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RETRACTED: Green finance,
green energy, and green
revolution: An impulse response
function of food security in
developing economies

Yu Huan?, Zhaojun Sun?*, Muhammad Ali*
Zia Ur Rahman®

odel affirmed cointegration between the green revolution, green finance, and
een energy with food security. According to the results, food security will rise by
0.17%, 2.05%, 0.006%, and 0.023%, with a 1% increase in fossil fuel utilization, green
finance, improved seeds, and water availability, respectively. Furthermore, based
on the diagnostic statistics, the Johansen model's credibility, stability, and reliability
were corrected. In light of these findings and the impulse response function, all
relevant factors will favor future food security. Finally, this study suggested that the
public and commercial sectors should invest significantly in R&D to produce
organic chemicals and agricultural methods that preserve soil fertility and reduce
environmental degradation.

KEYWORDS
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Introduction

An economy’s socioeconomic development and economic progress would be impossible
without the agricultural contribution (Singh et al., 2016; Ali et al., 2020). Agriculture is still the
primary source of income and provides raw materials for many other businesses in the
economy, making it the most critical industry. However, in emerging nations such as Pakistan
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and India, agriculture employs a considerable portion of the
workforce. People in rural and urban regions also rely on
agriculture (Abe et al, 2009). For example, Pakistan, the world’s
fifth-most populous nation, has a greater need for food. Therefore,
agriculture has become the backbone of the economy (GOP, 2020).
Pakistan’s agricultural output has fallen compared to other emerging
countries in the recent decade. However, it has stayed steady and has
increased at a respectable annual rate of 5.1% due to technical
developments, subsidies, and agricultural research (Xie and Huang,
2021; Baharudin and Waked, 2021; Liu et al,, 2021). On the contrary,
there are many obstacles such as lack of credit, water shortage, lack
of seeds and fertilizers, pesticides, low fertility of the land, power
deficiencies, and oil price volatility in the agricultural flourishment
(Admassie and Abebaw, (2021).

A growing global population is also putting a tremendous strain
on agricultural resources. Therefore, it has become a significant
economic cash generator (export). To put it another way, the
agriculture part of the gross domestic product has decreased,
accounting for just 19.3% of GDP (GOP, 2020). Nevertheless,
agriculture has much more potential to be realized with the most
recent technological innovations. Agriculture supplies raw materials
(Micari et al., 2020), which employs the most significant number and
provides the majority of industries. Poverty reduction is made possible
by its expansion, which may also enhance the socioeconomic standing
of a large proportion of the population (GOP, 2020). In addition,
agriculture helps build other sectors by supplying raw materials apd
creating the demand for industrial goods in non-agricultural area

According to the most recent figures, wheat contributes 8.7% o

yielding varieties are the prim
revolution (GR) (Konappa

The study’s objeg
on FS, which is either affected by the availability of green finance
(GF) or green energy. In addition, do fossil fuel prices affect FS? Is
there a link between the exhibition and economic development due
to a lack of fertilizer and pesticides in the presence of big dataset

¢ is to examine the GR’s dynamic impact

and components of GR? For the most part, this article is composed
of a review of related literature, data analysis, methodological

considerations, findings, discussion, and recommendations.

Literature review

The agricultural economy of Pakistan is well-known across
the world. A significant amount of study has been done on
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various econometric approaches and variables to have a solid
foundation. Wheat, cotton, and rice have favored economic
development (Lestari, 2019). Many factors contribute to the
success of a farmland’s agricultural production, including
water availability, the availability of fertilizers, pesticides, and
GF (Bader et al., 2021; Bindraban et al., 2020; Geisseler et al.,
2022). FS is influenced by the availability of education,
productivity, farm sizes, and fertilizers (Diallo et al., 2020).
Fertilizers favorably influence farmers’ labor and revenue and
are the solution for soil deficiency. Without fertilizers, a
significant increase in FS is unachievable (Manimaran et al,
2019).

However, developing nations such as Pakistan, India, Sri
Lanka, and Bangladesh have limited access to GF (Khan and
January 2018). A little limited or low access to GF, it is hard to
alykova, 2020).

fficiency are

modernize agriculture in rural

et al, 2022). A

production (Gong

ore, they purchase their inputs on the
ouble prices (Ye et al., 2018).
F or its availability enhances the employment of

Adebayo et al., 2020; Yakasai, 2010). With GF, better crop verity,
and more effective herbicides and fertilizers, peasants can
increase their agricultural production (Huang et al, 2020;
Tyapkina et al, 2021). Small farmers’ access to financing is
critical in supporting macroeconomic development that is
driven by agriculture, and small-scale wheat farmers in
Pakistan
consumption is so high (Tesfaye et al., 2021; Merrey and
Lefore, 2019; Wambua et al., 2021).

The agricultural industry is expected to develop by 4.40% in
2021-2022, both the projected growth rate of 3.5% and the
previous year’s growth rate of 3.48%. The
availability of certified seeds, insecticides, and GF and the
favorable government regulations contribute to agricultural

produce wheat for survival because grain

increased

development. From 2021 to 2022, crops are expected to
expand at a 6.58% annual rate, compared to a 5.96% growth
rate in the previous year (GOP 2020). Wheat production is
reduced when insufficient water is available for its cultivation
(Han et al., 2018; Khan et al., 2019; Jiang et al., 2020; Xiong et al.,
2020; Bouzidi and Campana, 2021; Hoppert and Einfalt, 2021).
Micro-water shed management may assist in dealing with such
water shortages (Korai et al., 2021; Chakraborty et al., 2022;
Wang et al., 2020). Water intensity per cropped area may be
increased using this strategy, which results in an increased total

frontiersin.org


https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.982785

Huan et al.

production (Niu et al., 2021; Zhou et al., 2021; Kurzweil et al.,
2021; Gao et al., 2021).

Consequently, we can say that many researchers utilized
factors that resemble each other. Moreover, wheat production
never deals with the GR and FS, especially in the developing
economies in the context of fossil fuel energy consumption.
Therefore, the current study took the initiative to discuss the
issue of FS concerning fossil fuel consumption and the GR in
the developing economy. Thus, the main objective of this study
is to determine the participation of the GR, GF, and green
energy along with fossil fuel utilization to ensure FS. Time-
series data were arranged (1971-2019) to accomplish the
objective. Modern econometric methods such as Johnson
cointegration, ARDL bound, and impulse response were
employed to enlist the influence of the GR, GF, and green
energy, ensuring FS. The available research in this area of work
utilized odd or even factors to evaluate their influence on the
GR on FS; however, no comprehensive work can be found in
this regard. Therefore, the current study employed all the
possible factors which can influence or highlight the issue of
FS. Furthermore, due to the latest dataset and modern
evaluation methods of econometrics, this work provides a
fresh perspective on this field.

Data and methodology

This study uses yearly data from 1971 to 2019 to examine th ‘

Economy Survey (PES) issues.
output, whereas a representatj

ating FS regarding pesticide
consumption. Fi sustainable development is a proxy for
gross domestic prodUet. Therefore, Table 1 elaborates the profile
regarding source, unit and abbreviations used in the study.

The response variable was the total amount of wheat produced,
calculated in thousand metric tons (TMT). At the same time,
external factors included the total area under cultivation for the
wheat crop (million hectares: MH), the number of fossil fuels used
(thousand litters: TL), and the total amount of GF (billion rupees:
BR), improved seeds (thousand tons), fertilizers (thousand tons),
pesticides (TL), irrigation (million acre-feet), and the gross domestic
product (current US$).

Extending a difference in a model developed by Perron
(1989), the break is calculated by Zivot and Andrews (1992).
As a result, Zivot and Andrews (1992) called their model a

sequential trend break model. There is a predefined break in
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TABLE 1 Variables profile, measurement, and source.

Factors Full description and Source
measurement unit

FS Total wheat production (TMT) PES (2020)
LU Area for the wheat crop (MH) PES (2020)
FF Fossil fuel utilization (TL) WDI (2020)
FRA Total green finance (BR) WDI (2020)
SD (tech) Improved seeds (thousand tons) PES (2020)
FC(gs) Fertilizers (thousand tons) PES (2020)
PCs) Pesticides (TL) PES (2020)
WA rs) Irrigation (million acres-feet) PES (2020)
Gies) Gross domestic product (current US$) WDI (2020)

h
A +OFU, + ZcmZT,m+et

(1)
m=1
g
ZEM + BZ +8,+yFT + ZcmZt,m+et, )
m=1
g
Ze= 1+ BZiy +8+OFU+)FT, + ) CnZimte, 3)

m=1

They applied the work of Pesaran et al. (2001) to analyze the
variables’ short and long association with the assistance of the
ARDL bound approach. The contributing affiliation of food
security with explanatory variables is stated as follows:

FS = f (LU, FF, FRA, SD uchy> FC 55, PCr5, W A (89, G )
(4)

According to Shahbaz et al. (2012), the logarithmic form is
more trustworthy and effective at this stage. However, log-linear
appearance springs better results with manageable variance
related to the simple description as it lessens perceptiveness in
the time series data. The study will also make use of the vector
error correction approach for short-term links between the
aforementioned parameters. The following equations are
related to VECM and are represented as follows:

In FS = ap+0;InLU + a,InFF + a3 InFRA + ayInSD (gech)
+065IIIFC(F5)+(X51HWA(F5)+067IIIPC(F5) +0¢81nG +1,

)

where a, shows the intercept and oy, oy, a3, ay, s, a6, a7, and ag
are the parameters. We accept a positive relationship between
LU, FF, FRA, SD(iecn) FCers) PCrs)y WA g5y, and GDPs) with
FS. Therefore, the vector error correction (VECM) can be
reported:

frontiersin.org
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TABLE 2 Augmented Dicker Fuller Unit Root.

FS LU FF FRA

-8.41*(0.00)
-8.58* (0.00)
-6.06* (0.00)
-5.56* (0.00)

10.3389/fenvs.2022.982785

SD FC PC WA

-7.16* (0.00)

Note: All time series are stationary at first difference

k 1
Aln(ES), = B, + Y B,AIn(FS),_; + Y ByAln(LU),
i=1 I=1

+ i B, Aln (FF),_,, + i/s4nA1n(FRA),,,,

m=1 n=1

P k
+ Y BsyAIn (D), + Y B In (FCrs),
p=1 k=1

r 9
+ Y By Aln(WAss),_, + Y By Aln(PCrs),.,

r=1 g=1

+ 3 BoAIn(Ges),, + i Aln(FS),; + axAln(L

s=1
+ o3 In (FF)_; + a4 In(FRA),_; + a5 In
+ &g In (FCFS)‘—I + oy In (WAFS)t

hypothesis (i.e., no €ointegration between FS with independent
variables and vice versa). The results are inconvincible if the
F-state lies within the upper and lower bound.

Autoregressive conditional heteroskedasticity (ARCH) analyzes
past volatility to predict future volatility. A more realistic
representation of market volatility is provided by ARCH modeling,
which is often employed in the financial sector to quantify risk. It is
clear from the ARCH modeling that times of extreme volatility are
followed by even more high volatility and vice versa.

Because of volatility or variation clusters, investors need to
assess the risk associated with keeping an asset over years or
decades. Economist Robert F. Engle III first proposed the ARCH
model in the 1980s:
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-7.74* (0.00)
-5.93* (0.00)

-12.96* (0.00)

-7.65% (0.00)

%

®)

re Breusch-Godfrey test may detect autocorrelation up to
predefined order p, unlike the Durbin-Watson Test. A more
comprehensive range of regressors may be accommodated by it as
well:

P
Y = 81 + Z(SjRjﬁe‘
k=2

P )]
€ = /\«1 + Z/ljRjﬁpe(,l

k=2

The Jarque-Berra (JB) test assesses normalcy. The JB test
confirms normality. Other normality tests fail when » is big
(Shapiro-Wilk is not reliable with n above 2,000); hence, it is
used for large datasets. Data are compared to a normal
distribution to determine if they are skewed or kurtosis-free:

2
SZ+ (K -3) ]

JBstat = ”[g 24 (10)

Individual coefficient estimates provide little information on

the system’s response to a shock because all variables in a VAR
model are interrelated. Instead, impulse responses (IR) help
comprehend a model’s dynamic behavior. The moving
average representation is the starting point for every implicit

response function in a linear VAR model:

A’i = iAk«' lﬁJ 5

=1

(11)
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Top 20 models based on the ARDL estimation of the AIC criterion.
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Land utilization Residuals

10.3389/fenvs.2022.982785

Residuals

Fossil fuel Residuals

2 .04 8
.02
1 4
.00
.0 .0
-02
-1 -4
-.04
2 T T T T T T T T T -.06 T T T T T T T T T 8 T T T T T T T T T
75 80 8 90 95 00 05 10 15 75 80 8 90 95 00 05 10 15 75 80 8 90 95 00 05 10 15
Financial Resource Residuals Fertilizer Consumption Residuals Pesticised Consumption Residuals
4 3 3
27
2
A4
.0
.0
-2
-1
-4 T T T T T T T T T -2 T T T T T T T
75 8 8 90 95 00 05 10 15 75 80 8 90 95 00 05
Seed Technology Residuals ‘Water Availability Residual. ble Growth Residual
8
6
4
27
0
-2
-4 T T T T T T T -20 T T T T T T T T T
75 80 85 a0 95 00 05 75 80 85 0 95 00 05 10 15
FIGURE 3

Residuals of each variable.

IRF (/‘, 6, thl) =

(12)

There is no need to estimate equations for dependent
variables that are not the subject of the inquiry, and the local
projection approach provides a more parsimonious specification.
In addition, variables on both sides of a VAR equation need not
have the same form:

Ve = Lot [[SC’J. + @ (L)y,, + txc,ishockt] + (1-1y) [txb,j

+ Oy (L)y,, + ocb,jshockt] + linear_trend + My (13)
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Empirical results

The outcomes are based on the empirical analysis presented
in Table 2. We start with the unit root test based on Augmented
Dicky Fuller (ADF) here. As the name suggests, the ADF
measures the zero and constant variance of all variables.

Meanwhile, Figure 1 shows how each variable’s historical trend
has changed. The mean and covariance of stationary series remain
constant across time. Mean-reverting suggests that the series is
susceptible to a short-term shock. Finally, the unit root identification
in the context of structural fractures is examined. Research into
structural fractures and unit roots has yielded a variety of unit root
tests. There are many tests based on the number of breaks in the data
and whether there is a pattern presence, however, the Zivot Andrew
structural beak test is presented in Table 3.

Table 3 shows that despite catching one endogenously
determined gap in the data, the Zivot-Andrews test found
that all the variables tested have a unit root.
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TABLE 3 Structural beak test.

Variables Year t-stat. Prob.
FS 1993 -4.21 0.013
LU 1979 -4.1 0.031
FF 2008 -2.86 0.018
FRA 1989 -5.46 0.002
SD (tech) 1986 -4.84 0.002
FCrs) 1986 -3.61 0.005
PCrs) 1989 -2.87 0.004
WAs) 2011 -4.07 0.001
Gees) 1983 -4.43 0.008
TABLE 4 ARDL bound test.
Test statistic  Value  Sig. (%) I(0) 1(1)
Asymptotic: n = 1,000
F-statistic 7.338 10 1.95 3.06
K 8 5 222 339
2.50 248 3.70
1 273 4.10

Source: author(s) calculation.

Furthermore, this work utilized the ARDL bound test
presented in Table 4, introduced by Pesaran et al. (2001),
determine the short- and long-term association between FS an

the GR.
en cointegration found many
which determine the combined
evolution of all the
includes more than
may have several co-integrating vectors. Thus, there are three co-
integrating vectors in the estimation, since each of their Trace statistic

el's variables. Fortunately, as the model
o variables, it is anticipated that this study

values is more than the 5% crucial threshold, result is presented in
Table 5. In other words, these factors increase wheat production in
Pakistan in the long term. In addition, other variables such as LU, FC,
and PC positively influence and subsidize the FS in Pakistan. On the
contrary, the FF, FRA, SD, and WA are provided in less quantity; that
is why their influence is unsubstantial in the short run.

As a consequence of the findings, we can say that the
normalization cointegration approach for the long run have both
positive and negative influences on the GR factors of the production
of food in the country. Moreover, to determine the Johansen
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TABLE 5 Estimation of the VECM and Johansen Cointegration.

Variables Coefficients Std. t stat prob.
Error
LU -0.0008 -0.001 -0.763 0.001*
FF -0.01 -0.009 -1.068 0.008*
FRA -0.008 -0.005 -1.567 0.003*
SD(tech) 0.004 -0.009 0.465 0.01%
FCrs) -0.0004 -0.003 -0.122 0.02**
PCrs) -0.007 -0.003 -2.025 0.001*
WA (gs) -0.01 -0.013 -0.767 0.01**
Gies) 435 -41 1.054 39
Cointegration Eq(-) -0.65 0.12 -3.53 0.02
Hypothesized Trace 0.05
No. of CE(s) Eigenvalue  Statistic Critical Prob.**
Value
At most 1 * 0.759619 0.0000*
At most 2 * 0.609442 0.0020*
At most 3 * 0.0221**
Maximum Eigen Values
None * 58.43354 0.0000*
At most 1 * 52.36261 0.0009*
At most 2 46.23142 0.0816***

-0.607
0.000
-0.043
0.000
-0.129
0.000
-0.041
-0.094

cointegration model’s constancy, vector the error correction
model (VECM) is utilized and is articulated in Table 5. The
period is significant at a 1% level, a negative sign that Johansen
cointegration is dynamically stable in its current form. The
cointegration Eq. 1 is 0.65, which means 65% disequilibrium
precision yearly would produce Johansen model consistency.
Additionally, the normalization cointegration of Johansen
approach are also shown in Table 5, which elaborates that all the
GR determinants influence FS. Additionally, the long-run elasticities
of the ARDL approach are also in Table 7, which elaborates that all
the GR determinants influence FS. Furthermore, the VEC model
finds out that all the factors such as land utilization, fossil fuel usage,
green finance, and and components of the green revolution revoke
the risk of food insecurity in the short run. Thus, the VEC model
finds out that all the factors such as land utilization, fossil fuel usage,
green finance, and and components of the green revolution revoke
the risk of food insecurity in the short run. Furthermore, these
findings are consistent with the study by Ullah et al. (2018). The
result elaborates that the LU, FRA, SD, FC, PC, WA, and G
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FIGURE 4
Impulse response function.

FS in the long term, except
yofds, we can say that GF influenced
the total wheat p
fertilizers, and pesticij

ction. On the contrary, improved seeds,
also influenced FS in the long term and
significantly played their role in achieving the potential yield level.
Moreover, the determinants of the GR, the availability of water to
crops, also positively and significantly affect the FS in the long term
in the case of Pakistan.

Furthermore, Figure 2 presents the best possible 20 ARDL
models. Figure 4 denotes the top 20 best models to identify the
suitable good fit and acceptable model because we have five
selection criteria (i.e., LR, AIC, SBC, HQ, and adjusted R?).
However, the ARDL model constructed on AIC criteria was
applied based on the most negligible AIC value (-5.05) with the
ARDL model (1,0, 0, 1, 1, 1, 0, 1) graphically. Therefore, Figure 4
is presented based on AIC selection criteria with the finest fitted
ARDL approach.

Frontiers in Environmental Science

To affirm the credibility and correctness of the model, we
employed a series of investigative information, as displayed in
Table 6. The ARCH and LM test outcomes elaborate no
heteroscedasticity and serial correlation problems. According to the
Ramsey RESET, the Johansen model in the existing arrangement is
suitable, whereas the results of Jarque and Bera (1987) denote that the
model is normally distributed. However, the residual diagnostic test
results are also in the study’s favor, which is presented in Figure 3.

VAR is the ideal strategy for extracting data-related
information because it works with all parameters on a single
axis, implying that there are no endogenous and exogenous
factors. Furthermore, the VAR technique has used broad
policy trials to alter the path of the parameters. Sims (1980)
pioneered this method to capture the variables’ relationship and
change responses. When one parameter deviates from its steady
state, what is the reaction of the other variables that comprise the
system? The results of the VAR are shown in Table 7.
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FIGURE 5
Local project function.

TABLE 6 Results

Test type

#131413; ARCH test .
#131413; Ramsey RESET,

ig value (0.95) df (1) p-value (0.03)
t F-statistic value (0.41) df (1,27) p-value (0.02)
#131413; Breusch-Godfrey serial correlation LM test x2-statistic value (3.30) df (2) p-value (0.01)
#131413; Jarque-Bera test F-statistic value (4.14) p-value (0.03)

Source: author(s) calculation.

TABLE 7 Vector auto-regressive model.

FS LU FF FRA SD (¢ech) FCs)
FS (-1) 0.123 —-0.004 0.183 0.122 1.189 0.097
-0.178 -0.074 -0.722 -0.415 -0.578 -0.237
[0.69] [-0.065] [0.253] [0.294] [2.055] [0.411]
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PC(FS)

0.089
-0.275
[0.323]

WA gs)

0.145
-0.052
[2.757]

Gs)

0.231
—-0.201
[1.145]
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The outcome indicates a long-term relationship between the
factors. To delve deeper, we employ the impulse response function,
which comprehensively describes one variable’s reaction when the
other parameter in the network swings from its location. Figure 4
depicts the outcome of the autoregressive vector technique.

The results indicate that the FS, FRA, SD, FC, PC, and WA
increased the FS in the long term and positively and had a significant
influence on the growth rate of the nation when the FS was subjected
to a standard deviation shock of possible predictors of the GR.

However, consider that the usual shock of the total wheat area is
applied to all factors. In that instance, the response indicates that the
change in wheat FF, FRA, SD, FC, PC, WA, and growth rate is
directly influenced. When the GR components are subjected to a
standard dose of fossil fuel, the resulting response shows that, except
for water availability, all variables increased positively as fossil fuel
use increased, resulting in a negative balance of payments. With
fossil fuel utilization, the water availability increases, as well as the
cost of production, reducing the profit volume for the peasant.

If the availability of GF among the peasants is increased, then
peasant access to wheat production, improved seeds, pesticides, and
irrigation payments are more accessible, enhancing the economy’s
growth rate. Moreover, with the credit, the access to fossil fuel
utilization and fertilizers also increased, and peasants utilized these
things more than the required quantity, which is the misutilization
of the credit.

The impulse response results show that the improved seed, &
fossil fuel utilization, fertilizers, pesticides, and growth rate of
country increased because of the enhancement in the determinan

that the change in the utilization of fertili
irrigation may influence all other variab
On the other side, the growth ra
deviation shock of the growth rage i

The local project function Figure 5 elaborates that it can lessen
food poverty and steer the economy toward more sustainable growth
by using land and fossil fuels and developing seed technology and
water resources.

Discussion

Economists are interested in investigating the connection
between financial resource availability, fossil fuels, and elements of
the GR. For the country’s food supply to keep pace with demand,
additional land was planted, and new knowledge and technology
were employed. Pesticides, fertilizers, and irrigation are all essential
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components of improved seeds. Increasing pressure on the industrial
sector results in more work prospects for farmers to meet these
demands. Therefore, it will have a favorable impact on the company’s
development. Water reservoirs must be increased, though, to irrigate
farmland. In addition, it may aid in generating additional electricity,
which in turn aids in the expansion of the industry.

Pakistan adopted the GR in the 1960s. In contrast, new inputs
were utilized in Pakistan over the same period to achieve a high
output level. According to many historians and experts, the most
important components of the GR were seeds, insecticides, fertilizers,
and irrigation through tube wells. To boost Pakistan’s agricultural
economy, the government has instituted many projects. This method
has a significant impact on Pakistan’s agricultural output.
Hamit-Haggar’s (2012) findings for Canada, Marrero’s (2010)
results for the European Union, Nasir and Rehman’s (2011)
findings for Pakistan, Kanjilal and G ;
India, and Ullah’s (2020) findin,
by these results. The agricultuagl i

ons, the government has begun to offer tractors to the
asantry in highly favorable circumstances.

he study has sudden limitations as well. This work is limited to a
single developing country due to data availability constrain. Thus, it
could be a good edition in the literature and policy perspective if we
can apply it to other regions, for example, the South Asian region.
Furthermore, the panel vector autoregressive (PVAR) model can be
adopted because this method can deal with cross-sectional dimensions.

Conclusion and suggestions

There is much strain on Pakistan’s administration because of its
rising population. Increasing agricultural output is one way to
achieve this goal. In this perspective, Pakistan’s agriculture sector
has gained too much attention and is referred to be the “green
revolution” in Pakistan’s history. However, much resource
exhaustion and overexploitation came with this transformation.
We used time-series data from 1971 to 2019 to estimate the
influence of the GR, GF, and fossil fuels to ensure FS.

We made use of a variety of contemporary econometric tools to
achieve the goal. First, the Johansen technique was used to assess the
long-term connection between endogenous and exogenous factors.
Additionally, the bound test method we used revealed that the long-
term link between endogenous and exogenous emerged. Moreover,
the Johansen cointegration suggest that GF, GR, green energy, and
fossil fuel utilization significantly contribute to FS.
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Consequently, implicit but stimulating policy suggestions
appear. We believe that the green course is an expensive
technology. Poor farmers cannot afford and acquire newly
developed technologies, simultaneously looking for GF.
Getting more GF means the usage of affluent technology.

Throughout the research, several concepts are put forward.
First, environmental degradation and pollution are often attributed
to industrial activity. Therefore, the industrial and agricultural
sectors are to be blamed for environmental degradation. Bird
species have been decimated due to the widespread use of
chemical fertilizers. Repeated cultivation operations diminish
the soil’s fertility, and even the soil becomes aperture due to
the heavy application of fertilizers. Soil percolation occurs when
the soil’s ability to retain water decreases due to exposure to the
Sun. Moreover, components of the GR are costly.

In Pakistan, peasants are involved in substantial forming. They
cannot afford the costly modern technologies and expensive
improved seed verities. Therefore, peasants require GF to facilitate
production. It enables access to high technology, and extensive use of
fertilizers and pesticides means more environmental threats.
Therefore, the agricultural procedures should be accomplished
more pragmatically rather than wide usage of farming inputs.

The government and the private sector should be the chief
players in the research and development process. Thus, both
players must develop environmentally friendly and innovative
technologies to facilitate the agricultural sector that ensures
(Alimkulova and Aitmukhanbetova, 2020; Khanal a
Omobitan, 2020).

1

Data availability state

The original contribu
in the i

inquiries can be directed

included art

Referen

Abe, H., Shinke, T., ., and Hanaoka, C. (2009). Regional economic
analysis using input-outp@tables from segmented agriculture, forestry, fisheries,
food and related industries. Chiikigaku. Kenkyu. 39, 283-303. doi:10.2457/srs.
39.283

Adebayo, O., Opeyemi, O., Jacob, A., Mayokun, O., Mistura, R., Omotayo, A. O.,
et al. (2020). Resource-use efficiency and production constraints among cassava
farmers in Nigeria: Insight, linkage and pathway. J. Dev. Areas 54, 45. doi:10.1353/
jda.2020.0045

Admassie, A., and Abebaw, D. (2021). Ethiopia-land, climate, energy, agriculture
and development: A study in the sudano-sahel initiative for regional development,
jobs, and food security, in ZEF Working Paper Series, ISSN 1864-6638, Center for
Development Research, University of Bonn, January 2021. Available at SSRN: https://
ssrn.com/abstract=3769102.

Alimkulova, E., and Aitmukhanbetova, D. (2020). State regulation of agricultural
sector. Probl. AgriMarket. 4, 47-53. doi:10.46666/2020-4-2708-9991.05

Ali, W., Abdulai, A., and Mishra, A. K. (2020). Recent advances in the analyses
of demand for agricultural insurance in developing and emerging countries.
Annu. Rev. Resour. Econ. doi:10.1146/annurev-resource-110119-025306

Frontiers in Environmental Science 11

10.3389/fenvs.2022.982785

Author contributions

Conceptualization was completed by YH and ZS. The
methodology was created by ZS. MA. The software and validation
were handled by RY; MA. ZU completed the formal analysis while the
research, resources, and data curation were handled by YH. The
writing—original draught preparation was handled by YH, RY, ZS,
MA, and ZU while writing—review and editing were completed by
RY, MA, RY, ZU, and YH. The visualization was overseen by ZU, RY;
and supervision was done by YH and ZU.

Funding

This work was supported by the Graduate Research

ang, Jiangxi Province,
by the Industrial and

lisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations
or those of the publisher, the editors, and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Atef, N. (2019). Food security via improving crop water productivity in some
arab countries. World J. Agric. Soil Sci. 2, 532. doi:10.33552/wjass.2019.02.
000532

Azimy, M. W., Khan, G. D., Yoshida, Y., and Kawata, K. (2020). Measuring the
impacts of saffron production promotion measures on farmers’ policy acceptance
probability: A randomized conjoint field experiment in herat province, Afghanistan.
Sustainability 12, 4026. doi:10.3390/SU12104026

Bader, B. R, Taban, S. K., Fahmi, A. H., Abood, M. A., and Hamdi, G. J. (2021).
Potassium availability in soil amended with organic matter and phosphorous
fertiliser under water stress during maize (Zea mays L) growth. J. Saudi Soc.
Agric. Sci. 20, 390-394. doi:10.1016/j.jssas.2021.04.006

Baharudin, S., and Waked, H. N. (2021). Machinery and technical efficiencies in
selected paddy areas in Malaysia. Pertanika J. Soc. Sci. Humanit 29, 2225-2242.
doi:10.47836/pjssh.29.4.07

Bashir, U. M. A. R,, Akpoko, J. G., and Musa, M. W. (2019). Impact assessment of
komadugu-yobe basin wetlands development initiative project on farmers
livelihood in jigawa state, Nigeria. Bonorowo Wetl. 9, 90101. doi:10.13057/
bonorowo/w90101

frontiersin.org


https://doi.org/10.2457/srs.39.283
https://doi.org/10.2457/srs.39.283
https://doi.org/10.1353/jda.2020.0045
https://doi.org/10.1353/jda.2020.0045
https://ssrn.com/abstract=3769102
https://ssrn.com/abstract=3769102
https://doi.org/10.46666/2020-4-2708-9991.05
https://doi.org/10.1146/annurev-resource-110119-025306
https://doi.org/10.33552/wjass.2019.02.000532
https://doi.org/10.33552/wjass.2019.02.000532
https://doi.org/10.3390/SU12104026
https://doi.org/10.1016/j.jssas.2021.04.006
https://doi.org/10.47836/pjssh.29.4.07
https://doi.org/10.13057/bonorowo/w90101
https://doi.org/10.13057/bonorowo/w90101
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.982785

Huan et al.

Bindraban, P. S., Dimkpa, C. O., and Pandey, R. (2020). Exploring phosphorus
fertilizers and fertilization strategies for improved human and environmental
health. Biol. Fertil. Soils 56, 299-317. doi:10.1007/s00374-019-01430-2

Biye, S. U., Lawal, H., and Jongur, A. U. (2018). ALLOCATIVE EFFICIENCY OF
GROUNDNUT (Arachis hypogea 1) PRODUCTION IN BAUCHI STATE,
Nigeria. Sci. Pap. Manag. Econ. Eng. Agric. Rural. Dev. 18, 51-57.

Bouzidi, B., and Campana, P. E. (2021). Optimization of photovoltaic water
pumping systems for date palm irrigation in the saharan regions of Algeria:
Increasing economic viability with multiple-crop irrigation. Energy, Ecol.
Environ. 6, 316-343. doi:10.1007/s40974-020-00195-x

Chakraborty, S., Roy, I, and Kumar, S. (2022). Estimation of dry-season
fluctuation in specific yield using water budgeting approach in bonasuria micro-
watershed of damodar river basin, India. J. Geol. Soc. India 98, 271-277. doi:10.
1007/s12594-022-1967-4

Diallo, A., Donkor, E., and Owusu, V. (2020). Climate change adaptation
strategies, productivity and sustainable food security in southern Mali. Clim.
Change 159, 309-327. doi:10.1007/s10584-020-02684-8

Gao, J.,, Yan, Y., Hou, X,, Liu, X,, Zhang, Y., Huang, S., et al. (2021). Vertical
distribution and seasonal variation of soil moisture after drip-irrigation affects
greenhouse gas emissions and maize production during the growth season. Sci.
Total Environ. 763, 142965. doi:10.1016/j.scitotenv.2020.142965

Geisseler, D., Ortiz, R. S., and Diaz, J. (2022). Nitrogen nutrition and fertilization
of onions (Allium cepa L.)-A literature review. Sci. Hortic. Amst. 291, 110591.
doi:10.1016/j.scienta.2021.110591

Gongalves, F., Perna, R., Lopes, E., Maciel, R., Tovar, L., and Lopes, M. (2021).
Strategies to improve the environmental efficiency and the profitability of
sugarcane mills. Biomass Bioenergy 148, 106052. doi:10.1016/j.biombioe.2021.
106052

GOP (2020). “Pakistan economic Survey 2019-20,” in Financ. Econ. Aff. Div.
Minist. Financ (Islam. Pakistan: Govt. Pakistan).

Hamit-Haggar, M. (2012). Greenhouse gas emissions, energy consumption and
economic growth: A panel cointegration analysis from Canadian industrial sector
perspective. Energy Econ. doi:10.1016/j.eneco.2011.06.005

Han, Y, Jia, D., Zhuo, L., Sauvage, S., Sanchez-Pérez, J. M., Huang, H.,, et al.
(2018). Assessing the water footprint of wheat and maize in haihe river basjn,
northern China (1956-2015). WaterSwitzerl. 10, 867. doi:10.3390/w10070867

Harwood, J. (2020). Whatever happened to the Mexican green revolutiong
Agroecol. Sustain. Food Syst. 44, 1243-1252. doi:10.1080/21683565.2020.1752350

Jarque, C. M., and Bera, A. K.
regression residuals. Internationa
Jiang, T., Liu, J., Gao, Y., Sun,
plant height of wintg g
functions. Agric.
Kalykova, B
solutions. Probl. Ag
Kanjilal, K., and Gl
Evidence from tests for c&
56, 509-515. doi:10.46666

#tion with unknown structuralbreaks. Energy Policy
020.2708-9991.26

Khan, M. L, and Jan, A. (2018). Impact of soil conditioning and irrigation regimes
on the performance of maize crop. Sarhad J. Agric. 43, 187. doi:10.17582/journal.
sja/2018/34.1.173.187

Khan, Z. S., Rizwan, M., Hafeez, M., Ali, S., Javed, M. R., and Adrees, M. (2019).
The accumulation of cadmium in wheat (Triticum aestivum) as influenced by zinc
oxide nanoparticles and soil moisture conditions. Environ. Sci. Pollut. Res. 26,
19859-19870. doi:10.1007/s11356-019-05333-5

Khanal, A. R, and Omobitan, O. (2020). Rural finance, capital constrained small
farms, and financial performance: Findings from a primary Survey. J. Agric. Appl.
Econ. 52, 288-307. doi:10.1017/aae.2019.45

Konappa, N., Krishnamurthy, S., Arakere, U. C., Chowdappa, S., Akbarbasha, R.,
and Ramachandrappa, N. S. (2021). “Nanofertilizers and nanopesticides: Recent

trends, future prospects in agriculture,” in Advances in nano-fertilizers and nano-
pesticides in agriculture. doi:10.1016/b978-0-12-820092-6.00012-4

Korai, P. K, Sial, T. A., Pan, G., Abdelrahman, H., Sikdar, A., Kumbhar, F., et al.
(2021). Wheat and maize-derived water-washed and unwashed biochar improved
the nutrients phytoavailability and the grain and straw yield of rice and wheat: A

Frontiers in Environmental Science

12

10.3389/fenvs.2022.982785

field trial for sustainable management of paddy soils. J. Environ. Manage. 297,
113250. doi:10.1016/j.jenvman.2021.113250

Kurzweil, J. R., Metlen, K., Abdi, R,, Strahan, R., and Hogue, T. S. (2021). Surface
water runoff response to forest management: Low-intensity forest restoration does
not increase surface water yields. For. Ecol. Manage. 496, 119387. doi:10.1016/j.
foreco.2021.119387

Kutkowska, B., Pilawka, T., Rybchak, V. and Rybchak, O. (2019). The
differentiation in the level of socioeconomic development of rural areas of the
lower silesian province in the years 2002 and 2010. Ann. PAAAE. 2019, 170-187.
doi:10.5604/01.3001.0013.2200

Lestari, W. (2019). PENGARUH PELAYANAN PROMOSI DAN SYARIAH
TERHADAP MINAT NASABAH DALAM MEMILIH ASURANSI SYARIAH
(Studi pada PT. Asuransi Takaful Keluarga Cabang Palembang). J. Chem. Inf.
Model. http://eprints.radenfatah.ac.id/746/.

Liu, X,, Xu, Y., Engel, B. A, Sun, S., Zhao, X., Wu, P, et al. (2021). The impact of
urbanization and aging on food security in developing countries: The view from
Northwest China. J. Clean. Prod. 292, 126067. doi:10.1016/j.jclepro.2021.126067

Manimaran, S., Saravanan, M., Sudhakar, P., Bardhan, G., and Suresh Kumar, S.
M. (2019). Studies on influence of activated EM enriched composts on productivity
enhancement in hybrid maize (Zea mays L.). Plant Arch. 19, 314-317. http://www.
plantarchives.org/PDF%20SUPPLEMENT%202019/50.pdf

omy in the water softening
al analysis. J. Clean. Prod. 255,

. U. (2011). Environmental Kuznets curve for carbon
; An empirical investigation. Energy Policy 39 (3), 1857-1864.

agnetized water irrigation on the phytoremediation efficiency of Celosia
ntea, Ecotoxicol. Environ. Saf. 211, 111963. doi:10.1016/j.ecoenv.2021.111963

ron, P. (1989). The great crash, the oil price shock, and the unit root
hypothesis. Econometrica. 57 (6), 1361-1401. doi:10.2307/1913712

Pesaran, M. H., Shin, Y., and Smith, R. J. (2001). Bounds testing approaches to the
analysis of level relationships. J. Appl. Econom. doi:10.1002/jae.616

Reddy, A. K., Priya, M. S., Reddy, D. M., and Reddy, B. R. (2021). Principal
component analysis for yield in blackgram(vignamungo L. Hepper) under organic
and inorganic fertilizer managements. Int. J. Plant Soil Sci. 33 (9), 26-34. doi:10.
9734/ijpss/2021/v33i930463

Shahbaz, M., Lean, H. H., and Shabbir, M. S. (2012). Environmental kuznets curve
hypothesis in Pakistan: Cointegration and granger causality. Renew. Sustain. Energy
Rev. 16 (15), 2947-2953. doi:10.1016/j.rser.2012.02.015

Sims, C. A. (1980). Macroeconomics and reality. Econometrica 48 (1), 1-48.
doi:10.2307/1912017

Singh, M., Dotaniya, M. L., Mishra, A., Dotaniya, C. K., Regar, K. L., and Lata, M.
(2016). “Role of biofertilizers in conservation agriculture,” in Conservation
agriculture: An approach to combat climate change in indian Himalaya. doi:10.
1007/978-981-10-2558-7_4

Supardi, R. Y., and Saerang, D. P. E. (2018). Ipteks prosedur pemberian kredit
konsumtif di pt. bank sulutgo cabang pembantu bahu. J. Ipteks Akunt. Bagi Masy. 2,
21713. doi:10.32400/jiam.2.02.2018.21713

Tan, Y., Sarkar, A., Rahman, A., Qian, L, Memon, W. H,, and Magzhan, Z. (2021).
Does external shock influence farmer’s adoption of modern irrigation technology?—a
case of gansu province, China. Land 10, 882. doi:10.3390/1and10080882

Tashi, T., Dendup, C., N,, and Gyeltshen, S. (2022). Rice self-sufficiency in
Bhutan: An assessment. Asian J. Agric. Ext. Econ. Sociol. 40 (2), 18-28. doi:10.9734/
ajaees/2022/v40i230842

Tesfaye, M. Z., Balana, B. B, and Bizimana, J. C. (2021). Assessment of
smallholder farmers’ demand for and adoption constraints to small-scale
irrigation technologies: Evidence from Ethiopia. Agric. Water Manag. 250,
106855. doi:10.1016/j.agwat.2021.106855

Tyapkina, M., Samaruha, V., Ilina, E., and Mongush, Y. (2021). Structural
changes in the agricultural sector. BIO Web Conf. 37, 00181. doi:10.1051/
bioconf/20213700181

frontiersin.org


https://doi.org/10.1007/s00374-019-01430-2
https://doi.org/10.1007/s40974-020-00195-x
https://doi.org/10.1007/s12594-022-1967-4
https://doi.org/10.1007/s12594-022-1967-4
https://doi.org/10.1007/s10584-020-02684-8
https://doi.org/10.1016/j.scitotenv.2020.142965
https://doi.org/10.1016/j.scienta.2021.110591
https://doi.org/10.1016/j.biombioe.2021.106052
https://doi.org/10.1016/j.biombioe.2021.106052
https://doi.org/10.1016/j.eneco.2011.06.005
https://doi.org/10.3390/w10070867
https://doi.org/10.1080/21683565.2020.1752350
https://doi.org/10.1007/s42452-021-04870-4
https://doi.org/10.4018/IJISSCM.2020010104
https://doi.org/10.2307/1403192
https://doi.org/10.1016/j.agwat.2020.106066
https://doi.org/10.46666/2020.2708-9991.26
https://doi.org/10.46666/2020.2708-9991.26
https://doi.org/10.17582/journal.sja/2018/34.1.173.187
https://doi.org/10.17582/journal.sja/2018/34.1.173.187
https://doi.org/10.1007/s11356-019-05333-5
https://doi.org/10.1017/aae.2019.45
https://doi.org/10.1016/b978-0-12-820092-6.00012-4
https://doi.org/10.1016/j.jenvman.2021.113250
https://doi.org/10.1016/j.foreco.2021.119387
https://doi.org/10.1016/j.foreco.2021.119387
https://doi.org/10.5604/01.3001.0013.2200
http://eprints.radenfatah.ac.id/746/
https://doi.org/10.1016/j.jclepro.2021.126067
http://www.plantarchives.org/PDF%20SUPPLEMENT%202019/50.pdf
http://www.plantarchives.org/PDF%20SUPPLEMENT%202019/50.pdf
https://doi.org/10.5337/2018.225
https://doi.org/10.1016/j.jclepro.2020.120291
https://doi.org/10.1016/j.ecoenv.2021.111963
https://doi.org/10.2307/1913712
https://doi.org/10.1002/jae.616
https://doi.org/10.9734/ijpss/2021/v33i930463
https://doi.org/10.9734/ijpss/2021/v33i930463
https://doi.org/10.1016/j.rser.2012.02.015
https://doi.org/10.2307/1912017
https://doi.org/10.1007/978-981-10-2558-7_4
https://doi.org/10.1007/978-981-10-2558-7_4
https://doi.org/10.32400/jiam.2.02.2018.21713
https://doi.org/10.3390/land10080882
https://doi.org/10.9734/ajaees/2022/v40i230842
https://doi.org/10.9734/ajaees/2022/v40i230842
https://doi.org/10.1016/j.agwat.2021.106855
https://doi.org/10.1051/bioconf/20213700181
https://doi.org/10.1051/bioconf/20213700181
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.982785

Huan et al.

Ullah, A., and Khan, D. (2020). Testing environmental Kuznets curve hypothesis
in the presence of green revolution: A cointegration analysis for Pakistan. Environ.
Sci. Pollut. Res. 27, 11320-11336. doi:10.1007/s11356-020-07648-0

Ullah, A., Khan, D., Khan, L, and Zheng, S. (2018). Does agricultural ecosystem
cause environmental pollution in Pakistan? Promise and menace. Environ. Sci.
Pollut. Res. 25 (14), 13938-13955. doi:10.1007/s11356-019-04913-9

‘Wambua, D. M., Gichimu, B. M., and Ndirangu, S. N. (2021). Smallholder coffee
productivity as affected by socioeconomic factors and technology adoption. Int.
J. Agron. 2021, 1-8. doi:10.1155/2021/8852371

Wang, X, Yuan, T., Lei, Z., Kobayashi, M., Adachi, Y., Shimizu, K., et al. (2020).
Supplementation of O2-containing gas nanobubble water to enhance methane
production from anaerobic digestion of cellulose. Chem. Eng. J. 398, 125652. doi:10.
1016/j.cej.2020.125652

Xie, H., and Huang, Y. (2021). Influencing factors of farmers’ adoption of pro-
environmental agricultural technologies in China: Meta-analysis. Land use policy
109, 105622. doi:10.1016/j.landusepol.2021.105622

10.3389/fenvs.2022.982785

Xiong, L., Liang, C., Ma, B., Shah, F., and Wu, W. (2020). Carbon footprint and
yield performance assessment under plastic film mulching for winter wheat
production. J. Clean. Prod. 270, 122468. doi:10.1016/j.jclepro.2020.122468

Yakasai, M. (2010). Economic contribution of cassava production (a case study of
kuje area council federal capital territory, Abuja, Nigeria). Bayero J. Pure App. Sci. 3,
58796. doi:10.4314/bajopas.v3i1.58796

Ye, C, Qiu, Y., Lu, G., and Hou, Y. (2018). Quantitative strategy for the Chinese
commodity futures market based on a dynamic weighted money flow model. Phys.
A Stat. Mech. its Appl. 512, 1009-1018. doi:10.1016/j.physa.2018.08.104

Zivot, E., and Andrews, D. W. K. (1992). Further evidence on the great crash, the
oil-price shock, and the unit-root hypothesis. J. Bus. Econ. Stat. doi:10.1080/
07350015.1992.10509904

Zhou, B., Yang, L., Chen, X,, Ye, S., Peng, Y., and Liang, C. (2021). Effect of
magnetic water irrigation on the improvement of salinized soil and cotton
growth in Xinjiang. Agric. Water Manag. 248, 106784. doi:10.1016/j.agwat.
2021.106784

<Y

@‘Q&

Frontiers in Environmental Science

13

frontiersin.org


https://doi.org/10.1007/s11356-020-07648-0
https://doi.org/10.1007/s11356-019-04913-9
https://doi.org/10.1155/2021/8852371
https://doi.org/10.1016/j.cej.2020.125652
https://doi.org/10.1016/j.cej.2020.125652
https://doi.org/10.1016/j.landusepol.2021.105622
https://doi.org/10.1016/j.jclepro.2020.122468
https://doi.org/10.4314/bajopas.v3i1.58796
https://doi.org/10.1016/j.physa.2018.08.104
https://doi.org/10.1080/07350015.1992.10509904
https://doi.org/10.1080/07350015.1992.10509904
https://doi.org/10.1016/j.agwat.2021.106784
https://doi.org/10.1016/j.agwat.2021.106784
https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.982785

	RETRACTED: Green finance, green energy, and green revolution: An impulse response function of food security in developing e ...
	Introduction
	Literature review
	Data and methodology
	Empirical results
	Discussion
	Conclusion and suggestions
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


