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ABSTRACT
Climate change is a pressing issue that poses severe threats to the development of the agricultural sector

worldwide. Vietnam’s agricultural system, especially rice cultivation, is no exception. This study employs an Error‑
Correction Model (ECM) to analyze the long‑term and short‑term effects of climate change factors, namely temper‑
ature and rainfall, on rice production across all 63 Vietnamese provinces between 2010 and 2023. The empirical
ϐindings show that there is a long‑term relationship between climate factors, rural population, and rice production.
Speciϐically, temperature factor negatively affects rice yields in both summer‑autumn and winter‑spring seasons,
while the negative effect of rainfall factor is observed for annual average rice and summer‑autumn rice crops among
provinces in Vietnam. The empirical ϐindings also show that of the human capital factor strongly enhances the
provincial rice output in Vietnam. Moreover, the effects of climate change factors on rice production signiϐicantly
vary across six regions in Vietnam. Building on these empirical ϐindings, the paper provides several policy implica‑
tions aimed at reducing the potential risks of climate change and contributing to the sustainable development of
not only Vietnam’s agriculture sector but also the nation’s economy.
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1. Introduction
Agriculture has long been regarded as one of

the most important sectors contributing to Vietnam’s
socio‑economic development [1, 2]. According to Vietnam
Chamber of Commerce and Industry [3] the agriculture
sector accounted for approximately one‑fourth of the
country’s GDP, demonstrating its role in shaping Viet‑
nam’s economic structure. Aside from its economic con‑
tributions, agriculture sector is critical to maintaining
Vietnam’s social stability since it serves as a key source
of employment. In 2022, the agriculture industry sup‑
ported the livelihoods of 33.06% of the total population,
equivalent to nearly 17.6million people in rural areas [4].

Undoubtedly, climate change has emerged as a se‑
rious threat to agricultural system since its productivity
is heavily dependent on favorable climatic and natural
conditions [5]. Among agroecosystems, rice cultivation
seems to be more vulnerable to climate change [6–8]. The
increase in average temperature, precipitation and other
extreme weather events could lead to various adverse
phenomena, including drought, ϐlood, and salinity intru‑
sion, resulting in soil degradation, water scarcity, and
even biodiversity loss, ultimately damaging cultivation
habitats and disrupting rice production stages [2, 9–12].
Rice is the primary staple food for Vietnamese people,
making up around 94% of arable land and being culti‑
vated across all regions [2]. Speciϐically, theMekongDelta
is the leading contributor to national rice production, ac‑
counting for 56% of the total output, followed by the
Red River Delta, the Central Coast Region, and other re‑
gions including the Northeast, Northwest, Central High‑
lands, and Southeast, with 16%, 14% and 14% [13]. In
2020, the rice output of Vietnam reached approximately
42.7 million tons of rice, positioning itself as the world’s
ϐifth‑largest rice producer and second‑largest rice ex‑
porter [14]. This emphasizes the importance of Viet‑
namese rice production in maintaining national food se‑
curity and global food supplies [15]. However, Vietnam’s
agriculture systems are extremely vulnerable to climate
change and natural threats due to its complex topogra‑
phywith a long coastline of approximately 3,260 kilome‑
ters [1, 16–18]. Climate change scenarios outlined by the
Ministry of Natural Resources and Environment in 2009
anticipated that rice yield decreases ranging from 4.2%

to 12.5% by the year 2030 [19]. Similarly, a study by Dat
and Thu [20] estimated that spring rice yields in the Red
River Delta could decline by 3.7% in 2020 and by 16.5%
by 2070, while summer rice productivity is expected to
fall by 1% in 2020 and by 5% by 2070. Additionally, the
authors also highlighted the detrimental impact of sea‑
level rise, projecting that a one‑meter increase could re‑
sult in the loss of approximately two million hectares of
rice‑growing land or 50% of the country’s total rice pro‑
duction area. Besides, the increase in salinity intrusion
in some agriculture hotspots is another major concern.
According to Global Facility for Disaster Reduction and
Recovery [21], rising salinity levels in coastal regions like
the Mekong Delta and Red River Delta could reduce agri‑
cultural productivity by 3.4% to 6.7% by 2025. Since cli‑
mate change is anticipated to continue devastating Viet‑
nam’s rice productivity, threatening national food secu‑
rity and rural livelihoods, therefore studying its effects
on rice production has become an essential concern.

In recent years, a growing body of literature on the
impacts of climate change on rice production has been
explored. Numerous studies have considered this re‑
lationship in China [22–25], Nepal [26–28], and other coun‑
tries [29–31]. In Vietnam, many studies have examined
the impact of climate change on rice production in
Vietnam, most rely on either national or regional data,
which may overlook substantial heterogeneity across lo‑
cations [1, 2, 5, 15, 32–38]. Vietnam’s provinces differ greatly
not only in economic and social conditions but also in ge‑
ography, climate exposure, and adaptive capacity, so ag‑
gregated analysis risks overlooking important local pat‑
terns. In addition, much of the existing literature con‑
centrates on speciϐic regions such as the Mekong Delta
or Central Coast regions, providing valuable insights but
limiting the generalizability of ϐindings to the whole
country. By using panel data from all 63 provinces, our
study provides a more comprehensive and representa‑
tive assessment. This approach enables us to capture
variations in the impacts of climate change across ecolog‑
ical and socio‑economic contexts, thereby offering new
empirical evidence and more nuanced policy implica‑
tions for both local and national adaptation strategies to
mitigate the adverse effects of climate change, thereby
enhancing the resilience of rice production systems, and
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ensuring national food security.
The research is organized as follows: Section 2

reviews the literature. Section 3 describes data and
methodology while Section 4 discusses the main ϐind‑
ings. The conclusion and policy recommendations are
presented in Section 5.

2. Literature Review

In existing literature, the relationship between cli‑
mate change and rice production has been extensively
studied by scholars worldwide, even though it remains
a controversial topic. Utilizing a panel data from 1984
to 2008, Karn [27] examined the effects of three main fac‑
tors of climate change (temperature, precipitation and
humidity) ondifferent stages of riceproduction in20ma‑
jor rice‑growing districts in Nepal. The author identiϐied
a non‑linear relationship between maximum daily tem‑
perature and rice yields. More speciϐically, an increase
in maximum temperature during the ripening phase en‑
hances rice yields up to a critical threshold of 29.9°C.
However, beyond this threshold, further increases in
temperature could reduce rice yields. Notably, the av‑
erage maximum temperature in Nepal during this pe‑
riod was estimated at 30.8°C, emphasizing the adverse
impact of rising temperature on rice production. Addi‑
tionally, the excessive rainfall pattern during the nurs‑
ery stage negatively inϐluences rice growth. Likewise,
highermorning humiditywas found to impair rice devel‑
opment, whereas afternoon humidity contributed pos‑
itively to its growth. These ϐindings supported earlier
research by Rai, Ale, and Alam [39], who used CERES‑
Rice model to simulate the rice yield under different
climate change scenarios. Sharing the line of research,
Devkota and Paija [26] explored the long‑run relation‑
ship and short‑run dynamics between paddy yields and
climate variables employing Autoregressive Distributed
Lag (ARDL) model. Their research provides strong ev‑
idence of a long‑term relationship among the variables.
Moreover, rainfall plays an important role in improving
Nepalese rice productivity, with a 1 mm increase in rain‑
fall enhancing rice yields by 0.65%. Meanwhile, no vis‑
ible effects of maximum and minimum temperature on
rice productivity have been observed. More recently,

Rayamajhee, Guo, and Bohara [28] found that a 1°C in‑
crease in average summer temperature leads to a decline
of 4183 kg in rice yield. Besides, the high frequency of
extreme precipitation severely impacts the production
capacity of rural households in Nepal.

Considering the case of China, Chen, Zhou, and
Zhou [22] analyzed provincial data spanning 1961 to
2010 and revealed a positive relationship between av‑
erage temperature and single cropping rice production.
However, the opposite pattern has been observed for
double cropping rice. Interestingly, a drop in the diur‑
nal temperature range has a more profound impact on
single cropping rice production, reducing it by approxi‑
mately 3.0% compared to a 2.0% loss for double crop‑
ping rice. In addition, the increase in rainfallmight boost
single cropping rice production. Similar outcomes could
be found in a study by Chen, Zhang, and Tao [40]. Expand‑
ing the scope of research, Pickson, He, and Boateng [25]

investigated the long term and short‑term impacts of cli‑
mate change on rice production in 30 Chinese provinces.
The empirical ϐindings showed that in the long run, aver‑
age temperature has a negative effect on rice production,
whereas average rainfall positively inϐluences rice yields.
In contrast, average rainfall has no substantial effect on
national rice production in the short run. Furthermore,
cultivated area and fertilizer usage serve as key drivers
of rice production in the long term. Nevertheless, in the
short term, cultivated areas remained a signiϐicant pos‑
itive contributor, while the effect of fertilizer usage on
rice production was negligible. Besides, the different ef‑
fects of climate change on rice yield among regions have
been thoroughly explored in numerous studies [41–44].

Applying the Ricardian model and farm house‑
hold data, Masud et al. [31] examined how climatic fac‑
tors including temperature and precipitation inϐluence
Malaysian rice production during main and off seasons.
They demonstrated that temperature, rainfall, farm size,
educational knowledge, land area and value of labour
input signiϐicantly affect rice productivity. Addition‑
ally, the research also revealed heterogeneous effects
of climate change on household net income among sea‑
sons. Speciϐically, a slight increase in temperature could
raise household net revenue during the main season
while decreasing revenue during the off‑season. Con‑
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versely, precipitation positively impacted household rev‑
enue in the off‑season but had a negative effect during
the main season. Another study conducted by Zainal
et al. [45] strengthened these outcomes, emphasizing the
vulnerability of Malaysia’s agricultural systems to cli‑
mate change.

Focusing on Pakistan, Chandio, Magsi, and Oz‑
turk [46] used time series data to investigate the effects of
changing climatic conditions on rice yields from 1968 to
2014 and demonstrated that carbon dioxide emissions
(CO2) and the average temperature have a positive im‑
pact on rice crops in both the long and short run. Simi‑
larly, the area under cultivation has a favorable impact
on rice productivity over both timeframes. Meanwhile,
the effects of fertilizer use differed. Fertilizers used im‑
proved rice output in the long run but had a detrimental
impact in the short term. In contrast, the negative inϐlu‑
ence of temperature has been seen in the case of Thai‑
land [47].

In Vietnam, many studies have employed simula‑
tion methods to anticipate changes in rice yield under
different climate scenarios in a single province or agri‑
culture zone [5, 15, 32–38, 48]. Meanwhile, other studies use
panel data to investigate this relationship. For example,
Chung, Jintrawet, and Promburom [19] applied Ordinary
Least Square model (OLS) to explore the impact of sea‑
sonal climatic factors on rice production in two differ‑
ent growing seasons in the Nam Dong District, Central
Highland of Vietnam from 1986 to 2012. They found
that seasonal average rainfall positively inϐluenced rice
yields, while seasonal average maximum temperatures
adversely affected yields in both the winter‑spring (WS)
and summer‑autumn (SA) seasons. In contrast, seasonal
averageminimum temperatures positively impactedWS
rice yields but had no visible effect on SA rice produc‑
tion. Lately, Nguyen, Ho, and Pham [49] examined how
seasonal climate change impact rice production in nine
districts of Thua Thien Hue province utilizing a Feasible
Generalized Least Squares (FGLS) model. Their ϐindings
indicated that a 1% increase in maximum temperature
improved WS yields by 1.66% while reducing SA yields
by 1.01%. Likewise, a 1% increase in minimum temper‑
ature lowered WS yields by 0.30% but signiϐicantly en‑
hanced SA yields by 3.32%. In addition, there exists a

positive relationship between maximum and minimum
humidity and rice productivity in these areas. However,
maximum precipitation had an adverse impact on SA
yields.

Despite the growing body of literature on the rela‑
tionship between climate change and rice production in
Vietnam, no empirical study has comprehensively inves‑
tigated this relationship across all 63 provinces. Our re‑
search aims to address this gap by examining the effect
of climatic factors such as temperature and precipitation
on rice production in 63 Vietnamese provinces, provid‑
ing valuable insights to policymakers and households on
how tomitigate climate risks, contributing to the sustain‑
able development of agriculture sector while maintain‑
ing food security in Vietnam.

3. Methodology and Data

3.1. Data

To scrutinize the relationship between the climate
change factors and rice production at the provincial level
in Vietnam, data are mainly collected from the provin‑
cial annual yearbooks that are published annually by
the provincial statistics ofϐices of Vietnam from 2010 to
2023. In cases, local data are missing, we cross‑check
with the statistical data from the General Statistics Ofϐice
of Vietnam (GSO) and Ministry of Agriculture and Envi‑
ronment (MAE) to guarantee the credibility and validity
of dataset. Similarly, outliers, particularly in precipita‑
tion and temperature were also cross‑checked with sta‑
tistical data fromGSOandMAE.Noted that if the extreme
ϐigures were consistent with ofϐicial data such as un‑
usually high rainfall during typhoon years, we retained
them, as they reϐlect genuine climate shocks rather than
data errors. As is common in the existing literature, two
climate change factors used for analysis are average tem‑
perature and rainfall, while three indicators of rice pro‑
duction are aggregate rice output, wet‑season rice out‑
put, and dry‑season rice output. Noted that the choice
of rural labour as the main production factor, this deci‑
sion is primarily driven by data availability and the cen‑
tral role of labour in rice cultivation in Vietnam.

After handling data issues, we have balanced panel
data for all 63 provinces and six economic regions for the
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period of 2010–2023.

3.2. Econometric Speciϐication

In this paper, to examine the effects of climate
change factors on the rice production at the provincial
level in Vietnam, we employ the error‑correction model
(ECM) for estimation. Of course, this approach has some
advantages compared to other dynamic models. First,
the ECM approach allows us to examine the short‑ and
long‑run effects of climate change factors on rice produc‑
tion, to determine the speed of temporary adjustment
towards long‑run equilibrium and handle the cointegra‑
tion. Second, the ECM approach can work well even in
the case of different orders of integration. Last but not
least, as indicated by Pesaran, Shin, and Smith [50], the
ECMapproach dealswellwith small samples. Also noted
that the ECMapproach has beenwidely applied in recent
literature on climate change and agriculture such as Kili‑
carslan and Dumrul; Sequeira, Santos, and Magalhães;
and Ghosh, Eyasmin and Adeleye [51–53].

Following the seminal works such as Dell, Jones,
and Olken; Bond, Leblebicioǧlu, and Schiantarelli [54–56],
we consider an aggregated production function of the
simple agriculture industry, say rice industry, which de‑
pends on labor and climate change factors, and is formed
as follows:

Yit = eα1TEMP it∗α2RAINitRULAα3
it (1)

Where i and t are provincial individuals and time
periods respectively; Y is vector of rice production, in‑
cluding annual average aggregate rice output (AGRI),
and the rice outputs of its two main rice seasons: the
Winter‑Spring Season or wet‑season (WET) and the
Summer‑Autumn Season or dry‑season (DRY). Noted
that these two seasons deϐine the main rice cultivation
periods in Vietnam, with variations depending on geo‑
graphical location and climate conditions. RULA is a
rice production factor, proxied by total number of rural
labors; TEMP and RAIN, two common climate change
factors, are average temperature and average rainfall,
respectively. We noted that the exponential forms of
climate change factors and the linear form of physical
production factors in the aggregate production function
are similar to the contribution by Sequeira, Santos, and

Magalhães [52] and Dell, Jones, and Olken [55]. However,
our approach differs in several ways. First, we proxy
physical production factors by rural labor instead of pop‑
ulation in Dell, Jones, and Olken [55] and capital in Se‑
queira, Santos, and Magalhães [52]. It is more meaning‑
ful to consider rural labor in the production function of
the rice industry, as it is a key determinant of agricul‑
tural production growth, especially in developing coun‑
tries like Vietnam, where physical labor plays a crucial
role. In addition, we analyze a dynamic model that rice
output changes over time. Last but not least, we consider
cross‑provincial data rather than cross‑national data.
The weather and geography vary signiϐicantly among
countries, which could lead to biased results with cross‑
national data. By considering cross‑provincial data, our
approach can better distinguish the unique differences
in the effects of weather and geography on rice produc‑
tion between provinces. These differencesmake the con‑
tributions of the paper to the economic effects of climate
change more signiϐicant in literature.

Taking a logarithmic form, equation (1) can be ex‑
pressed explicitly as follows:

LnAGRIit = α0 + α1TEMP it + α2RAIN it

+α3LnRULAit + γ
′

iθt + εit,
(2)

Where, θt is characteristics of province that com‑
monly affect the rice production, and γi refers to
province‑speciϐic effects. The ECM speciϐication of equa‑
tion (2) for estimation then is exhibited as follows:

∆LnAGRIi,t = α0 + ρi[δ1LnAGRIi,t−1

−(δ2TEMPi,t−1 + δ3RAINi,t−1

+δ4LnRULAi,t−1 + γ
′

iθt−1)]

+
h∑

j=0

Φ2i∆TEMPi,t−j

+
k∑

j=0

Φ3i∆RAINi,t−j

+
r∑

j=0

Φ4i∆LnRULAi,t−j

+
s∑

j=0

λ
′

i∆θt−j + ϵit

(3)

where δ and Φ represent the long‑run and short‑run ef‑
fects between rice production, climate change factors
(temperature and precipitation), and physical rural la‑
bor of provinces. ρi is the speed of adjustment param‑
eter towards to the long‑run equilibrium. Note that the
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ECM requires ρi < 0, otherwise there is no error cor‑
rection model. h, k, r, s are the optimal lags of each vari‑
able. From a theoretical perspective, the short‑run ad‑
justment of rice production to climate shocks is expected
tomaterialize within one period, making a single lag suf‑
ϐicient. Empirically, we tested longer lag speciϐications,
but they yielded no additional explanatory power and in‑
troduced potential multicollinearity. Therefore, we use
themost common lag across the provinces, say h, k, r, s=
1, 0, 0, 0 that provides a parsimonious representation to
balance explanatory adequacy and model efϐiciency [52].
γ and λ are province‑speciϐic effects.

4. Empirical Results

4.1. Descriptive Statistics

The summary of descriptive statistics in Table 1.
The ϐigures show that the provincial average rice yields
for the aggregate, wet season, and dry season are 687.32,
148.99, and 322.13 thousand tons, respectively. The
highest rice yields are 4643, 716.4, and 2224.5 thousand
tons, while the lowest are 25, 0.2, and 0.2 thousand tons,
respectively. These ϐigures indicate a huge gap in rice
production among provinces in Vietnam.

Table 1. Summary of descriptive statistics.
Variable Obs Mean Std. dev. Min Max Variable Obs Mean Std. dev. Min Max

Country
AGRI 819 687.32 869.44 25.00 4643.00
WET 819 148.99 134.53 0.20 716.40
DRY 819 322.13 414.48 0.20 2224.50
TEMP 819 25.11 2.18 15.70 30.30
RAIN 819 1898.82 769.67 1.24 6965.70
RULA 819 977.96 644.54 122.88 4297.15

Region 1 Region 4
AGRI 143 586.02 291.83 194.30 1220.30 AGRI 65 253.91 210.61 61.80 780.70
WET 143 265.49 131.41 105.50 581.50 WET 65 145.02 121.81 37.60 438.70
DRY 143 320.41 162.17 84.50 638.80 DRY 65 102.83 92.55 24.20 342.00
TEMP 143 24.22 1.30 16.70 25.40 TEMP 65 23.14 2.44 18.10 26.10
RAIN 143 1736.37 337.71 699.00 2724.30 RAIN 65 1988.03 266.46 1471.10 2722.80
RULA 143 1298.81 921.64 434.17 4297.15 RULA 65 806.79 377.90 294.63 1440.12

Region 2 Region 5
AGRI 182 237.68 127.55 93.70 629.10 AGRI 78 230.55 265.90 25.00 813.00
WET 182 137.03 56.06 57.40 314.50 WET 78 84.24 87.68 10.80 272.90
DRY 182 100.65 77.00 15.20 320.00 DRY 78 72.40 88.03 9.20 281.10
TEMP 182 23.37 2.11 15.70 30.30 TEMP 78 26.88 1.27 25.11 28.80
RAIN 182 1970.69 1206.02 1.24 6965.70 RAIN 78 2025.16 410.12 1198.70 3243.00
RULA 182 705.02 325.34 246.01 1603.10 RULA 78 1032.19 547.31 402.38 2091.87

Region 3 Region 6
AGRI 182 485.93 348.14 28.10 1516.50 AGRI 169 1851.65 1267.38 59.10 4643.00
WET 182 100.36 173.28 0.20 716.40 WET 169 147.05 111.30 0.30 473.70
DRY 182 254.88 194.70 14.90 800.10 DRY 169 834.15 625.20 0.20 2224.50
TEMP 182 25.89 1.13 23.00 28.10 TEMP 169 26.85 1.38 19.50 28.40
RAIN 182 2105.54 844.61 513.00 6319.90 RAIN 169 1643.63 444.85 120.20 2916.90
RULA 182 1016.05 806.99 122.88 3107.50 RULA 169 1000.20 338.136 369.49 1525.77

Note: Region 1: Red River Delta, Region 2: Northern Midland and Mountain, Region 3: North‑Central Coast and South‑Central Coast, Region 4: Central Highlands,
Region 5: Southeast, and Region 6: Mekong River Delta.
Source: Authors’ calculations.

Regarding climate change factors, the average tem‑
perature and rainfall in the provinces are 25.11 °C and
1898.82 mm, respectively. The lowest and highest tem‑
peratures are 15.7 °C and 30.03 °C, while the lowest and
highest rainfalls are 1.24mmand 6665.7mm, respectively.
For the rural population, the average, highest, and lowest
rural populations are 977.96, 4297.15, and 122.88 thou‑
sand people, respectively. It is worth noting that some de‑
scriptive statistics in rice outputs, temperature and rainfall

show unusually large ranges between provinces, these re‑
ϐlect Vietnam’s considerable geographic diversity.

Next, we report the pairwise correlation matrix for
all variables used in the regression models. The results
for correlations are expressed in Table 2. The results
show that all correlation coefϐicients are lower than the
critical value of 0.8, suggesting that multicollinearity is
not problematic in the models [57]. Given that data are
ready for further analysis.
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Table 2. Correlation matrix.
Variable AGRI WET DRY TEMP RAIN RULA Variable AGRI WET DRY TEMP RAIN RULA

AGRI 1
WET ‑ 1
DRY ‑ ‑ 1
TEMP 0.294 −0.093 0.265 1
RAIN −0.172 −0.176 −0.154 −0.152 1
RULA 0.325 0.589 0.372 0.059 −0.095 1

Region 1 Region 4
AGRI 1 AGRI 1
WET ‑ 1 WET ‑ 1
DRY ‑ ‑ 1 DRY ‑ ‑ 1
TEMP −0.003 −0.010 0.003 1 TEMP 0.230 0.287 0.258 1
RAIN −0.300 −0.302 −0.296 −0.112 1 RAIN −0.468 −0.449 −0.462 0.005 1
RULA 0.784 0.796 0.765 0.018 −0.051 1 RULA 0.738 0.727 0.720 0.005 −0.433 1

Region 2 Region 5
AGRI 1 AGRI 1
WET ‑ 1 WET ‑ 1
DRY ‑ ‑ 1 DRY ‑ ‑ 1
TEMP 0.325 0.287 0.329 1 TEMP −0.184 −0.178 −0.178 1
RAIN −0.182 −0.176 −0.173 −0.238 1 RAIN −0.087 −0.062 −0.099 −0.048 1
RULA 0.775 0.788 0.776 0.311 −0.167 1 RULA 0.150 0.159 0.100 −0.206 0.284 1

Region 3 Region 6
AGRI 1 AGRI 1
WET ‑ 1 WET ‑ 1
DRY ‑ ‑ 1 DRY ‑ ‑ 1
TEMP −0.324 −0.253 −0.414 1 TEMP −0.006 0.148 −0.034 1
RAIN −0.202 −0.238 −0.094 −0.344 1 RAIN −0.033 0.225 0.001 0.104 1
RULA 0.729 0.723 0.772 −0.398 −0.088 1 RULA 0.489 −0.241 0.485 0.202 −0.178 1

Note: Region 1: Red River Delta, Region 2: Northern Midland and Mountain, Region 3: North‑Central Coast and South‑Central Coast, Region 4: Central Highlands,
Region 5: Southeast, and Region 6: Mekong River Delta.
Source: Authors’ calculations.

4.2. Cross‑Province Dependency

Working with a panel time series, the characteris‑
tics of cross‑province dependency strongly affect sub‑
sequent tests and analyses, as this attribute potentially
inϐluences the identiϐication of empirical speciϐications
and the economic inferences of estimated results [58].
Thus, we ϐirst perform the Pesaran test (CD test) to check
whether cross‑province dependency existswhen consid‑
ering the impact of climate change factors on riceproduc‑
tion in Vietnam. The results of the cross‑province depen‑
dency test are shown inTable 3. The statistical values of
the CD tests for all threemodels, including aggregate rice
production (AGRI), wet‑season rice production (WET),
anddry‑season rice production (DRY), present strong ev‑
idence of cross‑province dependency. Further tests and
analyses in this paper are based on the characteristics of
cross‑province dependency.

4.3. Unit Root Tests

Theoretically, checking the stationarity of vari‑
ables is necessary to determine the presence of coin‑
tegration. As is common in the time series literature,
the ECM model requires the series to be integrated at
level I(0) or at ϐirst difference I(1), or both. As indi‑
cated in the previous section, the data used in this paper
exhibits characteristics of cross‑province dependence.
Therefore, to identify the order of the series, we per‑
form Pesaran Panel Unit Root Test with cross‑sectional
dependency, so‑called the Pesaran’s CIPS test, to check
the stationarity of the time series in the regressionmod‑
els [59]. The results of the unit root tests are presented
in Table 4. The results show that all variables are sta‑
tionary at either the level or at the ϐirst difference, sug‑
gesting that the ECM models are appropriate for use in
this paper.

Table 3. Cross‑dependency test.
Model CD Test p‑Value

Aggregate rice production 17.659 0.000
Wet‑season rice production 15.531 0.000
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Table 3. Cont.
Model CD Test p‑Value

Dry‑season rice production 14.457 0.000
Source: Authors’ calculations.

Table 4. Unit root test results.

Variable Test
Pesaran Panel Unit Root Test with Cross‑Sectional Dependency

Country Region 1 Region 2 Region 3 Region 4 Region 5 Region 6

LnAGRI Level −2.72** −2.35 −3.49*** −2.92** −2.40 −2.32 −3.10***
1st difference −3.93*** −3.61*** −4.21*** −4.22*** −2.57* −3.30** −4.05***

LnWET Level −2.59*** −2.26*** −2.31*** −2.39*** −3.36*** −2.94*** −3.94***
1st difference −4.12*** −3.62*** −4.32*** −3.35*** −5.97*** −4.01*** −4.87***

LnDRY Level −2.57 −3.03*** −3.23*** −2.86* −2.81* −3.31** −2.44
1st difference −4.01*** −3.85*** −4.11*** −3.98*** −4.06*** −3.32*** −3.60***

TEMP Level −2.66** −2.24 −3.06** −2.62 −2.73 −3.02** −3.31**
1st difference −3.44*** −4.27*** −4.74*** −2.75* −3.74*** −4.54*** −3.55***

RAIN Level −3.81*** −3.53*** −3.47*** −3.62*** −4.49*** −3.91** −3.23***
1st difference −4.67*** −3.61*** −4.11*** −3.88*** −5.97*** −4.37*** −4.96***

LnRULA Level −2.59* −2.61 −1.86 −2.49 −2.27 −2.55 −3.45***
1st difference −3.38*** −4.15*** −1.99* −3.49*** 2.79* −2.60* −3.51***

Note: ***p < 0.01, **p < 0.05, *p < 0.1; Region 1: Red River Delta, Region 2: Northern Midland and Mountain, Region 3: North‑Central Coast and South‑Central
Coast, Region 4: Central Highlands, Region 5: Southeast, and Region 6: Mekong River Delta.
Source: Authors’ calculations.

4.4. Cointegration Tests

For panel times series with the characteristics of
cross‑sectional dependence, we use the Westerlund test
to check the long termcointegrationbetween the climate
change factors and the rice yields at the provincial level
in Vietnam [60]. The Westerlund test was developed by
Westerlund [61] and widely applied for testing the pres‑
ence of cointegration in panel data. Especially, the West‑
erlund is not only a suitable technique to handle panel
data but also robust to cross‑sectional dependency [60].
Under the Westerlund test, null hypothesis (H0) is no
integration, and alternative hypothesis (H1) is all panes
are cointegrated. The Westerlund test results for cointe‑
gration are exhibited in Table 5. The results show that
we reject H0 and accept H1, indicating that all panels are
cointegrated. Therefore, there exist long term relation‑
ships between the dependent variable of rice production

(aggregate rice production, wet‑season rice production
and dry‑season production) and independent variables
of climate change factors (temperature and rainfall ) and
the number of rural populations.

4.5. Estimated Results

The short‑run and long‑run effects of climate
change and rural population factors on the rice produc‑
tion at the provincial level in Vietnam are reported inTa‑
ble 6, where model (1), (2) and (3) are the estimated
results for aggregate rice production (AGRI), the dry‑
season rice production (DRY), and the wet‑season rice
production (WET), respectively. We ϐirst note that the
error correction coefϐicients, ρ‑ECM(−1), for all three
models are negative and statistically signiϐicant at the 1
percent level, verifying the appropriateness of the ECM
model for estimation in this paper.

Table 5. Westerlund test for cointegration.
Statistic p‑Value

Aggregate rice production −2.854 0.002
Wet‑season rice production −1.588 0.046
Dry‑season rice production −5.699 0.000
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Table 5. Cont.
Statistic p‑Value

Region—Aggregate rice production
Region 1 −0.227 0.041
Region 2 1.855 0.032
Region 3 −0.317 0.037
Region 4 0.313 0.037
Region 5 −1.479 0.049
Region 6 1.329 0.009

Note: Region 1: Red River Delta, Region 2: Northern Midland and Mountain, Region 3:North‑Central Coast and South‑Central Coast, Region 4: Central Highlands,
Region 5: Southeast, and Region 6: Mekong River Delta.
Source: Authors’ calculations.

Table 6. Estimated results.
Variables (1) AGRI (2) DRY (3) WET

Long‑run results
TEMP −0.010*** (0.002) −0.007*** (0.002) −0.007*** (0.002)
RAIN −0.000** (0.000) −0.000** (0.000) 0.000*** (0.000)

LnRULA 0.357*** (0.034) 0.654*** (0.042) 0.754*** (0.022)
Short‑run results

D.TEMP −0.010 (0.008) −0.006 (0.007) −0.025 (0.022)
D.RAIN −0.000* (0.000) −0.000 (0.000) 0.000 (0.000)

D.LnRULA −0.951 (0.839) 3.141 (5.871) −2.494 (2.134)
Constant 1.475*** (0.184) 0.320*** (0.097) −0.105 (0.122)

ρ‑ECM(−1) −0.404*** (0.049) −0.427*** (0.051) −0.420*** (0.054)
Note: Standard errors in parentheses; *** p< 0.01, ** p< 0.05, * p< 0.1. Model (1), (2) and (3) estimates for the dependent variables of aggregate rice production
(AGRI), dry‑season rice production (DRY), and wet‑season rice production (WET), respectively.
Source: Authors’ calculations.

For long‑run effects, as shown in the ϐirst panel
of Table 6, the estimated coefϐicients for temperature
(TEMP) in all three models are negative and statisti‑
cally signiϐicant. This suggests that all other things
being equal, an increase in temperature could reduce
aggregate rice production, dry‑season rice production,
and wet‑season rice production in the provinces of
Vietnam. The long‑run negative relationship between
temperature and rice production can be explained as
follows: First, rice is sensitive to temperature, par‑
ticularly when rainfall exceeds the rice’s absorption
capacity, leading to lower rice productivity. Second,
higher temperatures often lead towater scarcity, which
can decrease rice yields, especially in provinces that
rely heavily on irrigation for rice farming. Third, ele‑
vated temperatures create favorable conditions for the
growth of pests and diseases, which negatively impact
rice cultivation. These ϐindings align with conclusions
from studies on Vietnam and other countries, such as
Nguyen and Scrimgeour; Anh, Anh, and Chandio [62, 63],
and among others.

Next, the estimated coefϐicients for rainfall (RAIN)
in all three models are statistically signiϐicant, but show
different signs: negative for aggregate rice production
and wet‑season rice production, and positive for dry‑
season rice production. Speciϐically, an increase in rain‑
fall would lead to a decrease in aggregate rice produc‑
tion and wet‑season rice production, but an increase
in dry‑season rice production. Intuitively, the contra‑
dictory effects of precipitation reϐlect the characteris‑
tics of Vietnam’s seasonal distinction that during the
wet season, excessive rainfall can cause ϐlooding and re‑
duce yields, while in the dry season, precipitation al‑
leviates water shortages and thus beneϐits rice produc‑
tion. These results are consistent with ϐindings of Nhan,
Trung, and Van Sanh; Huong, Bo, and Fahad [64, 65] for
Vietnam, as well as with those of Kilicarslan and Dum‑
rul [51] for Turkey.

The estimated coefϐicients for rural population fac‑
tor are positive and statistically signiϐicant at the 1 per‑
cent level, indicating that a larger rural population con‑
tributes to greater rice production. Recently, there has
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been a signiϐicant wave of migration from rural to ur‑
ban areas, leading to a shortage of labor in the agricul‑
tural sector in the rural areas of Vietnamese provinces.
Therefore, provinces with a higher ratio of rural popula‑
tion have more labor available for rice farming, result‑
ing in increased rice production. Our results are con‑
trary to the ϐindings of Anh, Anh, and Chandio [63] and Xi‑
ang and Solaymani [66] for Vietnam andMalaysia, respec‑
tively, who explain this negative relationship by stating
that Vietnamese agriculture industry is labor‑intensive
and still relies heavily on low‑skilled labor. This suggests
that the shortage of agricultural labormay be amore sig‑
niϐicant issue than the inefϐiciency of rural workers in
Vietnam’s agriculture industry in general and rice culti‑
vation in speciϐic.

For the short‑run effects, as shown in the second
panel of Table 6, the relationship between rice produc‑
tion indicators, climate change factors, and rural pop‑
ulation varies. Only the estimated coefϐicient for rain‑
fall in the aggregate rice production estimate is nega‑
tive and statistically signiϐicant, while the coefϐicients for
the other independent variables are statistically insignif‑
icant. These short‑run results suggest that rainfall has a
noticeable impact on rice production, while changes in
temperature and the rural population have weaker and
more inconsistent effects. The signiϐicant ECM term in‑
dicates that any short‑run deviations from equilibrium
are gradually corrected over time.

4.6. Regional Heterogeneous Effect

Rice production in Vietnam differs across provinces
due to several factors, including climate, soil fertility, ir‑
rigation systems, and agricultural practices. Provinces

with favorable conditions, such as the Mekong Delta, ben‑
eϐit from ample rainfall and rich soil, leading to higher
yields. In contrast, areas facing water scarcity or extreme
weather conditions often experience reduced production.
Labor availability also plays a signiϐicant role, as rural
migration can lead to shortages in the agricultural work‑
force. Furthermore, variations in government policies, in‑
frastructure, and access to modern farming technologies
contribute to disparities in productivity, creating notable
regional differences in rice production across the coun‑
try [67]. Therefore, it is believed that there exist hetero‑
geneous effects of climate change factors and rural pop‑
ulation on rice production in different provinces in Viet‑
nam. We provide empirical evidence on regional hetero‑
geneous effects for the aggregate rice production inTable
7. Note that all tests were conducted to assess the appro‑
priateness of the ECM approach.

The results in Table 7 indicate that the long‑run
relationship between rice production, climate change,
and the rural population is conϐirmed by almost all mod‑
els, although the estimated results vary signiϐicantly.
These ϐindings are consistent with Sequeira, Santos, and
Magalhães [52], which examines the heterogeneous ef‑
fects of income levels and climate regimes at the coun‑
try level. The effects of temperature differ across re‑
gions, largely due to variations in agro‑ecological condi‑
tions, cropping season, and adaptive practices. For ex‑
ample, higher temperaturesmay accelerate crop growth
in cooler northern provinces but exacerbate heat stress
in alreadywarm southern regions. We also observed the
regional heterogeneous effects of climate change factors
on the dry‑ and wet‑season rice yields in Vietnam. To
save space, we do not report the estimated results, but
they are available upon request.

Table 7. Regional heterogeneous effect: Aggregate rice production.
Variables Region 1 Region 2 Region 3 Region 4 Region 5 Region 6

Long‑run results
TEMP −0.050*** (0.004) 0.023*** (0.004) 0.028** (0.012) −0.1213 (0.000) 0.023** (0.010) 0.014*** (0.004)
RAIN −0.000*** (0.000) 0.000** (0.000) 0.000 (0.000) −0.0480 (0.000) 0.000** (0.000) −0.000*** (0.000)

LnRULA 0.571*** (0.044) 0.089 (0.096) 0.076 (0.077) −0.8643 (0.000) −1.080*** (0.208) 0.644*** (0.204)

Short‑run results
D.TEMP 0.006 (0.006) −0.009*** (0.003) 0.008 (0.006) 0.009 (0.013) −0.085 (0.075) −0.002 (0.006)
D.RAIN 0.000* (0.000) 0.000 (0.000) −0.000*** (0.000) 0.000 (0.000) −0.000 (0.000) −0.000 (0.000)

D.LnRULA −0.340 −0.210 −2.723 −1.573 0.277 −2.101
Constant 2.027*** (0.658) 1.730*** (0.561) 3.137*** (0.478) 1.317 (1.073) 6.441*** (1.661) 0.918*** (0.240)

ρ ‑ ECM(−1) −0.531*** (0.172) −0.368*** (0.118) −0.652*** (0.096) −0.000 (0.000) −0.510*** (0.135) −0.375*** (0.078)
Note: Standard errors in parentheses; *** p< 0.01, ** p< 0.05, * p< 0.1; Region 1: Red River Delta, Region 2: Northern Midland and Mountain, Region 3:North‑
Central Coast and South‑Central Coast, Region 4: Central Highlands, Region 5: Southeast, and Region 6: Mekong River Delta.
Source: Authors’ calculations.
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5. Conclusion and Recommenda‑
tions
Applying the error‑correctionmodel (ECM), this re‑

search investigates the long‑term and short‑term effects
of climate change on rice production across 63provinces
in Vietnam over the period of 2010–2023. The ϐind‑
ings demonstrated the existence of a long‑term relation‑
ship among climatic factors, rural population and rice
yields. Higher temperature could reduce rice produc‑
tivity during the wet and dry seasons, while increasing
rainfall pattern negatively affected average annual rice
yield and summer‑autumn rice yield. Interestingly, no
visible effect of precipitation was found during winter‑
spring season. Besides, the rural population had a posi‑
tive inϐluence on rice yields, highlighting the vital role of
human capital in enhancing rice productivity in the face
of climate variability. Additionally, the effects of climate
change on rice productivity varied by region.

Based on above ϐindings, several policy recommen‑
dations have been proposed to address the challenges
posed by climate change while strengthening the sus‑
tainability of rice production in Vietnam. First, the gov‑
ernment should provide ϐinancial incentives and techni‑
cal support to encourage farmers to adopt modern wa‑
ter management practices such as drip irrigation, au‑
tomated irrigation systems, and groundwater recharge
supplies. These innovations could optimize water use,
ensuring the efϐicient management of freshwater re‑
sources needed for rice cultivation, particularly during
drought seasons. Moreover, upgrading drainage infras‑
tructure is necessary to mitigate waterlogging in low‑
lying regions, preserving ideal conditions for rice farm‑
ing to cope with the negative effects of excessive rain‑
fall. In addition, the government should prioritize invest‑
ments in research and development to generate rice va‑
rieties that are resistant to temperature extremes, ϐlood‑
ing, drought, and pests, reducing the vulnerability of
rice production. Finally, the government should imple‑
ment strategic programs aimed at diversifying agricul‑
tural production, promoting crop rotation and encour‑
aging the cultivation of alternative crops alongside rice,
maximizing agricultural productivity and safeguarding

national food security.
Given theheterogeneous effects observedacross re‑

gions, the government should implement climate change
adaptation strategies that are not only tailored to the
speciϐic development conditions of each region in terms
of infrastructure, environment, and socio‑economic con‑
texts but also aligned with national agricultural develop‑
ment goals. By adopting region‑speciϐic solutions, the
government could support farmers dealing with climate
change challenges and promote long‑term agricultural
sustainability. In particular, temperature increases have
a signiϐicantly negative long‑run effect in the Red River
Delta (Region 1), while precipitation shocks are particu‑
larly detrimental in theNorth‑Central and South‑Central
Coast (Region 3). These regions would beneϐit most
from improved irrigation systems and climate‑resilient
water management strategies. In contrast, the South‑
east (Region 5) shows vulnerability due to both rainfall
variation and labor constraints, suggesting that mech‑
anization and labor‑saving technologies should be pri‑
oritized there to address shortages. At the same time,
the Mekong River Delta (Region 6) continues to depend
heavily on rural labor, implying that policies to stabilize
the agricultural workforce are also critical.

In general, although the study has achieved its ob‑
jective and could be used as a case study for other de‑
veloping countries in Asia with similar climate condi‑
tions, it is not free from limitations. First, the study
period is relatively short (2009–2024), which may not
fully capture long‑term climate dynamics. Second, the
use of annual averagesmay overlook important seasonal
variations in temperature and precipitation that are crit‑
ical for rice growth. Third, while the analysis concen‑
trates on the relationship between climate variables and
rice production, it does not explicitly account for socio‑
economic and technological factors such as mechaniza‑
tion, the adoption of drought‑resistant varieties, labor
migration, ormarket dynamics. Moreover, issues related
to rice prices, quality, yield variations, and different rice
types were beyond the scope of this study. These limita‑
tions suggest directions for future research to provide a
more comprehensive assessment of climate impacts on
rice production in Vietnam.
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