ,+0,=X, +§éﬂ @
Each shock can be identified by analyze as positive
and negative shock, whether the shock grater or lower

than initial values as below:

o) = max(éﬂ,o) and 6, =min (éﬂ ’O)

And such that
T I
X}I = Xj:H +‘3J,z = Xjﬂ + éj; + Zéj:.
=1 i=1

A3)
These negative and positive shocks can be
accumulated:

X, = ;é M and X = ;é; @

We test asymmetric causality in time
domain by employing vector autoregressive (VAR)
model using Schwarz information criteria (SIC)
optimal lag length. After selection of optimal lags, we

run Wald test capture causality under the VAR model.

VAR model specified as below:
X :C+B1-X£1 +32X£2 ‘L"'BLXL Jerk ®)]

Where k is the type of component x! i.e.
negative, positive or initial values of the time series
data, and B, is the matrix of parameters. The simplified
VAR model as below:

X=DZ+d
The null hypothesis of no causality, thus are tested as
in the following form:

Wald =(RB) [R(ZZ)"'n SRT' (RP) (6)

Where R is shown as matrix of parameters,
B represent for column, S is variance matrix of
unrestricted model and & is Kronecker. There
is an issue in Wald test when heteroscedasticity
(ARCH) exist and normality is rejected, that’s why
bootstrapping is necessary.

HYPOTHESIS

Our study is based on below hypothesis
which are:
Ho There is no influence of maize production on
agriculture gross domestic product.
H1 There is influence of maize production on
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agriculture gross domestic product.

Ho There is no influence of rice production on
agriculture gross domestic product.

HI There is influence of rice production on agriculture
gross domestic product.

Ho There is no influence of wheat production on
agriculture gross domestic product.

H1 There is influence of wheat production on
agriculture gross domestic product.

RESULTS AND DISCUSSION

Before starting the interpretation of result
first we explain the descriptive statistics of dependent
and independent variables and also included the unit
root test results however, in the next step we will
show the result and interpretation of asymmetric co-
integration NARDL model (SHAHBAZ et al., 2017;
SHIN YU et al., 2014).

Table 1 reveal the descriptive statistics of
dependent and all independent variables. Agriculture
GDP minimum, maximum and standard deviation
values are 2981.334$, 73133.29% and 18294.24%
respectively while, figure 3 shows upward movement
trend in time series data. Wheat production’s standard
deviation and mean values in thousand tons 2263804
and 6362045 respectively while the graph indicates
upward movement trend from 1970 to 2017 in figure
2. The mean values of Rice and Maize in thousand
tons are 6362045 and 2038802 respectively while
the standard deviation values for both variable are
2263804 and 1531350. Figure 1 indicates the both
crops production line graph which show constantly
upward trend from the beginning to end and its mean
the government policy and farmers trying to improve
the per acre production.

Table 2 shows the results of Phillips-Perron
(PP) (PHILLIPS & PERRON, 1988) and Augmented
Dickey Fuller (ADF) (DICKEY & FULLER, 1979)
test. These test find out the stationary of time series

Table 1 - Descriptive Statistic of Dependent and Independent Variables.

data that at how much level data are stationary if the
results show that stationary level at first difference it
will be allowed for co-integration and NARDL model.
Results obtained from the ADF and PP test that all
variables are stationary at first difference level 1(1).
Whereas all variables are stationary at 1* difference
further test and hypothesis could be perform.

CO-INTEGRATION RESULTS

In this section we explained the values
of maize, rice and wheat production 79.5 % R*=
(0.7950) with Agriculture GDP. However the maize
production, rice production and wheat production
explained 79.5 % of AGDP while the error value is
here in the model showed the remaining variance in
AGDP (20.5%) growth. The result of DW test value
is 1.6504 which mean auto-correlation is not present
in the model. If the auto-correlation is not available in
variables it could be the cause of growth in agriculture
value added GDP and also there is no presence of
white heteroscedasticity and serial correlation in the
model. Due to Ramsay test the production function
is sound and fit. The WD is very important for long
and short run asymmetry where we could use for non-
linearity and asymmetry which is important when
model are performing the relationship between the
maize, rice and wheat production with Agriculture
value added GDP variable. Further results in detail
are showed below.

Long run relationship of variables with AGDP

In this section we discussed the long run
relationship of variables with agriculture value added
to GDP. The occurrence of positive shocks in maize
production showed have positive and significant
influence on AGDP while the coefficient value is
0.4195 the study is in line with (SIXTUS, 2010). The
enhancement of maize production in country because
60% above of total population people are living in

Variable Mean Std. Dev. Min Max

AGDP 22298.08 18294.24 2981.334 73133.29
Rice 6362045 2263804 3298400 1.12e+07
Maize 2038802 1531350 705100 6134000
Wheat 6362045 2263804 3298400 1.12e+07

Source: Calculated by Author.
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Table 2 - Unit root test Trend and Intercept.

Variables Levels
Level
Y 1* Difference
R . Level
1* Difference
Level
w 1* Difference
Level
M

1* Differnce

ADF PP
223611 -2.6021
-5.7110™ -5.6419™
-4.4492""" -4.5114™
-10.0696™" -14.0348™
-3.7235" -3.8335™
-9.3213™ -20.3249™

-1.744 -20.3249™
-7.3106™" -7.3106™"

Note: Symbol reveals statistical significance. ""1% level, ""5% level and “10% level.

rural area and their livelihood directly and indirectly
connect to agriculture. It is documented that maize
had positive relationship with AGDP (REHMAN ET
AL., 2016). The maize negative shocks coefficient
value is (-4.3870) which has highly negative
significant influence 10% level on AGDP. It is clear
cut identified when maize production decreased
automatically the agriculture gross domestic product
could be decrease. It is warning to the policy maker of
agriculture sector to be ready for this negative shocks
if it occurs in future.

The positive shocks and negative shocks
coefficient values of rice production are (0.2778) and
(0.5556) which have positive and significant influence
at 1% and 5% on AGDP. These results concluded that
the positive and negative shocks to rice production
play a key role in the long run on agriculture GDP.
The area for rice production is increased because the
government provided subsidies in inputs and as well
as the highly demand at domestic level and due high
consumption while Pakistani rice is very famous all
over the world (GOP, 2018). Wheat production has
positive impact on agriculture gross domestic product.
Positive shocks in long run to wheat production has
positive and highly significant effect the AGDP as
well as negative shocks has positive and significant
impact. The coefficient value of wheat production
for positive shocks and negative shocks are 0.8145
and 1.4024 respectively. It is reported that wheat
production has positive relationship with AGDP for
long term (REHMAN ET AL., 2016). The increase
in production quantity is totally depend upon the
inputs such as fertilizer, machinery, seed and water
availability if the agriculture administration focus
on these input at suitable rate and provide on timely
bases in future then agriculture sector and in future
the country GDP could be increase.

Short run relationship of variables with AGDP
Inthis section it is explained that the short run
relationship of independent variables with dependent
variable. A positive shocks in maize production has
positive and significant impact on agriculture gross
domestic product. The maize coefficient value in
short run is 0.4257 and while the probability value
is 0.0169. The negative shocks in short run of maize
production has negative significant influence on AGDP
of Pakistan. However the coefficient and probability
values are -1.5589 and 0.0176 respectively. While
the negative shock in maize production at (lag 1) has
positive and significant at 10% influence on AGDP
with coefficient value is 2.7142 and the study is line
with (ANYANWU, 2010). It is concluded that the
government did not focus to farmers and did not
provide subsidies in inputs and credit scheme at low
interest rateso that is why low production occurred
in the short run while Pakistan agriculture sector
is profitable sectors. The rice production with the
occurrence of negative shock at (lag 1) has negative
impact on agriculture GDP growth. It is revealed that
positive shocks of wheat production in short run has
positive and significant effect on AGDP growth at
10% level. It is indicated that the wheat production
efficiency is good that is why production has positive
effect on agriculture gross domestic. The negative
shocks in wheat production at (lag 1) has negative
significant at 5% at level influence on AGDP.
Pakistan agriculture sector have a lot of
problems such as water availability, undeveloped
infrastructure, poor policy of agriculture system and
increasing the input price (CHANDIO & JIANG,
2018). The agriculture policy makers need to design
a long term and short term plans for the improvement
of country agriculture system and specially target
the famers benefit because half of the total Pakistan
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population is living in rural area and these people
directly and indirectly connect with agriculture sector
(GOP, 2017) (Table 3).

Asymmetric  causality among dependent and
independent variables

In this section we interpreted the results
of symmetric and symmetric causal relationship of
independent variables and dependent variable with
Agriculture gross domestic product. From table 4 it
is concluded the positive shocks in rice production
did not have positive effect on AGDP while it is
considered neutral impact. However there is no
relationship between rice and AGDP thus the null
hypothesis is accepted in asymmetric causality. The
negative shocks in rice production has neutral effect
on agriculture GDP and there is no granger causality
relationship between these two variables. However the
positive shocks in agriculture GDP has neutral effect
on rice production while this asymmetric causality
have not bidirectional and unidirectional effect. The
above three relationships are show the null hypothesis
acceptance. But the negative shock in AGDP growth
has caused positive and significant influence on rice
production which show unidirectional effect in the
presence of symmetric causality.

The positive and negative shocks in rice
production has neutral effect on AGDP growth and

Table 3 - Co-integration Result.

Variables Co-efficient
Constant 8.8779™"
Y, -1.0770™"
M 0.4195™"
M7 -4.3870™"
RS 0.2778"
Ry 0.5556""
Ry 0.8145™"
wt 14024
w, 0.4189™
AY,_; 0.4257"
AM; -1.5589™
AR, 27142
AM{ -0.2805
AW 1.1583™"
AW, -0.5097""
R? 0.7950
D.W 1.6504

while there is no granger causalities relationship is
found and automatically the null hypothesis is accepted
for these two relationship. Itisrevealed that the positive
and negative shocks in AGDP have neutral effect with
rice production. In this case null hypothesis is accepted
between the variables in asymmetric causality. The
unidirectional and null hypothesis reject is found in the
positive shock of wheat production to AGDP growth.
It is reported that wheat production positive shock has
granger causality and positive significant influence
on AGDP growth. The wheat negative shock value
1.8964 has neutral effect with agriculture growth and
while null hypothesis is accepted. It is indicated that
positive shock P-value is 0.4404 of AGDP has granger
causal relationship with wheat production. In the last
of table 4 the results of AGDP P-value is0.0243 has
positive significant granger causal relationship with
wheat production this relationship is unidirectional
between these two variables.

Symmetric ~ Causality —among dependent and
independent variables

Intable 5 the long run shocks of rice production
P-value is 0.1683 has neutral effect on agriculture GDP
while the null hypothesis is accepted. The government
should provide a subsidies in input, facilitate the rice
farmers where they problems. In long run the maize
production test value is 0.0015 which has unidirectional

T-Statistic Probability
9.1773 0.0000
-9.1536 0.0000
4.0340 0.0003
-6.9228 -6.9228
1.9928 0.0551
2.6739 0.0119
4.7151 0.0000
3.5150 0.0014
4.2008 0.0002
2.5249 0.0169
-2.5065 0.0176
3.8567 0.0002
-1.4503 0.1570
3.2943 0.0025
0.0025 0.0491
Adj — R? 0.7024

wkE L kx

Note: + and — sign indicates the positive and negative shocks respectively, Significant level are ~"1,”5 and "10.
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Table 4 - Asymmetric Causality Test Analysis.

Hypothesis Test- Value
Rt#YH 4.5942
R-#Y~ 0.9837
Y*#R* 54511
Y- =R 8.1591°"
M*ta Yt 5.8049
M- #Y~ 0.4082
Y- &M 3.8459
Y~ &M 1.4184
wt=y* 8.3534™
W-#Y" 1.8964
Yt wt 2.6989
Y= W™ 9.4112™

P-value Decision

0.2037 Accept null
0.8052 Accept null
0.1416 Accept null
0.0428 Reject null
0.0428 Accept null
0.9385 Accept null
0.2786 Accept null
0.7012 Accept null
0.0392 Reject null
0.5942 Accept null
0.4404 Accept null
0.0243 Reject null

*k

Note: = and # represent the directional and neutral effect, Significant level are "*1,”"5 and "10. (Asymmetric causality).

effect with agriculture gross domestic. It shows that
maize production has influence in total AGDP for long
time. The test value of agriculture GDP is (0.9553)
which has symmetric causal relationship with maize
production while the null hypothesis is accepted. Wheat
production has not granger causality with AGDP while
the null hypothesis is accepted and P-value is 0.6843 of
AGDP. One big reason behind this result that demand
for maize in household and industrial requirement is
increased. The P-value of wheat production is 0.1807 has
no directional relationship with agriculture added value
to GDP. In the asymmetric causality relationship the
alternate hypothesis rejected in this relationship.

The diagnostic test results are indicated
in table 6. It is revealed that the results of residual
Engle and Breusch Godfrey have not auto-correlation
in the data. However the values of serial correlation
and hetroscedasticity probability are 0.34 and 0.58

Table 5 - Symmetric Causality Test Analysis.

Hypothesis Test- Value
R#»Y 5.0482

Y =R 9.4607"
M=Y 15.422™"
Y#M 0.9553
W»Y 4.8814
Y#»W 1.4913

Note: = and # represent the directional and neutral effect, Significant level are

significant respectively. The values of Ramsay test
and Wald test are suitable and correct while the
probability values are 0.0046 and highly positively
significant respectively. It is concluded from these
test that all the data are normally distributed.

Figure 4 reveals the 5% interval confidence
plotted lines of cumulative sum and cumulative
squares of model function. This graph show variables
lines for the period 1970 to 2017. Line cumulative
sum and line for cumulative squares are steady
because the both lines are traveling between 5%
confidence interval levels and while the results of
model are reliable in present situation.

CONCLUSION AND RECOMMENDATION

By employing production function as
a Non-linear Auto-Regressive Distributed Lag

P-value Decision

0.1683 Accept null
0.0238 Reject null
0.0015 Reject null
0.8121 Accept null
0.1807 Accept null
0.6843 Accept null

1,

5 and "10. (Asymmetric causality).
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Table 6 - Diagnostic Test.

ARCH test
x? — statistic Serial Correlation
x? — statistic Heteroscedasticity
F — statistic Ramsey RESET test
F — statistic Wald test

Source: computed by Author(s).

(NARDL), we examine the nexus between AGDP
and rice, maize, wheat production 1 for time-series
data from 1970 to 2017 in the case of Pakistan. We
investigate the short-term long-term and equilibrium
relationship. Our results reveal that a strong
asymmetric co-integration relationship exists between
the variables. Moreover, asymmetric causality is
investigated for three cereal crops and AGDP.

Value Probability
2.1156 0.3472
12.2042 0.5899
9.3737 0.0046
12.6015 0.0000

If we just focus on symmetric result
however, it would be very difficult to determine that
negative shocks in wheat AGDP has negative influence
on wheat production. But the positive shocks in
Agriculture GDP do not have positive effect on wheat
production. It is revealed from this result that negative
shocks have negative effect, while the positive in
Agriculture GDP do not positive effect. In this case

Figure 4 - CUSUM and CUSUM Squares test results.
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the Pakistan agriculture council should stable and
maintain the wheat production according to domestic
consumption and requirement for industries.

The relationship between rice production
and AGDP growth, the outcome show in asymmetry
is very important. Positive shocks in rice do not
have positive and as well as the negative shocks
in rice have the same result. This result proved
that rice production positive and negative shocks
do not have put contribution in the agriculture
AGDP so the policy maker should focus the
important policy of rice and provide subsidies in
inputs. Conversely, regarding maize production,
a unidirectional symmetric causal relationship
is found with Agriculture GDP, which mean that
maize crop is playing a key role for attaining long
run agriculture gross domestic product growth. For
maintainable AGDP growth, we recommend that the
Pakistan agriculture council invest money for better
agriculture system. Moreover, the policy makers
should expand the maize production by putting
more subsidies into input for maize.

Therefore, policy makers, researchers and
government personnel should focus on cereal crops
in Pakistan. Second, in the case of NARDL model,
it is recommended that crops production have a
robust long-run and short term relationship with
agricultural GDP of Pakistan. Consequently, it needs
more attention to maintain the long-run and short
term relationship in future. In conclusion, this study
recommends that to boost export of the country, the
government of Pakistan should launch new projects
for the development of the agricultural sector in
general and in the horticulture sector in particular.
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