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Abstract

The present study was undertaken to investigate forecasting of major food crops production KPK Pakistan. Time series data were used from
1984-85 to 2015-16, for empirical analysis. The data were analyzed by using statistical packages Gretl.1.9.4 and SPSS. Whereas, the growth models
have been employed to fit the best growth model and Cuddy Della Vella Index was applied to find variability in major food crops production [1].
Moreover, auto regressive integrated moving average (ARIMA) model has been employed to fit the best time series model. Based on the results
of analyzed data, it was found that in for both wheat and sugarcane crops Production, the cubic growth model was found suitable based on the
R2 criteria and fitted trend line. After selecting best fitted model for each crop, the growth rate was calculated by using the selected fitted models
which were found to be 10.97% and 45.31% respectively. Moreover, the variability for each food crops production was found to be 1.53% and
0.44% respectively. Also, Different ARIMA models were examined for Wheat and Sugarcane. Among the studied models the ARIMA (0, 2, 1) for
both food crops were found to be best on the basis accuracy measures criteria i.e. Akaike Information criteria (AIC) and Schwartz Information
criteria (SIC). From the results of analyzed data, time series models were found adequate for forecasting major food crops production in Khyber
Pakhtunkhwa.

Keywords: Diagnostics measures; Auto regressive integrated; Accuracy measures; Moving average; Parameter estimates; ADF test; Cuddy della
vella index

Abbreviations: ARIMA: Auto Regressive Integrated Moving Average; AIC: Akaike Information Criteria; SIC: Schwartz Information Criteria; ACF:
Auto Correlation Function; PACF: Partial Auto Correlation Function
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Introduction
grains are developed in different regions of the province as com-

pared to barley, bajra and jowar which are not mature compre-
hensively. The most important wheat varieties developed in Khy-
ber Pakhtunkhwa are Fakhre- Sarhad, Auqab-200, Bakhtawar-92,
Khyber-87, Haider-2002, Saleem-200 and Tatara. The major sug-
arcane varieties grown in Khyber Pakhtunkhwa are CP77-440, CP
51-52, CP65-357, SPF 238, HSF 240 ans SPF 242. Food-grain crops
generally wheat, rice, maize and sugarcane are dissimilar in stipu-
lations of price and production on the identical dimension of land.
According to Hazell [3], who observed that due to their vast scope
and adoption of modern prevailing technology, the variability in
production of world cereal as well as Indian food grain were also
been increased.

Agriculture sector plays significant role in the economy of
each and every country. Agriculture occupies central position
in Pakistan and contributes nearly 20.9% to the GDP and about
43.5% of the labor force is engaged in agriculture (Pakistan
Economic Survey, 2014-2015). Agriculture sector contributes
significantly in the economy of Pakistan and also considered
as the largest sector as well as the hub of economic activities.
With the increase in the growth rate of population, it was found
the growth rate of agriculture had slowed down i.e. over 3% in
1980’s, while, during the year 2012-13, it was reported to be 2%
which was still comparatively high. Moreover, it was reported
that in the scenario of current rate of increase in the population
growth, it can be expected that Pakistan will attain fifth position
from current running status of sixth most populous country in the Mehmood [4], used uni-variate model to forecast the exports
world ranking by the year 2050 [2]. of Pakistan to SAARC and argued that the ARIMA model was found
suitable for forecasting time series data. Similarly, ARIMA model

The main food crops of Khyber Pakhtunkhwa province are ] . o )
technique has also been used widely in literature for forecasting

sugarcane, wheat, rice and maize. Diverse varieties of these food
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area and production. Furthermore, efforts have also been made to
estimate production and productivity of sugarcane using ARIMA
models [5,6]. Also, attempt regarding ARIMA models including
forecasting of sugarcane production in Pakistan [7], forecasting of
area, production and productivity of different crops for Tamilnadu
State [8], forecasting of wheat production in Canada and Pakistan
[9,10], forecasting agricultural production at state level [11],
estimating sugarcane area and yield for Pakistan [12], estimating
and modeling of wheat yield in Pakistan [13], sugarcane yield
estimation for Tamilnadu, and predicting productivity in India
[14].

Materials and Methods

We used annual time series data which are from 1984 to 2014
i.e. time series data of 30 years, for to forecast the increase in
production for onward ten years which include major food crop
including wheat, maize, sugarcane and rice by considering all
related factors as constant in Khyber Pakhtunkhwa, Pakistan. The
data were collected from different secondary sources such that
various issues of Crop Statistics, Crop Reporting Service of Khyber
Pakhtunkhwa and were analyzed by using Statistical Packages
SPSS version 21 and Gretl 1.9.4.

The study has been carried out by using different growth
models including Linear growth model, Quadratic growth model,
Cubic growth model, Power growth model, S-curve model,
Logarithmic growth model, Exponential growth model, Compound
growth model, Growth curve, Inverse curve, Logistic Curve to find
out the best fitted model for production of major food crops of
Khyber Pakhtunkhwa. By selecting the best fitted growth model
based on the criteria of R? and fitted trend line to forecast the food
crops production for onward ten years.

Autoregressive integrated moving average (ARIMA)

ARIMA model is a generalized form of Auto regressive
moving average (ARMA) model introduced by Box & Jenkins [15],
which includes both autoregressive as well as moving average
parameters, and also includes the differencing in the formulation
of this model. ARIMA model is summarized as ARIMA (p, d, q).
In ARIMA (p, d, q) model, where p, d and q are the non-negative
integers referred as the order of the autoregressive integrated
moving average process. It is an important part of Box & Jenkins
[15] approach to time series modeling. It can be written as:

d
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Result and Discussion

Where, A’ represents differencing of order d i.e. AY =Y -¥,
, A =ar -y and so forth, ¥_...¥_ shows lags of the variables.
Also, a;, f and ¢; are the parameter estimates and error term
of the model.

Generally, ARIMA model technique has extensively been
employed in literature to forecast the specific area as well as
production related to different major crops [16,17].

Stationary test

The first step in Box- Jenkins methodology is to find whether
data follows stationarity or not. There are a number of tests which
can be used to decide about the stationarity of the variables.
Augmented - Dickey Fuller [18], abbreviated as ADF, is the more
popular test in literature due to its simplicity and powerfulness.

Mathematically
_ p
Ay =a + ﬂ.yt +at+ X ,Bin +e e 2)
There are three options in this equation;
a. 4% Is the intercept or drift parameter of the time series.

b.  tisthetime trend intime series. There may be downward
or upward linear trend in the data.

c. Itis also possible that both drift and time trend exist in
the data.

Diagnostic measures for selection of best forecasting
model

There are few diagnostic checks which each estimated model
has to fulfill and are as follows:

a.  Residuals are normally distributed (Jarque- Bera test).

b.  Residuals of the projected model are not serially
correlated (Q-Statistics).

Model selection criteria

Generally, the model selection criteria statistics are used to
compare the fits of different forecasting and smoothing method
and also contributes a great deal of information by comparing
the fits obtained through different methods [19]. For selecting
best suitable models the Accuracy measures including Akaike
information criteria (AIC) and Schwartz information criteria
(SIC) were employed. Smaller values of these accuracy measures
indicate a good fitted model with minimum forecasting error.

Growth model for wheat and sugarcane crops production in KP

Table 1: Model Summary and Parameter Estimates for Wheat Production.

Model Summary Parameter Estimates
Equation
R Square F dfl df2 Sig. Constant b1l b2 b3
Linear 0.192 6.67 1 28 0.015 989.972 6.876 0 0
Logarithmic 0.251 9.369 1 28 0.005 894.331 81.259 0 0
Inverse 0.235 8.592 1 28 0.007 1142.697 -346.515 0 0
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Quadratic 0.194 3.25 2 27 0.054 976.362 9.428 -0.082 0
Cubic 0.511 9.07 3 26 0 729.239 97.917 -7.103 0.151
Compound 0.184 6.327 1 28 0.018 984.863 1.006 0 0
Power 0.247 9.172 1 28 0.005 898.579 0.077 0 0
S 0.239 8.815 1 28 0.006 7.036 -0.333 0 0
Growth 0.184 6.327 1 28 0.018 6.893 0.006 0 0
Exponential 0.184 6.327 1 28 0.018 984.863 0.006 0 0
Logistic 0.184 6.327 1 28 0.018 0.001 0.994 0 0
Table 2: Model Summary and Parameter Estimates for Sugarcane Production.
Model Summary Parameter Estimates
Equation
R Square F dfl df2 Sig. Constant b1 b2 b3
Linear 0.353 15.262 1 28 0.001 4095.121 28.219
Logarithmic 0.56 35.611 1 28 0 3616.759 367977
Inverse 0.485 26.334 1 28 0 4733.425 -1508.75
Quadratic 0.591 19.467 2 27 0 3599.58 121.132 -2.997
Cubic 0.716 21.801 3 26 0 3129.472 289.467 -16.353 0.287
Compound 0.352 15.211 1 28 0.001 4077.031 1.007
Power 0.575 37.882 1 28 0 3637.385 0.087
S 0.509 29.011 1 28 0 8.462 -0.359
Growth 0.352 15.211 1 28 0.001 8.313 0.007
Exponential 0.352 15.211 1 28 0.001 4077.031 0.007
Logistic 0.352 15.211 1 28 0.001 0 0.993
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Figure 1: Cubic curve plot for wheat production. )

The growth analysis technique is employed to check best
fitted trend model for wheat and sugarcane production in Khyber
Pakhtunkhwa province of Pakistan. Among the growth models
including linear growth model, Quadratic growth model, cubic
growth model, compound growth model, exponential growth
model, power growth model, S-Curve model, inverse trend model,
growth model, logarithmic growth model, logistic growth model
etc,, the best fitted model on the basis of R? criteria and fitted trend
line the cubic growth curve and exponential growth curve were
found to be best fitted curve for each crop i.e. wheat and sugarcane

crops, presented in Table 1 & 2 along with their respective Figure
1 & 2 respectively [20].

The parameter estimates of all selected models presented in
Table 1 is found to be significant, except Quadratic growth model
having p < 0.05. Also, cubic trend model is found to be the best
suitable one among the studied trend models, on the basis of fitted
trend curve and accuracy measures.

Figure 1 shows that the fitted line provides a good fit as it
passes through majority of the data points. Moreover, based on the
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parameter estimates of best fitted growth model, the growth rate
for wheat production is calculated to be 10.97% having significant
contribution in wheat production over last 30-years. The growth
analysis of sugarcane production is made after selecting best

fitted model among the studied models; it has been found that
exponential growth model is the best fitted model on the basis of
R? criteria and fitted trend line. Trend curve and also its parameter
estimates are presented in Table 2 and Figure 2.
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Figure 2: Cubic curve plot for sugarcane production.
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From Table 2, it is showed that parameter estimates of all
the selected models are found to be significant at 5% level of
significance. Also, the cubic growth model is calculated to be best
suitable model among the studied trend models, on the basis of
accuracy measures and best fitted trend line.

Figure 2 shows that the fitted trend line provides good fit as
compared to other selected models and it passes through majority
of the data points. Furthermore, growth of sugarcane crop
production is found to be 45.31% which shows higher growth
rate as compared to other major food crops under study and it is
encouraging factor for boosting economy of Pakistan.

Variability of Major Food Crops Production in Khyber
Pakhtunkhwa

The variability of major food crops production has pivotal
role for sustainable production as well as for the economy of
the country. Therefore, an effort has been made to estimate the
relative variability in major fruits production presented in Table
3. The variability in production of wheat and sugarcane crops of
Khyber Pakhtunkhwa is estimated with effect from period 1984-
85 to 2013-14. It is observed that wheat and sugarcane crops
production possess variability (1.53%) whereas; the sugarcane
crop production having the variability index of (0.44%).

Table 3: Variability Index for wheat and sugarcane crops of Khyber Pakhtunkhwa.

Food Cro CV (% AdR? / 2
P (%) Variability Index (/) = CV = *V1— AdR
Wheat 12.586 0.985383 1.53
Sugarcane 9.2278 0.997722 0.44
ARIMA modeling for wheat crop production
e N
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Figure 3: Graph of original series for wheat crop production.
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Figure 4: Graph of 1% order difference series for wheat crop production.
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At first, it is very essential to find out the stationarity in wheat
crop production. It is important to consider that which order
difference of time series sequence of wheat crop production
satisfies the stationarity conditions. The Dickey fuller unit root test
is performed and plot of time series of wheat crop production and
is shown in Figure 3 & 4 respectively. From the results of Dickey
fuller test, it showed that the original series is non-stationary due
to unit root in the data (Table 4).

Table 4: Dickey Fuller Test for Wheat crop Production.

By taking order first difference, it was found that stationarity
condition is satisfied with the p-value =0.000044, which strongly
suggested that there is no unit root (Figure 5). Moreover, it is clear
from Auto correlation function (ACF) & Partial auto correlation
function (PACF) of the differenced series that a tentative selected
ARIMA model among the subset models, to forecast the wheat
crop production in Khyber Pakhtunkhwa is ARIMA (0, 2, 1).
Based on the Accuracy measures, it is obvious that ARIMA (0, 2,
1) is an adequate model for wheat crop production at 5% level
of significance. Table 5 shown below is the model parameter

. . Null Hypoth-
Production Series es}ils P-Value Remarks estimates along with their significance. In literature similar
. ; ; studies had been carried out by Yaseen et al. [3], Karim R, Awala
Original Series a=1 0.1512 Non-Stationary L
A, Akhter M [18] & Bajpai and Venugopalan [4], had used the same
Ist Order Difference a=1 0.00004374 Stationary criteria for forecasting wheat production.
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Figure 5: ACF & PACF Plot of 1%t order difference series for wheat crop production.
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Table 5: ARIMA (0, 2, 1) Model using observations 1986-2013 (t = 28).
Dependent Variable: Second Order Difference for Wheat Crop Production
Coefficient Std. error Z P-value
const 0.311069 2.62655 0.1184 0.9057
ql -1 0.105667 -9.464 2.97e-021 ***
Akaike criterion 355.0832 Schwarz criterion 359.0798
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Model diagnostics

To check the auto correlation assumption, the “Ljung-Box”
test is used. Test statistic gives Q" = 15.55, with p-value = 0.556,
which suggested that we may accept the assumption that there is
no autocorrelation among the residuals of the fitted ARIMA model
at 5% level of significance. To check the normality assumption,

the Jarque Bera test is used. The test statistic value = 0.690693,
with p-value 0.707975, suggesting normality assumption of the
residuals is valid. Graphical residuals diagnostics are shown in
Figure 6 & 7. The Q-Q plots and histogram of residuals also show
normality. So, it can be concluded from the graphical and formal
tests that the selected model ARIMA (0, 2, 1) is and adequate
model to forecast wheat crop production in Khyber Pakhtunkhwa.
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Figure 6: Q-Q plot of residual.
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Figure 7: Histogram of residual.
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Forecast for Wheat Crop Production
Table 6: Forecast for Wheat Crop Production with effect from 2014-2023.
Year Predicted Production Std. Error 95% Interval
2014 1381.7 116.11 1154.1-1609.3
2015 1400.6 164.21 1078.7 -1722.4
2016 1419.8 201.11 1025.6 - 1814.0
2017 1439.3 232.22 984.2 - 1894.5
2018 1459.2 259.64 950.3 - 1968.0
2019 1479.3 284.42 921.9 - 2036.7
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The selected model is used for forecasting the wheat crop
production. In Table 3, the predicted values, standard errors,
lower and upper confidence limits for ten years onward values are
given, for Khyber Pakhtunkhwa based on the sample data Table
6. By comparing the original and forecasted series it is obvious
that the original series of wheat crop production shows increasing
tendency with the passage of time and following the same pattern
in the next stages and finally showing increasing pattern. Similarly,
the forecasted series shows the same pattern. In the forecast plot

the in sample and out sample forecasting part is shown in Figure
8.

ARIMA modeling for sugarcane crop production

The time series plot for sugarcane production is presented in
Figure 9 & 10, indicates trend in data and does not show constant
mean and variance over time i.e. up-ward trend initially and then
down-ward trend in the end which indicates non-stationarity. The
first order difference of the data makes the series stationary.
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Table 7: Dickey Fuller Test for Sugarcane Production.

Production Series | Null Hypothesis | P-value Remarks
Original Series a=1 0.3375 Non-Stationary
Ist order difference a=1 0.01388 Stationary

The results of Dickey fuller unit root test showed stationarity
at first order difference as its p-value = 0.013288, which suggest

that there is no unit root at first order difference and have constant
variance as shown in Table 7.

The tentative model based on ACF and PACF plot are given in
Figure 11 is ARIMA (0, 2, 1). Also, various subset ARIMA models
were fitted among which the ARIMA (0, 2, and 1) having lowest
accuracy measures i.e. AIC and SIC’s and was suitable as compared
to other subset models Table 8. Similar studies had been carried
out by Ullah et al. [13], for estimating sugarcane in Pakistan and
for sugarcane productivity in India.
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Figure 11: ACF & PACF Plot of first order difference series for sugarcane production.
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Table 8: ARIMA (0,2,1) Model using observations 1986-2013 (t= 28).
Dependent Variable: Second Order Difference for Wheat Crop Production
Coefficient Std. Error Z P-Value
const 0.226996 5.90897 0.03842 0.9694
ql -1 0.119297 -8.382 5.19e-017 ***
Akaike criterion 402.8506 Schwarz criterion 406.8473

Model diagnostic

The Ljung- Box test Q' = 11.5 has p-value = 0.830 showed
that there is no autocorrelation among the residuals of the fitted

ARIMA model at 5% level of significance. By applying Jarque-Bera
normality test of residuals it is found that Jarque-Bera test = 4.37
hasp-value=0.1123 whichindicates thatthe normality assumption
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of residuals is valid. The Q-Q plot and histogram in Figure 12 & 13
show picture of approximate normality for residuals. Thus, our

fitted model ARIMA (0, 2, 1) is an adequate model for forecasting
Sugarcane production in Khyber Pakhtunkhwa.
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Table 9: Forecast for Sugarcane Production with effect from 2014-2023.

Year Predicted Std. Error Confidence Interval
2014 5402.3 272.48 4868.3 - 5936.4
2015 5443.5 385.34 4688.3-6198.8
2016 5484.9 471.94 4559.9 - 6409.9
2017 5526.5 544.95 4458.4 - 6594.6
2018 5568.4 609.27 4374.2 - 6762.5
2019 5610.4 667.43 4302.3-6918.6
2020 5652.7 720.9 4239.8-7065.7
2021 5695.3 770.68 4184.8-7205.8
2022 5738 817.43 4135.9 - 7340.2
2023 5781 861.64 4092.2 - 7469.8

The selected model is used to forecast the sugarcane
production for onward period of ten years i.e. from 2014 to
2023. The predicted values, standard errors, lower and upper
confidence limits are presented in Table 9. Moreover, it is possible
to compare the original and predictions for sugarcane production
are graphically given in Figure 14. By comparing the original and
forecasted sugarcane production, it is quite clear that sugarcane
production shows upward production tendency and the forecasted
series also shows the same upward production tendency. The
in-sample and out-sample forecasting shows same pattern for
forecasting sugarcane production in Khyber Pakhtunkhwa [21,22].

Conclusion and Recommendations

Fromthe analyzed data of each selected food cropi.e. wheatand
sugarcane, the best model for each was calculated on the basis of
best fitted trend line and accuracy measures. The best fitted model
for each food crops were cubic growth model respectively. Based
on the parameter estimate of best selected model for both food
crops, the growth rates were calculated and found to be 10.97%
and 45.31% respectively. Moreover, the variability measure
for wheat crop production was recorded higher ie. 1.53%, as
compared to sugarcane which possess least variability i.e. 0.44%.
It may be due to fluctuating crop acreage, area and productivity.
From the time series modeling of both wheat and sugarcane crops
production it can be concluded that for each food crop i.e. wheat
and sugarcane, the forecasting model ARIMA (0, 2, 1) were found
adequate for forecasting purpose based on forecast evaluation
criteria. Also, it can be recommended that these selected models
could be used by researchers, business men, policy makers and
food crop producers for information, planning their resources
as well as decision making regarding food crops production in
Khyber Pakhtunkhwa. Also, at the same time Box-Jenkins ARIMA
model give good representation of short time forecasting.
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