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Can fiscal expenditure for
agriculture mitigate the impact of
climate change on agricultural
production?

Wang Hao', Jianging Yang?, Xiangdong Hu'!, Zhenxing Zhang?,
Zizhong Shi' and Hui Zhou®

!Institute of Agricultural Economics and Development, Chinese Academy of Agricultural Sciences,
Beijing, China, 2College of Economics and Management, Northwest AGF University, Xianyang, China

The profound impact of climate change on agricultural production, and the
government'’s fiscal expenditure for agriculture, is considered a crucial means
to address this challenge. This study utilizes panel data from all prefecture-level
cities in Heilongjiang Province from 2000 to 2020. Drawing upon the Cobb-
Douglas production function, an economic climate model is constructed to
empirically analyze the impact of climate change on grain yield in Heilongjiang
Province. Furthermore, the role of fiscal expenditure for agriculture in
mitigating the effects of climate change on grain yield is explored. Feasible
Generalized Least Squares (FGLS) estimation is employed to address issues
of "heteroscedasticity,” “autocorrelation within groups,” and “cross-sectional
contemporaneous correlation” present in the model. The results indicate that
climate change has a positive impact on rice and corn yields, while exhibiting a
negative impact on wheat yield. The influence of climate change on crop yield
is both linear and nonlinear. Specifically, temperature demonstrates a linear
relationship with rice and corn yields, whereas precipitation shows a significant
inverted U-shaped relationship with rice and corn yields. The impact of climate
change on grain production in Heilongjiang Province varies significantly across
regions. Fiscal expenditure for agriculture has a significant positive effect on the
yield of major grain crops in Heilongjiang Province. In addressing the impact of
climate change on grain production, agricultural fiscal expenditure enhances
the positive effect of precipitation on rice and corn yields, while diminishing the
positive impact of temperature on corn yield.

KEYWORDS

effect climate change, fiscal expenditure for agriculture, grain yield, moderating
effect, policy proposals

1 Introduction

The carbon emissions from the agricultural, livestock, and industrial sectors have a
significant impact on climate change, posing a global critical challenge (Abbas et al., 2022a,b;
Elahietal, 2022, 2024). Climate change is one of the severe challenges facing the world today,
and its impact on agriculture has attracted global attention (Chen et al., 2020). A plethora of
research has indicated that climate change has profound effects on agricultural production
(Schlenker and Roberts, 2009). The rise in global average temperatures, changes in
precipitation patterns, and an increase in the frequency and intensity of extreme weather
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events have all significantly affected agricultural production
(Schlenker and Lobell, 2010; Lobell and Gourdji, 2012; Wijeratne
et al., 2022; Ullah et al., 2023). Without effective measures in the
coming decades, climate change poses a serious threat to crop yields,
food security, and agricultural livelihoods (Challinor et al., 2014; Ray
etal, 2015). Meanwhile, as global climate change intensifies, Chinese
agriculture faces formidable challenges, as climate change has notably
impacted the growth cycles, yields, and quality of crops (Tao et al.,
2015; Liuetal., 2016, 2020, 2021). Between 2000 and 2020, the annual
average area of crops affected by droughts and floods in China reached
35.198 million hectares, accounting for 22.03% of the total sown area
during the same period ('China Rural Statistical Yearbook—2021",
2021). Frequent natural disasters induced by climate change
significantly hinder sustainable agricultural development in China (Jia
and Pan, 2016).

As the world’s largest agricultural producer, understanding the
impact of climate change on Chinese agriculture holds profound
significance. In recent years, scholars have conducted extensive
research in this field. Numerous studies have found that climate
change, particularly rising temperatures and changes in precipitation
patterns, has significant impacts on the yield of Chinese staple crops.
For instance, research has demonstrated that climate change has
altered the yields of major cereal crops like wheat, rice, and maize over
the past three decades. Despite advancements in agricultural
technology that might mitigate some of the impacts, the threat of
climate change to Chinese food security remains substantial (Tao
et al.,, 2009). Projections suggest that climate change could lead to a
20% reduction in wheat, rice, and maize yields in China, with potential
repercussions on international grain trade (Xuan et al., 2021).

Located in the northernmost part of China, Heilongjiang Province
falls within the region of the black soil belt. As the country’s largest
grain production and export base, the province accounted for 11.23%
of the total grain output in 2020, maintaining its national leading
position for 12 consecutive years. Due to its unique geographic
position, Heilongjiang Province is both sensitive and significantly
affected by climate change (Jiangbo et al,, 2022). Over the past
50vyears, the province’s warming rate has been as high as 0.4°C per
decade (Jianying and Jianping, 2011), surpassing the national average
of 0.25°C per decade during the same period (Lupeng et al., 2005).
The sustained temperature rise has introduced uncertainty to grain
production in the province, a subject that many scholars have deeply
investigated. As one of Chinas major grain-producing areas, and
influenced significantly by a continental monsoon climate,
Heilongjiang Province’s agriculture is exceptionally responsive to
climate change (Lin et al., 2015). Its unique geographical position and
climatic characteristics lead to distinctive patterns of climate change
impact on agricultural yield in the province. For instance, research
reveals that rising temperatures exhibit a dual influence on grain crop
yields. On the one hand, temperature increase may shorten winter and
advance spring, favoring the growth of crops like maize and soybeans.
On the other hand, excessively high summer temperatures could
negatively affect rice and other crops (Zhao et al, 2017).
Simultaneously, changes in precipitation patterns could also
considerably influence agricultural yields. Studies by Salazar et al.
indicate that increased precipitation improves field moisture
conditions, contributing to higher crop yields. However, excessive
rainfall can lead to flooding, resulting in crop damage (Salazar
et al., 2007).
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The characteristics of agriculture, including its vulnerability,
public nature, and externalities, emphasize the importance of
governmental fiscal support for agriculture (Binlei and Shuo, 2021).
These financial support policies, such as fund allocation, tax
incentives, and price support, can influence the cost, income, and risk
management of agricultural production, consequently having
significant impacts (Tuanbiao and Lin, 2022). Research results suggest
that enhancing agricultural infrastructure and providing agricultural
insurance subsidies can alleviate the adverse effects of climate change
on grain production (Juncong et al, 2016; Zhixin et al, 2022).
Moreover, increasing investments in agricultural research contribute
to improving crop adaptability and disaster resistance, thereby
promoting long-term growth in grain yield (Evenson and Gollin,
2003; Salim and Islam, 2010; Chaojing et al., 2016; Bollington et al.,
2021; Carter et al., 2021). Building upon the analysis of the impacts of
climate change and agricultural research investment on agricultural
production, Yi et al. further explore the role of agricultural research
investment in mitigating the effects of climate change on agricultural
production, confirming its positive contribution (Fujin et al., 2021). It
should be noted that government support for agricultural production
is primarily achieved through fiscal means, and the impact of
agricultural fiscal support policies on agricultural production is not
always positive. For example, investigations into subsidy programs in
sub-Saharan Africa by Jayne et al. found that the costs of these projects
generally outweigh their benefits (Jayne and Rashid, 2013). Other
research has indicated that government agricultural subsidy policies
might lead to excessive resource exploitation and environmental
pollution, such as excessive use of fertilizers and pesticides (Wu et al.,
2019; Gao et al, 2021). Additionally, the implementation of
agricultural fiscal policies is influenced by various factors, and the
effectiveness of these policies needs to be determined based on specific
circumstances (De Janvry and Sadoulet, 2010). For example, in the
context of Tanzania, Kawishe et al. discuss the political aspects of
agricultural fiscal policy implementation and use qualitative research
methods to reveal how political dynamics can render agricultural
policy implementation ineffective (KKawishe and Mallya, 2022).

Existing studies highlight that both infrastructure development
and agricultural research investment constitute crucial components of
government agricultural fiscal policies. Fiscal expenditure for
agriculture plays a positive role in promoting grain production,
effectively mitigating the adverse effects of climate change, and better
addressing the challenges of climate change (Yafen et al., 2015; Yixuan
and Zhongjian, 2022). Although Zhu et al. analyze the impacts of
climate change and fiscal expenditure for agriculture on agricultural
output (Zhu Tiehui and Lei, 2012), they do not deeply explore the
specific contribution of fiscal expenditure for agriculture in addressing
climate change. Indeed, by integrating governmental actions and
climate change into the same analytical framework, a more
comprehensive understanding of the impact of climate change on
agricultural production and the governments role in addressing
climate change can be achieved (Jieming et al., 2006; Alston et al.,
2010). This not only enriches research on the impact of climate change
on grain production but also aids in comprehending the efficiency of
fiscal expenditure for agriculture. While many current studies use
crop yield models to investigate the effects of climate change on grain
yield, this approach might overestimate the impacts. Incorporating
economic variables into the model can provide a more accurate
estimation of the effects of climate change. It is worth noting that most
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studies only focus on the linear impact of climate change on grain
production, neglecting research on nonlinear relationships. This
oversight reduces the reliability and long-term predictive capability of
the results. Consequently, investigating the nonlinear effects of climate
change on grain production becomes especially important in future
research on stable and increased grain production.

The significance of this study lies in its in-depth exploration of the
extent to which agricultural production in Heilongjiang Province is
affected by climate change and the role of fiscal expenditure for
agriculture in mitigating this impact. Moreover, our work enriches
and advances theoretical insights and empirical evidence in the field
of climate change and food security, offering guiding significance for
Chinass efforts to tackle the challenges of global warming and achieve
national food security goals. We analyze the relationship between
climate change and agricultural production at the macro level,
construct an economic climate model using the Cobb-Douglas
production function, and utilize feasible generalized least squares to
address heteroscedasticity, autocorrelation, and cross-sectional
contemporaneous correlation in the model. This provides a novel
approach to economic methods for studying the impact of climate
change on agricultural production. Furthermore, we delve into the
impacts of climate change on the yield of rice, maize, and wheat in
Heilongjiang Province, uncovering the linear and nonlinear
characteristics of climate change’s effects on crop yields and analyzing
regional differences in the impact of climate change on grain
production. The research findings enhance our accurate understanding
and prediction of the impacts of climate change on agricultural
production, providing policymakers with more targeted strategies.
Additionally, we investigate the role of fiscal expenditure for
agriculture in addressing the effects of climate change, which serves
as a significant complement to current research. Although previous
studies have highlighted the threats of climate change to agricultural
production, explorations into policy measures to mitigate these threats
remain insufficient. Thus, this study examines how agricultural fiscal
expenditure policies can enhance Heilongjiang Province’s adaptability
to climate change, ultimately safeguarding agricultural production.
Concerning the response to the impact of climate change on
agricultural production, this research finds that fiscal expenditure for
agriculture significantly promotes this response. This discovery offers
a reference for policy formulation.

2 Methodology

2.1 Theoretical analysis and research
hypothesis

2.1.1 Climate change and crop yield

The yield of crops is not only influenced by input factors but also
significantly constrained by climatic conditions. With the intensification
of climate change, its impact on crop yields is increasingly evident. One
of the prominent features of climate change is the rise in temperature,
accompanied by noticeable spatial and temporal changes in precipitation
patterns. The increase in temperature leads to the expansion of warm
temperate zones northward, thereby providing favorable temperature
conditions for crop cultivation in mid-to-high latitude regions, thus
benefiting crop yields. The adverse effects of climate change are mainly
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manifested in extreme weather events, such as frequent droughts and
floods (Waseem et al., 2022; Abbas et al., 2023), directly resulting in
reduced crop yields and limiting yield improvements. Different crops
have varying degrees of adaptability to their growing environments, so
climate change may lead to an expansion of the planting area for some
crops while reducing the planting area for others. For Heilongjiang
Province, climate change is expected to improve the production
conditions for cereal crops, meeting the basic requirements for crop
cultivation in terms of accumulated temperature conditions, despite the
province experiencing a higher rate of warming compared to the
national average during the same period (Lupeng et al., 2005; Jianying
and Jianping, 2011). However, for regions with poor production
conditions, especially in the eastern and central-northern parts of
Heilongjiang Province, warming temperatures are conducive to yield
improvements. Although climate change has adverse effects on regions
with relatively good production conditions in Heilongjiang Province,
the planting area for cereal crops in these regions accounts for less than
half of the province’s total, and the impact of extreme weather events is
insufficient to offset the positive effects of climate change province-wide.
Based on the above analysis, this study proposes the following hypothesis:

HI: Climate change has heterogeneous effects on grain crop yield
in Heilongjiang Province, primarily exhibiting a positive influence.

2.1.2 Fiscal expenditure for agriculture and crop
yield

Fiscal expenditure for agriculture constitutes a crucial driving
force for achieving high-quality agricultural development and holds
significant importance for ensuring stable grain production in China.
The pathways through which fiscal expenditure for agriculture
enhances crop yield levels include the following aspects: Firstly, the
allocation of agricultural research funds within fiscal expenditure can
elevate grain production technology. This is achieved through
technological advancements that enhance crop yield, including the
cultivation and promotion of new crop varieties, the dissemination of
new production techniques, and macro-level adjustments to
cultivation structure (Chaojing et al., 2016; Binlei and Shuo, 2021;
Tuanbiao and Lin, 2022). For instance, Hong and Jinwei (2020) found
that increased research and development investment fosters
innovation, which, in turn, enhances grain production efficiency and
yield through technological progress. Secondly, various agricultural
subsidy policies embedded within fiscal expenditure, such as subsidies
for agricultural machinery acquisition and production factors,
influence input factors to enhance crop yield (Keqiang and Xinhua,
2010; Juncong et al., 2016). Thirdly, support for departments related
to agriculture, forestry, and water, as well as underdeveloped areas,
within fiscal expenditure can improve agricultural production
infrastructure, protect arable land, and boost household income,
thereby stimulating proactive crop production (Mendelsohn et al.,
2001; Jianjun and Yan, 2013; Chen et al,, 2016; Qingjiang and Jie,
2021). Le and Fusheng (2018) empirically analyzed the influence of
rural infrastructure on total factor productivity in grain production,
revealing that improved rural infrastructure can enhance overall grain
production productivity.

Since 2004, Chinas “Number One Central Document” has

consistently focused on rural issues and introduced a series of policies to
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support and benefit agriculture. The intensity of fiscal expenditure for
agriculture has increased, resulting in consecutive years of growth in
grain production and remarkable achievements. However, despite
intensified efforts in agricultural fiscal expenditure across regions,
variations in resource endowments and production conditions lead to
differing impacts on crop yield. Through comparative analysis of the
positive stimulus effects of agricultural fiscal expenditure on crops in
various regions, scholars have found that the positive influence of fiscal
expenditure on crop yield is more pronounced in major grain-producing
areas (Keqiang and Xinhua, 2010; Hong and Jinwei, 2020). In light of the
above analysis, this study proposes the following hypothesis:

H2: Fiscal expenditure for agriculture can enhance the yield of
grain crops in Heilongjiang Province.

2.1.3 Role of fiscal expenditure for agriculture in
addressing the impact of climate change on crop
yield

The impact of climate change on grain production is long-term,
and relying solely on spontaneous adaptive behaviors of farmers is
insufficient to effectively address the enduring effects of climate
change on crop yield (Juncong et al., 2016). The role of fiscal
expenditure for agriculture in mitigating the impact of climate
change on crop yield is twofold. Firstly, within fiscal expenditure for
agriculture, categories such as farmland renovation, construction of
irrigation and drainage facilities, and agricultural research
investment directly confront the effects of climate change. Measures
such as transforming high-standard farmland to accommodate
mechanized production and mitigate droughts and floods are
employed to enhance grain production efficiency and elevate crop
yield levels. Furthermore, categories like cultivation guidance within
fiscal expenditure for agriculture, through the formulation of
scientifically informed planting schemes, provide long-term
adaptations to climate warming by enhancing yield levels through
informed guidance. Secondly, fiscal expenditure for agriculture can,
in the short term, adapt to climate warming and enhance crop yield
through alterations in input factors. Specifically, policies like
subsidies for agricultural machinery acquisition within fiscal
expenditure can expedite the process of agricultural mechanization
(Yang et al., 2023). Mechanized operations enhance production
efficiency and facilitate land circulation, while large-scale
mechanized cultivation yields economies of scale, subsequently
elevating crop yield levels. Concurrently, the concentration of
agricultural land promotes the non-agricultural transfer of labor,
further augmenting crop yield levels (Zhao et al., 2021). In summary,
this study posits the following hypotheses:

H3: Fiscal expenditure for agriculture is capable of addressing the
impact of climate change, thereby improving crop yield.

H3a: Fiscal expenditure for agriculture can enhance crop yield
through modifications in input factors.

Note: The theoretical analysis framework for climate change,

agricultural fiscal expenditure, and grain yield per unit area can be
found in Figure 1.
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2.2 Model specification and data sources

2.2.1 Model specification

Grain production is influenced by a multitude of factors,
including major input elements such as fertilizer application,
labor quantity, and agricultural machinery utilization, as well as
climate factors like temperature and precipitation. Moreover,
studies have indicated that the impact of climate on grain
production exhibits nonlinear characteristics and is subject to
regional environmental influences (Jianjun and Yan, 2013;
Qingjiang and Jie, 2021). This implies that the influence of climate
factors on grain production is not a simple linear relationship, but
rather demonstrates nonlinear variation within a certain range.
Additionally, varying environmental conditions across different
regions lead to disparities in how climate factors affect grain
production. Therefore, building upon the foundation of Shudong
and Honggen (2010) research, this study has constructed the
economic-climate model of the following equation (1), referencing
the Cobb-Douglas production function.

Inyieldys = oy + ap InCyy + a3 (InCy )2 +oylnly +as InX;,
iy +di + i (1)

In equation (1), i denotes cities, ¢ represents years, s indicates
crops, yield;s represents crop yield per unit area, Cj; represents annual
temperature and precipitation, J;; represents fiscal expenditure for
agriculture, Xj; represents a set of control variables that can impact
crop yield, #; represents time fixed effects, d; represents regional fixed
effects, og; and represents the error term.

To examine the mechanism by which fiscal expenditure for
agriculture addresses the impacts of climate change, the study employs
the following model:

Inyieldys = oy + & InCy; + a3 (InCyg )2 +y1InXy x Inl;
+aglnly +as InXi + 1t + d; + i )

In equation (2), y1 In Xj; x In Jj; represents the interaction term
between fiscal expenditure for agriculture and control variables.
This interaction term is included to investigate the interplay
between fiscal expenditure for agriculture and control variables,
thus exploring the pathways through which fiscal expenditure for
agriculture impacts crop yield under the influence of climate
change. Furthermore, building upon equation (1), the interaction
term between fiscal expenditure for agriculture and climate factors
is introduced to investigate the role of fiscal expenditure for
agriculture in addressing the impacts of climate change. The model
is specified as follows:

Inyieldys = a1 + oy InCiy + a3 (lnC,-,)2 +y1InCy x Inljy
+aglnly + as InXy +t; + d; + pj 3)

In equation (3), 1 InCj; x In[;; represents the interaction term
between fiscal expenditure for agriculture and climate factors. If the
coefficient is significant, it indicates that fiscal expenditure for
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agriculture can play a role in addressing the i-th climate factor. Other
variables are the same as those in equation (1).

Furthermore, building upon equation (1), the interaction term
between climate factors and regional dummy variables is introduced
to assess the degree to which grain crops in different regions are
affected by climate change.

This study conducts empirical analysis using panel data from
municipal levels in Heilongjiang Province from 2000 to 2020. Due to
the long time span of 20years, disturbances in the model may
be accompanied by complex issues such as “between-group
heteroscedasticity, “within-group autocorrelation,” and “cross-
sectional contemporaneous correlation” The presence of
heteroscedasticity and autocorrelation can weaken the effectiveness of
parameter estimation. To verify the existence of these issues, Greene
Wald test, Wooldridge Wald test, and Pesaran test are employed. The
results indicate that disturbances in the model do indeed exhibit all
three of the aforementioned issues. To address these problems, this
study employs the comprehensive Feasible Generalized Least Squares
(FGLS) method for model estimation. Compared to fixed effects and
random effects models, FGLS is more flexible in handling
heteroscedasticity, autocorrelation, and cross-sectional
contemporaneous correlation issues in panel data. When
heteroscedasticity and autocorrelation are present, fixed effects and
random effects models may lead to biased parameter estimates,
whereas FGLS is not constrained by these assumptions and can more
effectively address heteroscedasticity and autocorrelation issues.
Choosing FGLS not only corrects biases in parameter estimation but
also enhances the robustness and reliability of the model, making the
research results more convincing.

2.2.2 Measurement and description of variables

2.2.2.1 Dependent variables

yieldj is the dependent variable, representing the yield per unit
area of a certain type of grain crop. It includes the yield per unit area
of rice, wheat, and corn in the i-th city in the t-th year.

10.3389/fsufs.2024.1349840

2.2.2.2 Key independent variables

Climate variables. The impact of climate on agricultural
production is mainly reflected in temperature and precipitation.
Considering that both the climate inside and outside the growing
season are related to crop yields, and the climate prior to sowing also
influences the planting period, this paper uses the annual average
temperature and total precipitation as climate indicators to measure
their impact on agricultural production. Figure 2 shows the climate
change in Heilongjiang Province over the past 20years. Although
there have been fluctuations in annual precipitation and average
annual temperature, there is an overall upward trend, especially in
annual precipitation, which shows greater variability than average
annual temperature.

Fiscal Expenditure for Agriculture. Fiscal expenditure for
agriculture is represented in this study using data on agricultural fiscal
expenditure from various cities in Heilongjiang Province. Given the
extended time span and changes in statistical records, the study
aggregates rural production support expenditure, comprehensive
agricultural development expenditure, expenses related to agriculture,
forestry, water, and meteorology, support for underdeveloped areas,
and agricultural technology expenses as indicators of fiscal
expenditure for agriculture. Due to data gaps for certain cities prior to
2010, the agricultural expenditure-to-GDP ratio reported in municipal
statistical bulletins for that year is employed for estimation
and conversion.

2.2.2.3 Control variables

These encompass agricultural labor input, agricultural machinery
input, fertilizer input, cropping structure, and irrigation ratio. As the
dependent variable under consideration is grain yield per unit area,
preprocessing of control variables is necessary before model estimation.

Introducing regional dummy variables aims to control for the
potential influence of unobservable factors at the municipal level on
grain yield over time. Additionally, interaction terms between climate
factors and regional dummy variables are employed to assess the
differential impacts of climate change on grain yield across different
regions. Based on the climate characteristics and distribution of
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FIGURE 1
The theoretical framework of climate change, fiscal expenditure for agriculture, and crop yield.
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Climate change in Heilongjiang province over the last 20 years. The data is sourced from the "Heilongjiang Statistical Yearbook 2001-2021."
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grain-producing areas in Heilongjiang Province, Heilongjiang
Province is divided into three geographical regions: the Sanjiang Plain,
the Songnen Plain, and other areas. Using the Songnen Plain as the
reference, corresponding regional dummy variables are set. The value
is set to 1 if in that region and 0 otherwise. The Sanjiang Plain includes
Jiamusi City, Jixi City, Hegang City, Shuangyashan City, and Qitaihe
City; the Songnen Plain includes Harbin City, Qiqihar City, Suihua
City, and Dagqing City; and other areas include the Daxing’anling
Region, Heihe City, Yichun City, and Mudanjiang City. Figure 3 shows
the map of Heilongjiang Province, Figure 4 presents the temperature
changes in various regions of Heilongjiang Province over the past
20years, and Figure 5 shows the corresponding changes in annual
precipitation for each region. From Figures 3, 4, it can be seen that
although there have been fluctuations in annual precipitation and
annual average temperature in various regions of Heilongjiang
Province over the past 20 years, overall, they have shown an upward
trend. In terms of annual average temperature, the Songnen Plain is
the highest, followed by the Sanjiang Plain, and other areas are the
lowest. The temperature change trend shows that the magnitude of
increase in the Sanjiang Plain and other areas is the same, and both
are higher than that of the Songnen Plain. In terms of annual
precipitation, the Sanjiang Plain is the highest, followed by other areas,
and the Songnen Plain is the lowest. In terms of precipitation change
trends, the magnitude of change in the three regions is
roughly equivalent.

2.2.3 Data source and descriptive statistics

The dependent variable (grain yield) and control variables (total
agricultural machinery power, fertilizer application, agricultural
population, irrigation ratio, and agricultural structure) used in this
study are all from the “Heilongjiang Statistical Yearbook” from 2001
to 2021. Climate variables, including annual average temperature
(°C) and total annual precipitation (dm), are sourced from
statistical entries on annual average temperature and annual
precipitation in major cities (districts) in the “Heilongjiang
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Statistical Yearbook” and “Heilongjiang Yearbook” from 2001 to
2021. Due to missing data on agricultural fiscal expenditure for
individual cities before 2010, the proportion of agricultural
expenditure to GDP in the statistical bulletin of each city for that
year is used for conversion. The data for each year are adjusted for
inflation using the unchanged prices from 2000. The data used are
from the “Heilongjiang Statistical Yearbook” and the statistical
bulletins of various cities. Table | presents the descriptive statistics
of the main variables in this empirical analysis.

For the subject of investigating climate change, a dataset spanning
21 years is relatively brief. However, constrained by Chinese statistical
data, only data from 2000 to 2020 is available. Historical data beyond
this period is lacking. To acquire data for additional years in order to
explore the impact of climate change and fiscal expenditure for
agriculture on crop yield, it might be necessary to wait for several
years. Furthermore, climate change encompasses a multitude of
factors; however, our study solely encompasses two climate variables:
temperature and precipitation. While we aspired to incorporate other
factors, most variables are absent in Chinese statistical data. The
inclusion of these additional factors could even jeopardize the
integrity of data spanning from 2000 to 2020. Striking a balance
between the quantity of variables and the temporal scope, we opted
for a focus on the temporal dimension.

3 Results and analysis
3.1 Analysis of baseline regression results

This section assesses the overall impact of climate change and
fiscal expenditure for agriculture on grain production in Heilongjiang
Province, with the estimation results presented in Table 2. Columns
(1), (3), and (5) show the regression results without control variables,
while other columns depict results after incorporating control
variables. It is evident that with the inclusion of control variables, the
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regression coeflicients for climate factors and fiscal expenditure for
agriculture notably decrease. This indicates that economic variables
can mitigate the influence of climate change on crop yield,
substantiating Hypothesis H1.

When considering individual crops, columns (1) and (2) detail the
regression results for the impact of climate change on rice yield. Both
linear and quadratic terms of temperature and precipitation exhibit
significance, suggesting a nonlinear effect of climate change on rice
yield in Heilongjiang Province. The elasticity of temperature is 0.055
and is statistically significant at the 5% level, while the elasticity of
precipitation is 0.976 and is significant at the 1% level, implying a
positive promotion of rice yield due to climate change. The quadratic
coefficients indicate a U-shaped relationship between temperature and
rice yield, with the temperature of the curve’s nadir at 0.067. This value
falls within the temperature range of 0.01 to 6.62, indicating that a
continued rise in temperature is favorable for rice cultivation and
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increased yield. Precipitation’s impact on rice yield follows an inverted
U-shaped pattern, revealing an optimal turning point. The
corresponding annual precipitation total at this turning point is
54.1dm, within the range of precipitation values (24.9-113).

Columns (3) and (4) present the regression results of climate
change on wheat yield. In the absence of control variables, climate
change’s impact on wheat yield is not statistically significant. However,
upon integrating control variables, only temperature significantly
influences wheat yield, with an elasticity of-0.158 and statistical
significance at the 5% level. This suggests that irrespective of input
variations, climate change is consistently detrimental to wheat
production in Heilongjiang Province. Consequently, under scenarios
of continuous warming, wheat cultivation in Heilongjiang should
be reduced.

Columns (5) and (6) display the regression results for the
impact of climate change on maize yield. The significance and
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TABLE 1 Descriptive Statistics of key variables in the empirical analysis.

Variable name

Units and symbols

Yield per unit area kg/ha, Yield 6,730 1,331 6,654 1,640 2,969 1,053

Average annual temperature Celsius, Aat 3.79 1.70 3.79 1.70 3.79 1.70
Independent

Total annual precipitation Decimeter, Tap 5.68 1.46 5.68 1.46 5.68 1.46
variable

Fiscal expenditure for agriculture 100 million yuan, Fsfag 12.80 17.29 12.80 17.29 12.80 17.29

Mechanical input kW/ha, Mi 1.83 0.74 1.78 0.75 1.70 0.71

Labor input Person/ha, Li 0.36 0.17 0.35 0.18 0.35 0.19
Control

Fertilizer input Ton/ha, Fi 0.08 0.03 0.08 0.03 0.12 0.04
variable

Irrigation ratio Percentage, Lr 19.82 15.56 19.82 15.56 19.82 15.56

Planting ratio Percentage, Pr 17.16 13.37 32.55 19.90 2.41 5.21

coefficients of climate variables correspond with those of rice,
signifying a favorable impact of climate change on maize cultivation
and yield enhancement. Specifically, the temperature elasticity is
0.121 and is significant at the 1% level. The quadratic coefficient for
temperature indicates a U-shaped effect, with the optimal
temperature at 0.056. This value falls within the temperature range
of 0.01 to 6.62, indicating a conducive environment for maize
cultivation and increased yield under a continued rise in
temperature. The elasticity of precipitation is 1.324 and is significant
at the 1% level. The quadratic coeflicient for precipitation indicates
a negative impact, suggesting an inverted U-shaped relationship.
The positive effect of precipitation on maize yield begins to wane
when the annual precipitation total reaches 55.2 dm. The impact of
climate change on the yield of the three crops in Heilongjiang
Province varies, substantiating Hypothesis HI.

For all three crops, fiscal expenditure for agriculture significantly
and positively promotes crop yield, with regression coefficients
remaining statistically significant across different levels of significance.
Specifically, the elasticity of fiscal expenditure for rice is 0.035, for
wheat it is 0.103, and for maize it is 0.05. This confirms the role of
fiscal expenditure for agriculture in enhancing grain crop production,
supporting Hypothesis H2.
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3.2 Effects of fiscal expenditure for
agriculture

3.2.1 Regulatory role of fiscal expenditure for
agriculture on crop yield

Fiscal expenditure for agriculture plays a role at the macro level in
influencing crop yield, primarily manifested through adjustments in
planting structure and alterations in production inputs. Specifically,
the adjustment of planting structure refers to government actions,
represented by fiscal expenditure for agriculture, in planning crop
cultivation to address the impacts of climate change on crop yield,
thereby adapting to the long-term effects of climate change on grain
crop yield. Changing production inputs, on the other hand, pertains
to the influence of fiscal expenditure for agriculture on traditional
production factors in the context of climate change. This mainly
encompasses capital and labor inputs (Zhang et al., 2024), coupled
with the spontaneous adaptive behaviors adopted by farmers during
production and the principal direction of fiscal expenditure for
agriculture. This study emphasizes the impact of fiscal expenditure for
agriculture on labor and machinery inputs.

As indicated in Table 3, fiscal expenditure for agriculture can
affect crop yield by adjusting maize planting structure and by
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TABLE 2 Baseline regression results.

Variable name

Aat 0.083%** 0.055%* —0.061 —0.158%%* 0.124%%* 0.121%%%
(0.021) (0.024) (0.041) (0.064) (0.027) (0.035)
Tap 0.777%%% 0.976%** —0.526 -0.777 1.458%%#%* 1.324%%%
(0.273) (0.270) (0.683) (0.692) (0.348) (0.347)
Fsfag 0.042%* 0.035% 0.141%%* 0.103** 0.073 %% 0.050%
(0.019) (0.019) (0.039) (0.042) (0.025) (0.028)
Aat square 0.019%** 0.015%** 0.001 —0.016 0.023 %% 0.021%**
(0.005) (0.005) (0.010) (0.013) (0.006) (0.007)
Tap square —0.239%** —0.306%** 0.185 0.263 —0.431%%* —0.387%%*
(0.081) (0.081) (0.206) (0.209) (0.104) (0.104)
Constant 8.122%** 7.827%%* 7.568%%* 7.8427%%% 7.370%%* 7.735%%%
(0.233) (0.258) (0.576) (0.650) (0.297) (0.339)
Control No Yes No Yes No Yes
N 258 258 241 241 273 273
Wald-P 0.000 0.000 0.000 0.000 0.000 0.000

(1) *##%, #% and *, respectively, indicate significance at the 1, 5, and 10% levels, with standard errors in parentheses; (2) To avoid multicollinearity issues caused by including higher-order
terms, all higher-order terms in the model are centered; (3) Heteroscedasticity between groups and contemporaneous correlation are controlled in all models; (4) Time fixed effects and region

fixed effects are controlled in all models.

influencing labor and machinery inputs for all three crops (Zhang
etal, 2024). Specifically, the interaction between fiscal expenditure for
agriculture and the planting structure has a significantly negative
impact on maize yield, while no substantial effect is observed on rice
and wheat yields. This suggests that increased investment in adjusting
planting structure could yield unfavorable outcomes. The interaction
between fiscal expenditure for agriculture and labor input significantly
negatively impacts the yield of all three crops. For crop yield, high
output entails achieving higher yields with fewer inputs. Fiscal
expenditure for agriculture can reduce labor input during crop
production, thereby enhancing yield. In the context of climate change,
fiscal expenditure for agriculture can alter labor input to favor
increased crop yield. Similarly, given the high level of comprehensive
mechanization in grain crop cultivation in Heilongjiang Province,
increased fiscal expenditure for agriculture would restrain the positive
impact of machinery input on crop yield. This suggests that the
existing machinery power meets production requirements and that
future fiscal expenditure for agriculture should be directed toward
other categories, thereby enhancing grain crop yield. In summary,
hypothesis H3a is confirmed.

3.2.2 Effects of fiscal expenditure for agriculture
in responding to climate change

Table 4 presents the regression results concerning the effects of
fiscal expenditure for agriculture in responding to climate change.
The odd-numbered columns display the results without controlling
for variables, while the even-numbered columns show the results
after incorporating control variables. The findings indicate that
fiscal expenditure for agriculture has a significant positive impact
on the yield of rice, wheat, and maize. These results are consistent
with the baseline regression, suggesting the robustness of this
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variable’s influence. Fiscal expenditure for agriculture is capable of
enhancing crop yield. The interaction between fiscal expenditure
for agriculture and temperature does not exert a significant impact
on the yield of all three crops. However, the interaction between
fiscal expenditure for agriculture and precipitation has a significant
positive effect on rice and maize yield at the 1% statistical
significance level, but its positive impact on wheat is not significant.
This implies that fiscal expenditure for agriculture reinforces the
positive impact of precipitation on crop yield for these three crops,
while its effectiveness in mitigating the impact of temperature on
crop yield is less pronounced.

In more detail, fiscal expenditure for agriculture amplifies the
marginal positive effect of temperature on rice yield by 23.53 to
37.29%, although insignificantly. It also enhances the marginal
positive effect of precipitation on rice yield by 18.08 to 21.07%,
significantly at the 1% level. Its role in addressing climate change’s
impact on wheat yield is less discernible. For maize, fiscal
expenditure for agriculture reduces the marginal positive effect of
temperature by 39.17%, significantly at the 5% level, although this
significance diminishes when control variables are introduced,
suggesting its limited effect in responding to temperature changes
in maize yield. It amplifies the marginal positive effect of
precipitation on maize yield by 15.42 to 18.26%, significantly at the
5% level. In conclusion, the role of fiscal expenditure for agriculture
in addressing climate change has not achieved the anticipated
results. Potential reasons include the predetermined nature of fiscal
expenditure for agriculture, making it less responsive to unforeseen
events, as well as the lagged effect of such expenditure (Wang et al.,
2022). Furthermore, different crops require distinct growth
environments, leading to varying effects of fiscal expenditure for
agriculture on the yield response to climate change.
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TABLE 3 Effects of fiscal expenditure for agriculture on crop yield.

10.3389/fsufs.2024.1349840

Variable
name
FsfagxPr —0.004 0.000 —0.015*
(0.006) (0.008) (0.008)
FsfagxLi —0.0327%%* —0.053%%* —0.096%**
(0.015) (0.026) (0.018)
FsfagxMi —0.059%%** —0.187%*%* —0.108%#*
(0.017) (0.035) (0.022)
Fsfag 0.058%* 0.053* 0.050%* —0.014 —0.038 —0.071 0.117%%* 0.093%* 0.098%*
(0.027) (0.027) (0.027) (0.067) (0.066) (0.063) (0.041) (0.039) (0.039)
Pr 0.069%* 0.038%* —0.069*
(0.033) (0.017) (0.036)
Li —0.101%* 0.296%** 0.080
(0.046) (0.115) (0.061)
Mi 0.019 —0.030 —0.043
(0.038) (0.093) (0.052)
Constant 8.163%** 8.113%%* 8.142% %% 7.670% %% 7.518%%* 8.346%** 7.922% %% 7.956% %% 8.107***
(0.258) (0.276) (0.272) (0.671) (0.653) (0.626) (0.340) (0.335) (0.334)
Control Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 258 258 258 241 241 241 273 273 273
Wald-P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

(1) ###, % and *, respectively, indicate significance at the 1, 5, and 10% levels, with standard errors in parentheses; (2) To avoid multicollinearity issues caused by including higher-order

terms, all higher-order terms in the model are centered; (3) Heteroscedasticity between groups and contemporaneous correlation are controlled in all models; (4) Time fixed effects and region

fixed effects are controlled in all models.

TABLE 4 Effects of fiscal expenditure for agriculture in responding to climate change.

Variable name

FsfagxAat 0.009 0.009 —0.008 —0.011 —0.017%* —-0.011
(0.006) (0.006) (0.012) (0.011) (0.007) (0.007)
FsfagxTap 0.088%##* 0.0877#%* 0.039 0.042 0.056%* 0.073 %%
(0.021) (0.022) (0.055) (0.055) (0.027) (0.027)
Fsfag 0.033* 0.037%* 0.099%* 0.136%** 0.046* 0.066%**
(0.018) (0.018) (0.042) (0.039) (0.027) (0.025)
Aat 0.053%* 0.084#** —0.161%* —0.069* 0.120%** 0.117%%*
(0.024) (0.020) (0.064) (0.042) (0.035) (0.027)
Tap 1.069%#* 0.9077#%* —0.651 —0.375 1.515%%%* 1.666%+#*
(40.262) (0.265) (0.706) (0.699) (0.348) (0.348)
Constant 9.6427% %% 9.664 %% 6.602%%* 6.926%** 10.288%*%* 10.228%**
(0.251) (0.239) (0.685) (0.627) (0.345) (0.315)
Control No Yes No Yes No Yes
N 258 258 241 241 273 273
Wald-P 0.000 0.000 0.000 0.000 0.000 0.000

3.3 Heterogeneity analysis Plain, and other regions, with the Songnen Plain as the reference.
Using interaction terms, we investigate the impact of climate change
Based on the distribution of grain production regions, on crop yield in these three regions and conduct intra-group

Heilongjiang Province is divided into the Sanjiang Plain, Songnen  comparisons. Based on specific climatic conditions, Heilongjiang
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Province is categorized into the Songnen Plain and non-Songnen
Plain regions. We utilize grouped regression to examine the effect of
climate change on crop yield in these two climatic zones and conduct
inter-group comparisons. The results are presented in Table 5, with
columns (1)-(3) displaying the results with interaction terms and
columns (4)-(9) displaying the results of grouped regression.

The results of interaction term regressions reveal that the
interaction term between temperature and the Sanjiang Plain and
other regions does not have a significant impact on the yield of the
three crops. However, the interaction term between precipitation and
these regions significantly and positively affects the crop yield at
various levels of statistical significance. This implies that temperature
does not exhibit noticeable heterogeneity across different regions,
while precipitation does have a significant heterogeneous effect. This
may be due to the fact that, despite the rapid warming rate in
Heilongjiang, certain areas, such as the Sanjiang Plain, do not yet meet
the requirements for large-scale cultivation of staple crops due to
insufficient accumulated temperature. On the other hand,
precipitation displays substantial inter-annual variability and
significant spatial-temporal differences, leading to distinct regional
disparities in its impact on crop growth. Looking at specific crops,
temperature has a significantly positive effect on rice yield in the
Songnen Plain, with an elasticity coefficient of 0.178 and significant at
the 10% level. The impact of temperature on rice yield in the Sanjiang
Plain and other regions is lower than that in the Songnen Plain, while
the impact of precipitation on rice yield in the Sanjiang Plain and
other regions is higher than that in the Songnen Plain. This is because
rice cultivation requires an adequate water supply, and an increase in
future precipitation has a positive effect on rice production in
Heilongjiang. Additionally, the accumulated temperature suitable for
rice growth is around 2,700°C, and the continuous increase in

10.3389/fsufs.2024.1349840

temperature in the future can expand the area of rice cultivation,
thereby improving rice yield. Heilongjiang plants spring wheat, and
the low temperature and drought in spring have a negative impact on
wheat yield in Heilongjiang. Precipitation has a significantly positive
effect on wheat yield in the Sanjiang Plain and other regions.
Compared to the effect of climate change on maize yield in the
Songnen Plain, the positive impact of precipitation on maize yield in
the Sanjiang Plain and other regions is more significant, which is
consistent with the research conclusions of Huang et al. (2017).
Climate change favors the improvement of maize yield in Heilongjiang.

Group regression results indicate that the impact of climate
change on crop yields varies significantly across different regions.
Overall, temperature has a significantly positive effect on rice and
maize production in non-Songnen Plain regions, while precipitation
has a significantly positive effect on rice and maize production in the
Songnen Plain region. However, precipitation has a significantly
negative effect on wheat yield in non-Songnen Plain regions (Huang
etal., 2017). The reasons for these significant differences are as follows:
Firstly, the agricultural production conditions in the Songnen Plain
are favorable, as it is one of the world’s three major black soil belts with
fertile soil. Secondly, the Songnen Plain is one of China’s important
commodity grain bases with well-developed agricultural infrastructure
and advanced agricultural technology. Thirdly, the climate in the
Songnen Plain is suitable, with sufficient accumulated temperature
throughout the year for the cultivation of grain crops, although
precipitation is slightly insufficient year-round. An increase in
precipitation would have a positive effect on grain crop yields (Du
et al., 2016). Specifically, for the Songnen Plain, precipitation has a
positive impact on rice yield with an elasticity coefficient of 0.976 and
statistical significance at the 1% level. However, the impact of
temperature on rice yield in the Songnen Plain is adverse. This finding

TABLE 5 Heterogeneity test of climate change effects on crop production in different regions.

Variable Rice Wheat Corn
HES (4) sn (5) no sn (6) sn (7) no sn (9) no sn
Aat 0.178* —0.360 0.016 —0.350 0.087%** —1.355 —0.058 —0.555 0.160%**
(0.100) (0.285) (0.146) (0.631) (0.024) (2.288) (0.055) (0.883) (0.038)
Tap 0.307 —3.040%** 0.555 0.976%** -0.215 0.165 —3.265%%% 2.504 %% —0.318
(0.346) (0.870) (0.435) (0.320) (0.410) (1.120) (0.824) (0.458) (0.520)
Aat x sanjiang —0.130 0.243 0.114 - - - - - -
(0.099) (0.278) (0.143) - - - - - -
Aatx other —0.011 —0.068 0.069 - - - - - -
(0.090) (0.231) (0.129) - - - - - -
Tapxsanjiang 0.2377%%% 0.778%*%* 0.349%#% - - - - - -
(0.078) (0.207) (0.105) - - - - - _
Tapxother 0.181%* 0.707%%% 0.186* - - - - = -
(0.081) (0.202) (0.108) - - - - - -
Constant 8.944 %% 3.701%%* 9.023%** 8.455%*# 8.716%*% 8.4807%** 9.698*7** 6.248%+%* 8.864%**
(0.366) (0.956) (0.497) (0.631) (0.376) (1.960) (0.737) (0.947) (0.473)
Control Yes Yes Yes Yes Yes Yes Yes Yes Yes
N 258 226 258 84 174 72 169 84 189
Wald-P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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is generally in line with the conclusions of Wenhui et al. (2020). This
could be attributed to the Songnen Plain having a temperate monsoon
climate characterized by high temperatures and heavy rainfall in
summer, and cold and dry conditions in autumn, which makes it
prone to drought and pest infestations. Temperature positively affects
rice yield in non-Songnen Plain regions with an elasticity coefficient
of 0.087 and statistical significance at the 1% level. Meanwhile, the
impact of precipitation on rice yield in these regions is adverse,
indicating that the lower accumulated temperature in non-Songnen
Plain regions causes climate change to elevate temperature conditions
suitable for rice cultivation, while increased precipitation poses a
threat to rice cultivation in these areas. The adverse impact of
temperature on both the Songnen Plain and non-Songnen Plain
suggests that the current climatic conditions in Heilongjiang are not
suitable for large-scale wheat cultivation. The effects of climate change
on maize yield in the Songnen Plain and non-Songnen Plain are
similar to those on rice yield, with temperature exhibiting an elasticity
of 0.160 and statistical significance at the 1% level.

In conclusion, considering grain production regions, climate
change benefits rice and maize yield in the Sanjiang Plain and other
regions, but is unfavorable for extensive wheat cultivation. Examining
specific climatic characteristics, climate change predominantly
negatively affects the Songnen Plain, while it positively impacts rice
and maize yield in the non-Songnen Plain.

3.4 Robustness test

This study conducts robustness tests from two perspectives.
Firstly, a stepwise regression approach is employed. The results
indicate that the direction of the core explanatory variables
remains relatively stable. As each control variable is successively
introduced, the numerical values of the core explanatory variables
decrease overall. This suggests that the influence of climate change
on crop yield diminishes when socioeconomic variables are
incorporated. Secondly, model replacement is undertaken to verify
the robustness of the findings. Considering the presence of
heteroskedasticity and contemporaneous correlation issues, this
study employs the “Panel-Corrected Standard Errors” (PCSE)
estimation method to examine the benchmark regression
outcomes. Detailed regression results are presented in Table 6.
With minor variations in the magnitude of coefficients for
individual explanatory variables, the signs and significance levels
remain largely consistent with those in Table 3, confirming the
robustness of the conclusions drawn in this study.

4 Conclusion and discussion
4.1 Conclusion and recommendations

Examining the impact of climate change and fiscal expenditure for
agriculture on grain production in Heilongjiang Province contributes
to the formulation of effective strategies to address climate change,
ensuring domestic grain production in China, and alleviating
international food supply pressures. Based on panel data from
municipal levels in Heilongjiang Province for the period 2000-2020,
this study integrates climate factors and fiscal expenditure for
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TABLE 6 Robustness test.

Variable

name

Aat 0.071%*%* —0.195%%* 0.160%**
(0.014) (0.067) (0.038)

Tap 1.439%%* —0.479 2.159%**
(0.306) (1.032) (0.518)

Fsfag 0.031%%* 0.106%** 0.065%**
(0.010) (0.034) (0.019)

Aat square 0.019%** —-0.019 0.0347%%*
(0.003) (0.012) (0.007)

Tap square —0.4317%%% 0.184 —0.608%#*
(0.089) (0.304) (0.155)

Constant 7.391%%* 7.618%%* 6.609%**
(0.273) (0.930) (0.469)

Control Yes Yes Yes

N 258 241 273

(1) *#%, %% and *, respectively, indicate significance at the 1, 5, and 10% levels, with standard
errors in parentheses; (2) To avoid multicollinearity issues caused by including higher-order
terms, all higher-order terms in the model are centered; (3) Heteroscedasticity between
groups and contemporaneous correlation are controlled in all models; (4) Time fixed effects
and region fixed effects are controlled in all models.

agriculture into a unified framework. Empirical analyses are
conducted using the Fixed-Effect Generalized Least Squares (FGLS)
model to investigate the influence of climate change and fiscal
expenditure for agriculture on grain production, as well as the role of
fiscal expenditure for agriculture in mitigating the effects of climate
change. The following conclusions are drawn: (1) Climate change and
fiscal expenditure for agriculture have significant positive effects on
the yield of staple crops. (2) Climate change favors expanded
cultivation of rice and maize in Heilongjiang Province but is
unfavorable for wheat cultivation. Specifically, temperature exhibits a
significant positive linear relationship with rice and maize yields,
while precipitation demonstrates a significant inverted U-shaped
impact on rice and maize yields. Temperature negatively affects wheat
yield. (3) Fiscal expenditure for agriculture plays an effective role in
mitigating the impact of climate change on grain crop yields,
specifically by enhancing the positive effect of precipitation on the
yields of maize and rice. (4) Climate factors exhibit regional disparities
in their effects on grain crop yields, where climate change is
detrimental to regions with favorable production conditions such as
the Songnen Plain, but beneficial to colder regions like the
Sanjiang Plain.

Based on the conclusions of this study, the following
recommendations are provided: (1) Given the long-term impact of
climate change on the production of major grain crops in Heilongjiang
Province, policymakers should deepen their understanding of the
patterns of climate change effects. This includes understanding
regional differences in crop yields under different climatic conditions
and developing long-term adaptation strategies for major crops such
as rice, maize, and wheat; (2) Based on the research findings, the
government should adjust fiscal expenditure for agriculture, increase
investment in rural infrastructure and meteorological forecasting, and
enhance farmers’ capacity to adapt to climate change. At the same
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time, support should be focused on agricultural development in areas
with poorer production environments to mitigate the negative impacts
of climate change; (3) Considering the differential effects of climate
change on different crops, the government should adopt a more
flexible approach in future policies on crop structure. Adaptation of
crops such as rice, maize, and wheat to climate change should be taken
into account, and farmers should be encouraged to adjust their
planting structures based on climatic conditions to enhance the
overall stability of the agricultural system; (4) The government should
enhance support for agricultural research and promote the
development and adoption of new varieties to address the long-term
impacts of climate change on crop production. Furthermore, efforts
should be made to encourage the transition of agricultural production
methods in different regions, cultivating new varieties with high
adaptability and strong resistance to disasters to tackle the challenges
posed by climate change.

5 Discussion

This study comprehensively examines the current status of
agricultural production in Heilongjiang Province against the
backdrop of climate change and analyzes the role of fiscal
expenditure for agriculture in mitigating these impacts. Empirical
research indicates that fiscal expenditure for agriculture plays a
positive role in addressing the effects of climate change on
agricultural production. In the context of global climate change,
the findings of this study provide important guidance for
policymakers. However, it must be emphasized that agricultural
fiscal expenditure policies may not always yield positive effects
and may sometimes even lead to a range of issues. For instance,
some agricultural fiscal expenditure policies may result in
overexploitation of resources, exacerbate environmental pollution,
and consequently degrade the ecological environment in rural
areas. Therefore, future research is necessary to delve deeper into
the design and implementation of agricultural fiscal expenditure
policies to achieve a balance between agricultural production and
environmental protection. Future research can focus on the
following directions: Firstly, further explore the long-term effects
of fiscal expenditure on agricultural production, especially in the
context of climate change, to understand the continuous fiscal
support’s impact on the stability and resilience of agricultural
systems. Secondly, explore adaptive strategies for crops, such as
improving varieties and optimizing planting structures, to cope
with climate change. Additionally, the role of technological
innovation in enhancing crop resilience is crucial, and research
should focus on the application of new technologies in crop
growth to enhance the resilience of agricultural systems.

Our study focuses on Heilongjiang Province. Although it is a
major grain-producing region in China, the generalizability of the
research still needs further exploration. We hope that future
research can expand to a broader geographical area, including
other countries and regions, to conduct similar empirical studies
to validate and deepen our research findings. Methodologically,
we constructed an economic climate model using the Cobb-
Douglas production function and successfully addressed issues
such as heteroscedasticity, autocorrelation, and contemporaneous
cross-sectional correlation using feasible generalized least squares.
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This method provides important reference for future research on
the economic impact of climate change on agricultural production.
Model validation results show that the model effectively captures
the differences in agricultural production changes in different
regions of Heilongjiang Province. Based on the above research,
future studies can further explore and develop more refined and
complex models to more accurately analyze the impact of climate
change on agricultural production.
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