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Abstract - This study examines the impact of short-term climate
variability on provincial per capita income in Central Vietnam
during 2009-2024 using panel data from 11 provinces. A Climate
Variability Index (CV]) is constructed to measure annual weather
shocks. A fixed-effects model with Driscoll-Kraay standard
errors is employed to control for unobserved provincial
characteristics and address technical issues commonly associated
with panel data. The results indicate that short-term climate
variability has a statistically significant negative effect on local
income, while urbanization and health infrastructure contribute
positively to income improvement. Income inequality tends to
exert an adverse effect under several model specifications. This
study provides additional local-level empirical evidence on the
economic effects of short-term climate shocks in the context of a
developing economy.
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1. Introduction

Climate variability has increasingly become a
significant source of risk to economic activity, particularly
in developing economies that remain highly dependent on
natural conditions. Beyond the extensive literature on long-
term climate change, recent empirical evidence suggests
that annual weather shocks—such as unusual fluctuations
in temperature, rainfall, and sunshine duration—can
disrupt production, consumption, and investment, thereby
influencing short-run economic performance [1], [2].

However, the effects of climate variability are not
uniform across regions, highlighting the need for spatially
appropriate analysis. Recent regional studies in Central
Vietnam have also documented significant temporal and
spatial variation in hydro-meteorological conditions,
reinforcing the importance of localized climate assessment
[3]. Provincial-level panel data provide a more precise
framework for identifying localized short-run climate
effects, since weather shocks often influence local
economies before broader spillover effects emerge.

Central Vietnam provides a particularly relevant
empirical context because the region is frequently exposed
to extreme weather events and annual climate fluctuations
while also exhibiting substantial heterogeneity in natural
conditions and development levels across provinces. These
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characteristics make it well suited for examining the
relationship between short-term climate variability and
provincial economic growth.

Accordingly, this study investigates the effects of short-
term climate variability on provincial GRDP per capita in
Central Vietnam during 2009-2024 using panel data, with
the aim of clarifying how annual climate shocks shape
local economic outcomes in the short run.

2. Theoretical background
2.1. Theoretical foundations

In economic analysis, climate and weather are typically
treated as exogenous environmental factors that influence
economic activity through multiple transmission channels.
Unlike long-term climate change, short-term climate
variability is primarily reflected in abnormal annual
fluctuations in key climatic conditions. These fluctuations
may generate immediate shocks to the economy. This
effect is particularly evident in the short run, when
economic agents have not yet had sufficient time to adjust
their behavior and production structures.

Long-term climate change often affects economic
growth through mechanisms of structural adjustment and
capital accumulation. In contrast, annual weather shocks
mainly creates temporary shocks to productivity,



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAl HOC DA NANG, VOL. 24, NO. 4, 2026 31

production, and income within individual short periods.

From a theoretical perspective, short-term climate
shocks influence economic growth through several
primary channels [1], [4], [S]. Adverse weather conditions
may reduce labor productivity, particularly in climate-
sensitive sectors such as agriculture, construction, and
tourism. In addition, climate variability may disrupt
production activities and supply chains, thereby affecting
output and costs. Moreover, these shocks also affect
income, consumption, and short-term investment decisions
in the economy.

Modern growth theory suggests that short-term shocks,
although not necessarily altering long-run growth
trajectories, may still generate substantial short-run
fluctuations, particularly in developing economies with
limited adaptive capacity. Therefore, the analysis of annual
climate variability should be approached from a short-run
perspective, focusing on the direct relationship between
weather shocks and local economic outcomes, rather than
extrapolating to long-term adjustment mechanisms.

2.2. Overview of related empirical studies

Empirical research on the relationship between climate
and economic growth has expanded substantially over
recent decades, spanning multiple analytical levels, time
horizons, and estimation strategies. These studies differ in
terms of level of analysis, time frame, and estimation
methods. A large body of national-level panel studies finds
that climatic variables—particularly temperature and
rainfall—significantly affect economic growth, with
stronger effects often observed in low- and middle-income
economies [1], [2]. These findings suggest that climate is
not only an environmental factor but also an important
economic factor affecting production efficiency and
welfare.

In addition to long-term analyses, an increasingly
important strand of research focuses on the short-term
effects of cyclical annual climate changes. Evidence from
[4] and [7] indicates that short-term fluctuations in
temperature and rainfall may cause substantial disruptions
to labor productivity and employment and directly affect
people’s quality of life, even if they do not necessarily alter
long-term growth trends. Some other studies also indicate
that the effects of weather shocks are nonlinear and depend
on differences in the adaptive capacity of the economy,
such as [8] and [9].

Because local economies tend to have lower levels of
diversification and more limited adjustment capacity than
national economies, climate shocks often exhibit clearer
short-term effects; this has been documented in studies
using panel data at the provincial or regional level. Studies
by [10] and [11], for example, report the negative effects
of extreme temperatures on output and productivity in U.S.
states. Similarly, [12] and [5] show that climate variability
may increase the instability of economic activities at the
regional level, particularly in vulnerable localities.

Many studies indicate that the effects of climate
variability in less developed countries are often stronger
and less stable than in developed countries. Findings from

studies in Asia, Africa, and Latin America show that short-
term weather shocks may significantly affect agricultural
production. Income and local economic activity are also
clearly affected [13], [14], and [15]. However, the
magnitude and direction of these effects are not consistent
across studies. This divergence reflects differences in
socioeconomic conditions as well as institutional contexts.

In Vietnam, existing studies have primarily focused on
natural disasters, long-term climate trends, or broader
structural drivers of regional growth. Recent provincial
panel evidence in the Central and South Central regions has
also emphasized the importance of localized
socioeconomic conditions such as industrialization and
urbanization in shaping regional economic performance
[16]. However, provincial-level analyses specifically
examining annual short-term climate variability and local
income remain limited, particularly in Central Vietnam.

2.3. Research gap and hypothesis development

Despite the expanding literature on climate—growth
interactions, existing research has predominantly focused
on long-term climate change or national-level evidence,
leaving annual short-term climate variability at the local
level comparatively underexplored.

In addition, empirical evidence on the effects of short-
term climate shocks remains relatively limited in
developing countries. This is particularly true for studies
using provincial-level panel data with an appropriate
analytical framework. Therefore, the magnitude and
direction of the effects of climate variability on short-term
local economic outcomes have not yet been clearly
identified.

In Vietnam, existing quantitative studies primarily
examine natural disasters or long-term climate trends,
while provincial-level analyses of annual short-term
climate variability and per capita income remain limited,
particularly in Central Vietnam. Based on this gap, the
present study focuses on analyzing the relationship
between annual weather shocks and provincial economic
growth in Central Vietnam during the period 2009-2024,
using panel data and a fixed-effects model.

From a theoretical perspective, abnormal annual
fluctuations in climatic factors may be regarded as
exogenous shocks to the short-term economic cycle. These
fluctuations may affect income levels through various
channels, including declines in labor productivity,
disruptions in production activities and supply chains, as
well as fluctuations in the income and consumption of
economic agents. Empirical evidence also shows that
short-term climate shocks often have negative effects on
economic activity, especially in areas that are highly
dependent on climate-sensitive sectors such as agriculture
and tourism ([1], [2], and [4]).

In the context of the provinces of Central Vietnam,
which are frequently subject to strong annual weather
fluctuations and have economic structures that are
relatively sensitive to climate conditions, climate
variability is expected to generate short-term disruptions to
local economic activity. On the basis of these arguments,
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the research hypothesis is formulated as follows:

HI: Short-term climate variability negatively affects
provincial GRDP per capita.

This hypothesis implies that abnormal annual
fluctuations in climate conditions, as identified through the
Climate Variability Index (CVI), may reduce local
economic activity in the short run.

3. Research methodology and data
3.1. Analytical framework

Building on the identified research gap, this study
develops an analytical framework to examine the direct
relationship between annual climate variability and
provincial economic outcomes. Empirical framework
builds on studies in climate economics, in which annual
climate fluctuations are viewed as exogenous shocks,
distinct from long-term climate change trends. These
shocks may directly affect economic activity in the short
run [1] and [4].

According to the analytical framework, short-term
climate variability is measured through abnormal
fluctuations in basic climatic factors, including
temperature, rainfall, and sunshine duration. These shocks
may affect local economic activity through multiple
channels in the short run. These channels include
reductions in labor productivity, disruptions to production
and supply chains, as well as fluctuations in consumption
and investment. The effects are often more pronounced in
economies or regions with limited adaptive capacity [5],
[6], and [7].

Provincial GRDP per capita is shaped not only by
climate shocks but also by structural socioeconomic
conditions; accordingly, the model incorporates control
variables to isolate the net effect of annual climate
variability. Therefore, the analytical framework employs a
set of control variables to reflect the level of urbanization,
health and social conditions, income distribution, and
related macroeconomic factors. Including these variables
in the model identify net effects the effect of annual
weather shocks on economic outcomes, consistent with the
common approach in empirical studies on climate
economics [2], [17].

The analytical framework is implemented using
provincial-level panel data, which allows the exploitation
of temporal variation within each locality and the control
of time-invariant unobserved characteristics across
provinces through a fixed-effects model.

3.2. Model Specification

Based on the established research gap, this study
employs a panel data model to analyze the impact of annual
climate variability on economic activity at the provincial
level. empirical framework allows the exploitation of time
variation within each locality while controlling for
unobserved province-specific characteristics. As a result,
the model captures the relationship between annual climate
shocks and short-term local economic fluctuations. The
empirical specification is expressed as follows:

Income;, = By + B,CVI;, + B,Health;, + B3Urban;,

+B4CPl;; + BsTourism;; + BeGini;y + p; + €5 (1)
Where Income;; denotes the natural logarithm of
provincial GRDP per capita (2010 constant prices), CVI;;
represents the Climate Variability Index, p; captures time-
invariant province-specific effects, and g; is the
idiosyncratic error term.

The control variables include Urban, measured by the
logarithm of the urban population to capture the level of
urbanization; Health, measured by the logarithm of
hospital beds per capita as a proxy for health and social
conditions; Tourism, measured by the logarithm of tourism
revenue to reflect tourism activity; CPI, representing
provincial macroeconomic stability through the consumer
price index; and Gini, capturing the degree of income
inequality across localities.

In addition, the unobserved error component specific to
each province is denoted by ;, reflecting province-specific
characteristics that are constant over time. Including the
control variables in the model helps reduce bias arising
from socioeconomic factors while isolating the effect of
short-term climate variability on economic outcomes.

3.3. Estimation Strategy

The study applies panel data analysis to estimate the
effects of annual climate variability on provincial per
capita income. Before estimation, a sequence of
specification tests is conducted to determine the
appropriate panel-data estimator and ensure empirical
consistency.

Specifically, the Breusch—Pagan LM test assesses the
presence of panel effects, the F-test compares pooled OLS
with fixed effects, and the Hausman test determines the
choice between fixed and random effects. Finally, the
Hausman test is applied to choose between the fixed-
effects model and the random-effects model. This selection
is based on the assumption regarding the correlation
between the individual effects and the explanatory
variables.

Table 1. Panel data model selection tests

Test .
Test Purpose statistic p-value Conclusion
Breusch—Pagan Panel vs. = 0.000 Panel
LM pooled 391.98 ’ effects exist
FE vs. _ FE model
F-test (FE) pooled F=43.57 0.000 selected
Hausman  FEvs.RE ¢=2140 00016 @ o model
selected

(Source: Author’s calculations)

The test results reported in Table 1 indicate that the
province fixed-effects model is the appropriate
specification for analyzing the dataset [18]. Accordingly,
the subsequent estimations and analyses are conducted
based on this model.

In addition to model selection, the study also examines
the error properties in the panel data. The Wooldridge [19]
test for serial correlation indicates the presence of first-
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order serial correlation in the error term (F = 233.08; p <
0.01). At the same time, the modified Wald test for
heteroskedasticity also indicates the presence of
heteroskedasticity across observational units (x> = 126.30;
p < 0.01). Given the presence of serial correlation and
heteroskedasticity, the study employs Driscoll-Kraay
standard errors within the fixed-effects framework to
obtain robust inference under serial correlation,
heteroskedasticity, and cross-sectional dependence [20].

In the baseline model, the study uses year fixed effects
to control for common macro-level characteristics over
time across localities. Empirical framework is also treated
as a robustness check, helping to remove the influence of
annual macroeconomic shocks. At the same time,
combining year fixed effects with province fixed effects
helps reduce bias arising from unobserved factors, thereby
providing a clearer picture of the effect of short-term
climate variability.

3.4. Data and Variable Construction

The study uses provincial-level panel data for Central
Vietnam, covering 11 provinces over the period 2009-
2024. The provinces in the sample include Thanh Hoa,
Nghe An, Ha Tinh, Quang Binh, Quang Tri, Thua Thien
Hue, Da Nang, Quang Nam, Quang Ngai, Binh Dinh, and
Phu Yen. The study period is selected to reflect the context
of socioeconomic and climatic fluctuations in this region
in recent years.

Socioeconomic data are compiled for the period 2009—
2024 from the Statistical Yearbooks of the provinces in
Central Vietnam [20]. Per capita income is measured as the
natural logarithm of GRDP per capita at 2010 constant
prices.

Climate data are obtained from official sources,
primarily the Vietnam Meteorological and Hydrological
Administration and national climate databases. The climate
variables include annual average temperature, annual
rainfall, and annual sunshine duration. On this basis, the
CVlis constructed to reflect the degree of abnormal annual
fluctuations in climatic factors relative to their long-term
average values.

For each climatic factor k, including temperature,
rainfall, and sunshine duration, the data are standardized to
eliminate inherent differences in climatic conditions across
localities:

where Xj;; is the value of climatic factor k in province i
and year t, while X;; and g; denote, respectively, the mean
and standard deviation of factor k in province i over the
entire study period.

The CVI is constructed by aggregating the fluctuations
of the climatic factors after standardization for each year:

where K is the number of climatic factors included in the
index calculation. This construction captures annual
climate instability at the provincial level while minimizing
distortions arising from differences in measurement units
across climatic indicators.

Constructing the CVI in this way is consistent with the
objective of analyzing short-term economic effects, when
annual climate fluctuations may create direct shocks to
local economic activity. Therefore, in this study, the CVI
is understood as a measure of weather shocks rather than a
reflection of long-term climate change trends.

The control variables include the level of urbanization,
represented by the logarithm of the urban population;
health and social conditions, measured by the logarithm of
the number of hospital beds per capita; and the consumer
price index (CPI), reflecting inflation and the level of
macroeconomic stability at the provincial level. CPI data
are compiled from provincial Statistical Yearbooks and
used in the form of the annual average index.

In addition, to consider the degree of income
inequality, the study uses the provincial-level Gini index.
These data are compiled from household living standards
surveys published by the General Statistics Office,
combined with related statistical sources. For years with
missing data, the Gini index is linearly interpolated based
on adjacent years, similar to the approach adopted in
some previous empirical studies. Including this variable
in the model helps capture differences in income
distribution across localities over time.

Table 2. Description of variables used in the model

Symbol Definition Role Data source
Natural logarithm of GRDP per Dependent
Income capita (2010 constant prices)  variable [21]
Climate Variability Index .
. Main S
based on standardized annual Author’s
CVI L explanatory .
deviations in temperature, - calculation
. . . variable
rainfall, and sunshine duration
Natural logarithm of
Health the number of hospital Control [21]
beds per 10,000 people
Urban Natural logarlthm of Control [21]
urban population
CPI Average annual CPI Control [21]
Tourism Natural logarithm of tourism Control [21]
revenue
- - - "
Gini Glnlhcoefﬁmhent measuring Control ,[2 1], [221
income inequality interpolation

(Source: Author’s compilation and calculations)

4. Results and discussion
4.1. Descriptive statistics

Table 3 presents the descriptive statistics of the
variables used in the research model for 11 provinces in
Central Vietnam over the period 2009—2024. The variables
exhibit sufficient variation across provinces and over time,
reflecting substantial heterogeneity in socioeconomic and
climatic conditions across the study region.
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Table 3. Descriptive statistics Table 4. Regression results of the FE-DKSE model
. . Standard
Variable Mean Star'ldz}rd Minimum Maximum Variable Coefficient t P>|t|
deviation error
Income 3357 0318 2.674 4.028 CVI -0.0844%xx 00232 -3.64  0.002
CVI 0.799 0.351 0.192 1.951 Health 0.4875%%* 0.0797 6.12  0.000
sksksk
Health 3550  0.331 2888 4.391 Ué';jn 00633(1)20*** 0068(7)321 g'gz g'ggg
Urban 13.317 0.508 12.159 14.346 . ) ) ’ ’
Pl 91.447 3.036 24,070 - Tourism 0.0329%*** 0.0098 3.37  0.004
) ) ) ) ’ Gini -1.6443* 0.8802 -1.87  0.081
Tourism 5.608 1.132 1.030 8.172 _cons -5 8983 * 1.0778 547 0000
Gini 0.379 0.029 0.258 0.419

(Source: Processed from statistical data of Central provinces
and the Ministry of Information and Communications)

The dependent variable, measured as the logarithm of
GRDP per capita, has a mean value of 3.357 with a
standard deviation of 0.318. This result indicates the
existence of substantial differences in the level of
economic development across provinces. The range from
the minimum to the maximum value also reflects clear
income disparities within the research sample.

The CVI has a mean value of 0.799 and a standard
deviation of 0.351, indicating considerable differences in
the degree of climate fluctuation across provinces over
time. The range of variation in the CVI suggests that
localities in the region are not only affected by their
specific climatic conditions, but also face weather shocks
whose intensity changes over time.

Regarding the control variables, Health (the logarithm
of the number of hospital beds per 10,000 people) and
Urban (the logarithm of the urban population) both show
relatively stable variation, reflecting differences in health
conditions and levels of urbanization across provinces. In
addition, the CPI has a mean value of 91.447 and a standard
deviation of 3.036, with no significant outliers. The Gini
index has a mean value of 0.379, with relatively low
variation, suggesting that differences in income
distribution across localities are not excessively large.

Overall, the descriptive statistics indicate meaningful
cross-provincial and temporal variation in both climatic
and socioeconomic variables, supporting the suitability of
the dataset for panel-data estimation. In particular, the
variation in CVI confirms substantial differences in annual
climate instability across provinces and over time.

4.2. Estimation results from the fixed-effects model with
DKSE standard errors

Table 4 reports the baseline FE-DKSE estimates,
which are statistically robust overall and broadly consistent
with theoretical expectations.

The coefficient on CVI is negative and statistically
significant at the 1% level (B = -0.0844), indicating that
greater annual climate instability is associated with lower
provincial GRDP per capita in the short run. This finding
suggests that annual weather shocks may disrupt local
economic activity, particularly in Central Vietnam, where
dependence on climate-sensitive sectors remains
relatively high.

Notes: *** ** * denote significance levels of 1%, 5%, and 10%,
respectively. N = 176; Number of provinces = 11; Within
R*=10.836

(Source: Author’s calculations)

Among the control variables, urbanization, health
infrastructure, tourism activity, and CPI all exhibit positive
and statistically significant associations with provincial
income, suggesting that structural socioeconomic capacity
may partially offset climate-related vulnerability.
Urbanization appears particularly important, consistent
with its role in enhancing productivity, labor mobility, and
broader economic opportunities. The positive coefficient
on tourism further highlights the contribution of service-
sector development to local economic performance.
Meanwhile, the positive CPI coefficient may reflect short-
run macroeconomic expansion rather than a direct welfare-
enhancing effect of inflation itself. Although the Gini
coefficient is only weakly significant at the 10% level, its
negative sign suggests that income inequality may
constrain provincial economic performance under certain
conditions.

Overall, the estimation results from the FE-DKSE
model provide empirical evidence that short-term climate
variability has an adverse effect on provincial per capita
income, even after controlling for important
socioeconomic factors.

4.3. Robustness checks

To evaluate the robustness of the baseline findings,
the study estimates several alternative model
specifications by incorporating additional temporal
controls, lag structures, and endogeneity-mitigating
adjustments. Specifically, three robustness strategies are
employed: (i) adding year fixed effects to control for

common macroeconomic shocks over time, (ii)
introducing the lagged climate variable, and (iii)
incorporating lagged control variables to reduce

potential endogeneity concerns. The corresponding

results are reported in Table 5.

When year fixed effects are introduced, the coefficient
on CVI remains negative and statistically significant at the
10% level, although its magnitude declines relative to the
baseline estimate (from -0.0844 to -0.0313). This pattern
suggests that part of the variation in provincial GRDP per
capita is associated with broader temporal dynamics;
however, the adverse short-run effect of climate variability
remains robust after controlling for common
macroeconomic shocks.
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Table 5. Robustness checks of estimation results

. , Climate , .o
Model specification variable Coefficient Significance
FE-DKSE + Year FE CVI -0.0313 *
FE-DKSE (lag) L.CVI -0.0384 **
FE-DKSE *+lag cvI 0.0342 *x

controls

(Source: Author’s calculations)

When the lagged value of CVI is included, the
coefficient remains negative and statistically significant at
the 5% level (-0.0384), suggesting that the economic
effects of climate shocks may persist into the subsequent
period. Similarly, when lagged control variables are
incorporated to mitigate potential endogeneity, the
coefficient on CVI remains negative and statistically
significant at the 5% level (-0.0342). These results
reinforce that the inverse relationship between climate
variability and provincial income is not driven solely by
contemporaneous specification choices, but remains stable
across alternative model structures.

Overall, all robustness checks consistently confirm the
negative association between climate variability and
provincial GRDP per capita across alternative
specifications. Although the magnitude of the coefficient
declines when additional temporal controls and lag
structures are introduced, the sign and statistical
significance remain broadly stable. This consistency
strengthens confidence in the core empirical finding that
short-term climate variability adversely affects local
economic performance, while also suggesting appropriate
caution given the study’s sample size limitations.

4.4. Discussion

The baseline estimates and robustness checks
consistently indicate that short-term climate variability, as
measured by the CVI, exerts a negative effect on provincial
GRDP per capita in Central Vietnam. This finding supports
the research hypothesis that annual weather shocks may
disrupt local economic activity even after controlling for
key socioeconomic factors.

This result is consistent with prior empirical studies
showing that short-term climate shocks often reduce
productivity and economic growth, particularly in
developing economies that remain highly dependent on
natural conditions. In the context of Central Vietnam,
where agriculture, tourism, and coastal services are
especially climate-sensitive, annual weather instability
may disrupt production chains, reduce labor productivity,
and weaken household income and consumption, thereby
constraining short-term local economic outcomes.

In addition, the control variables suggest that structural
socioeconomic factors—including urbanization, health
infrastructure, and tourism development—are positively
associated with provincial income, indicating that stronger
local socioeconomic capacity may partially mitigate
climate-related vulnerability. However, because these
variables are incorporated primarily as controls, the study
does not directly examine their mediating or interactive
roles in shaping climate-related economic effects. By

contrast, the negative coefficient on the Gini index
suggests that income inequality may constrain local
economic performance, although this relationship remains
relatively weak in the baseline specification.

Compared with studies emphasizing long-term climate
change or national-level evidence, the present findings
highlight the importance of examining annual short-term
climate variability at the local level. This empirical
framework helps clarify the direct transmission channels
through which weather shocks affect provincial economic
performance in the short run, while also extending the
climate economics literature in the context of transitional
and developing economies. These findings suggest that
focusing exclusively on long-term trends may underestimate
the immediate economic consequences of localized climate
instability.

5. Conclusion and policy implications
5.1. Conclusion

This study examines the effects of annual climate
variability on provincial GRDP per capita in Central
Vietnam during 2009-2024 using panel data and the FE—
DKSE framework. The empirical results indicate that
annual climate shocks exert a negative effect on local
economic performance, and this relationship remains
robust after controlling for key socioeconomic factors.

A key contribution of this study lies in its short-run,
local-level analytical perspective on climate variability,
rather than focusing primarily on long-term climate trends
or national-level evidence. This approach helps clarify the
direct transmission channels through which annual weather
shocks influence provincial economic outcomes in a
developing regional context.

The findings also provide additional empirical evidence
on how structural socioeconomic conditions shape local
economic resilience under climate-related pressures,
thereby extending the climate economics literature at the
subnational level within developing economies.

Nevertheless, several limitations should be
acknowledged. The CVI is constructed from basic climatic
indicators and therefore may not fully capture the intensity
of extreme weather events. In addition, data limitations for
certain control variables require interpolation in some
cases. Future research may strengthen this framework by
incorporating broader climate-risk indicators, extreme-
event measures, and higher-frequency local data.

5.2. Policy implications

Based on the empirical findings, several policy
implications emerge for mitigating the adverse economic
effects of climate variability in Central Vietnam.

First, strengthening local adaptive capacity should be a
central policy priority. Regional development strategies
should place greater emphasis on climate-sensitive sectors
such as agriculture, tourism, and coastal services, while
simultaneously expanding investment in climate
forecasting systems, disaster preparedness, and climate-
risk management infrastructure.
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Second, the positive role of urbanization suggests that
economic diversification beyond climate-vulnerable
sectors is essential. Urban development, service-sector
expansion, and regional infrastructure planning should be
integrated with climate adaptation objectives to reduce
structural dependence on weather-sensitive activities.

Third, the adverse association between income
inequality and economic performance highlights the
importance of inclusive resilience policies. Strengthening
social protection systems, reducing inequality, and
improving adaptive  capacity among vulnerable
populations may enhance both social stability and regional
economic resilience under climate-related stress.

Overall, the findings emphasize that sustainable
regional growth in the context of increasing climate
variability requires the integration of socioeconomic
development strategies with localized climate adaptation
planning.
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