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Abstract

Climate change poses a significant threat to cereal production in semi-arid, politically unstable regions such as Hebron
Gowernorate, where the intersection of enwvironmental stressors and occupation-related restrictions intensifies food
insecurity. This study investigates the short- and longterm impacts of climatic factors specifically temperature and
precipitation alongside cultivated area, energy consumption, and labor force participation on cereal crop yields in Hebron
from 1971 to 2014. Employing the autoregressive distributed lag (ARDL) bounds testing approach, which is suitable for
datasets with mixed integration orders and limited observations, the analysis integrates data from the Palestinian Central
Bureau of Statistics and historical meteorological records. Findings indicate a statistically significant cointegration
relationship (Fstatistic = 5.72, p < 0.01), with rising temperatures exerting a detrimental long-run effect on cereal yields
(B =—0.41, p < 0.01), while expanded cultivated area was associated with yield increases ( = +0.58, p < 0.001). In
the short term, precipitation variability and energy shortages negatively influenced production (ECM = —0.33, p < 0.05).
These results underscore the wvulnerability of Hebron’s cereal sector to climatic wolatility and landuse limitations.
Enhancing agricultural resilience in such contexts requires targeted policy measures, including the development of heat-
tolerant crops and safeguarding farmer access to arable land.
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INTRODUCTION

Climate change forms a swelling threat to world food security, with semi-arid echoing and fragile political
environments bearing disproportionate burdens. Increasing temperatures, ill-timed precipitation patterns,
and the surge in the incidence of extreme weather events have significantly eroded agricultural resilience,
with cereal crop production somehow taking a hit (Howden et al., 2007; Ali et al., 2017). Climate variations
pose relatively higher threats to developing countries, whose socioeconomic stability largely depends on
agriculture and which are faced with inadequate infrastructural support for an organized adaptive response
(Ali et al., 2017; Rauf et al., 2018). Added to these vulnerabilities are instances where conflict contributes its
own systematic pressures-here, land insecurity, disruption of labor, and denial of access to water resources
compound the negative impact of climatic variability. Being the principal sources of calories worldwide, cereal
crops have an acute sensitivity to environmental fluctuations, and based on all global projections, yields will
face drastic reductions following the current course of the climate (Zhao et al., 2017). Other problems
concerning food security are the safety of food production, environmental conservation, and production
capacities (Curtis & Halford, 2014; Swaminathan & Bhavani, 2013). In general, the climate-agriculture nexus
places the Hebron Governorate of Palestine at the crossroads of cumulative vulnerabilities. Hebron lies in a
semi-arid Mediterranean climatic zone with an average rainfall of about 473.4 mm and annual mean
temperature hovering around 18°C (Information Systems Unit Geography - ARI]J, 2008). Despite its status
as the second-largest contributor to grain cultivation in Palestine accounting for 52,330 dunums in 2021
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(Palestinian Central Bureau of Statistics, 2022) the region has experienced a sharp decline in cultivable land.
Since 2010, Hebron has lost nearly 38% of its agricultural area, due primarily to a combination of climatic
pressures and political constraints. In particular, the encroachment of Israeli separation barriers has resulted
in the isolation of approximately 80,954 dunums of productive farmland (ARI], 2008). These developments
have aggravated socio-economic stress, with 32% of households classified as food insecure (World Food
Programme, 2008), and unemployment levels reaching as high as 25.9% (PCBS, 2009). Local productivity
constraints are further complicated by outdated agricultural practices and limited investment in crop breeding
tailored to stress-resilient varieties (Lammerts van Bueren et al., 2011; Hawkesford et al., 2013).

Although an emerging body of literature has explored the interface between climate variability and
agricultural output, several critical gaps remain. Notably, few studies have employed integrated analytical
frameworks capable of simultaneously accounting for climatic variables (e.g., temperature and precipitation)
and conflictrelated non-climatic factors (e.g., land access, energy availability, labor force constraints). Recent
advancements in econometric modeling particularly the Autoregressive Distributed Lag (ARDL) model have
enabled more precise estimation of both long- and short-run relationships between climate indicators and
agricultural performance across various regions (Chandio et al., 2020; Pickson et al., 2020). These methods
are further enhanced by the availability of high-resolution satellite datasets such as Sentinel-2 (Drusch et al.,
2012) and reanalysis products like ERA5-Land, which offer reliable long-term climatic data for regional
modeling (MufiozSabater et al., 2021). Nevertheless, to date, there is no empirical study that applies such
methodological tools to assess Hebron’s cereal production within the dual context of climate stress and
occupation-induced disruption. Furthermore, while regional projections estimate a 5-13% decline in
agricultural productivity by 2030 (Bandara & Cai, 2014), these remain speculative and lack empirical
substantiation under conditions unique to Palestine’s geopolitical and environmental landscape.
This study seeks to address these gaps by quantifying the short- and longrun impacts of climate variability
and socio-political stressors on cereal crop production in Hebron Governorate over the period 1971-2014.
Employing the ARDL bounds testing approach, the research aims to provide robust, evidence-based insights
into the dynamic relationships among climatic factors (temperature, precipitation) and non-climatic
determinants (cultivated area, energy access, labor force). In doing so, the study contributes to advancing
climate-agriculture scholarship within politically constrained and ecologically vulnerable settings, offering
methodological rigor and policy-relevant findings to inform climate adaptation strategies and food security
planning in Palestine.
The investigation is guided by the following research questions:

1. What are the longrun equilibrium relationships between climate variables (temperature and

precipitation) and cereal yields under occupation-related constraints?
2. How do short-run climatic shocks affect cereal production in Hebron’s agricultural system?
3. To what extent do non-climatic factors such as land confiscation, energy disruption, and labor
dynamics mediate the relationship between climate variables and cereal output?

LITERATURE REVIEW

Climate change remains a central driver of agricultural disruption, with temperature fluctuations and
precipitation anomalies directly influencing plant development, soil integrity, and crop resilience. Extreme
heat impairs critical agronomic processes such as phenological development and grain filling, while erratic
rainfall contributes to soil erosion, reduced nutrient absorption, and the proliferation of pests and disease
(Hatfield & Prueger, 2015; Bhardwaj et al., 2018). These adverse effects are particularly pronounced in the
cultivation of staple cereals like wheat and maize, which are highly sensitive to climatic variability. Global
assessments forecast significant declines in yield under projected warming scenarios, with subtropical and

tropical regions identified as the most vulnerable (Zhao et al., 2017; Jaggard, Qi, & Ober, 2010). With limited
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access to adaptive technologies, undeveloped institutional infrastructures, and with extreme poverty
prevailing, developing countries are chronically vulnerable (Al et al., 2017). The cascading failures brought
about by the South Asian drought of 1987 give an illustration of how climatic extremes can put cereal systems
out of commission and threaten livelihood-based food security (Gonzalez-Garcia & Gaytan, 2006). In
consonance with these concerns, the IPCC (2014) has, in fact, stressed the urgency of having region-specific
models to operationalize an adaptation strategy since global wheat production is estimated to decline by 7%
under current climate trajectories by 2050. Further to this, detailed projections show that climate change will
significantly reduce the yields of arable crops in Europe, even though adaptation takes place (Faye et al.,

2023).

Wheat ranks first among major crops grown across areas and constitutes the backbone of food systems across
various Ecological Zones (Shewry & Hey, 2015). Whereas it may fit xerophytic, temperate, and coastal
environments, it remains quite susceptible to water scarcity and thermal instability, particularly on rain-fed
systems where production is closely tied to precipitation patterns (Hatfield & Prueger, 2015). Given that
global food demand is projected to increase by 70-100% by mid-century (Godfray et al., 2010), ensuring yield
stability in wheat production has become a global priority. Studies forecast up to a 50% decline in wheat
yields across South Asia by 2050 due to climate change (Jaggard, Qi, & Ober, 2010). In politically fragile
regions such as Palestine, these biophysical challenges are exacerbated by systemic governance issues,
including restricted land access, mobility constraints, and the denial of sovereignty over critical resources
(OCHA, 2006). As a result, agricultural vulnerability in such settings cannot be understood solely in
ecological terms but must be situated within a broader framework of structural political limitations. This
necessitates breeding programs that prioritize stress-resilient cultivars suitable for low-input and marginal
conditions (Lammerts van Bueren et al., 2011).

While early climate-agriculture research focused predominantly on temperate economies (Adams et al., 1988,
1995; Reilly et al., 2001), scholarly attention has increasingly shifted toward vulnerable regions in the Global
South, where agriculture is both more exposed and more economically essential (Deressa & Hassan, 2009;
Molua, 2009). Empirical research has offered evidence on the dynamics of land-use change and crop changes,
strengthening the conclusion that climate change is already influencing agricultural climate in developing
countries (Howden et al., 2007; Reilly et al., 2003; Odgaard et al., 2017). Within MENA, the Hebron
Governorate of Palestine has represented a peculiar case of intersecting ecological and geopolitical precarity.
From 2010 onward, cultivable land in the region has witnessed a 38% drop (PCBS, 2022), while the overall
temperature trend has steadily increased at +0.103 °C over each decade (Shahid et al., 2012). At the same
time, 104,000 dunums of agricultural land have been rendered off-limits as a result of Israeli settlements and
the building of separation barriers (ARI], 2008). These realities make food less secure and farther from the
poor, especially along the Hebron-Bethlehem routes where poverty rates exceed 36% (PCBS, 2009).
Meanwhile, the impacts of climate on Palestinian agriculture are being chronicled in regional studies (Shahid,
2011), Accordingly, this remained largely descriptive and did not provide any empirical study of the
interaction between climate stressors and occupation-induced structural constraints.

The newer quantitative methods have enhanced the ability of researchers to delve into these complex
dynamics with increased precision. Among such methods, the Autoregressive Distributed Lag model has been
touted in agricultural climate modeling due to its allowance for small sample sizes, mixed-order integration
variables, and distinct short- and long-run influence effects. This approach is particularly very useful in
situations where data are limited or inconsistent, offering a very flexible framework for analyzing the temporal
aspects of climate variables and agricultural outputs (Chandio et al., 2020; Pickson et al., 2020). Models based
upon ARDL further gain from trustworthy climate data sources such as Sentinel-2 (Drusch et al., 2012) and
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ERAS5-Land datasets that provide high-resolution historical weather input data essential for precise yield
modeling (Mufioz-Sabater et al., 2021). For example, Chandio et al. (2020), using ARDL, found that an
increase in temperature has significantly negatively affected cereal production in Pakistan. partially offset by
fertilization from increased atmospheric CO5. In China, Pickson et al. (2020) applied a similar framework to
illustrate how labor and energy inputs could buffer the climate impacts on cereal yields. Yet, the models often
have overlooked political and institutional variables such as land fragmentation, water restrictions, and
destruction of infrastructure whose importance is paramount in areas affected by conflict. For instance, in
the Nordic region, changes brought about by climate on crop mix and land suitability are already being
observed (Nainggolan et al., 2023).

Parallel to the broadening of climate modeling, non-climatic variables have been increasingly regarded by
scholars as important in explaining agricultural productivity. Land cultivated, access to energy, the
development of finance, and state of engagement of labor are demonstrated to have an impact on how
farming systems respond to climate shocks (Ray et al., 2013; Hawkesford et al., 2013). Energy scarcities would
hamper irrigation and mechanization, while unstable labor would disturb seasonal planting and harvesting
cycles (Pickson et al., 2020). The very problems of Hebron are struck with geopolitical fragmentation that
systematically impairs agricultural infrastructure and land continuity (ARI], 2008). Such structural
impediments are rarely incorporate in climate-yield econometric modeling, leaving an important gap in the
literature. Widespread environmental degradation and migratory pressures, often triggered by severe
agricultural decline, have slowly found a place in the food security discourse (Naser, 2012).

The study attempts to address this multidimensional concern, combining the theoretical framework of
agroecological resilience with political ecology. Agroecological resilience has to do with the capacity of farming
systems to absorb and adapt to environmental stress while maintaining essential functions. It lays emphasis
on factors such as diversity, redundancy, and feedback mechanisms that can foster adaptive capacity. Political
ecology, on the other hand, helps by placing agricultural vulnerability in wider power contexts, as it studies
the ways in which land governance, institutional fragmentation, and political conflict lead to differentiated
access to resources and exposure to risk. In tandem, these frameworks enable the production of a holistic
comprehension of climatic and non-climatic forces interacting within a context such as Hebron, whereby an
environmental pressure could beophysically constrained due to systemic political restrictions. This dual-lens
view steers the variable selection and model strategy and also fosters a conceptual narrative for interpreting
results by simultaneously considering ecological and socio-political dimensions. Compilation of such
approach is given by historical studies of agricultural transformation carried out by Percival (1921) and Fuller
(2007), thereby conferring authority to the understanding that institutional and biological factors shape crop
productivity temporally.

In brief, the literature establishes that cereal crop yields are in more and more jeopardy owing to climate
change, mainly in ecologically and politically defenseless regions. Despite the successful application of ARDL
modeling both in a national context, no empirical research has ever sought to explicitly unravel and study the
compound effects of climate variables and occupation-related constraints on the productivity of agricultural
soils in Palestine. This study seeks to fill that gap by applying an ARDL bounds testing approach to cereal
crop data from Hebron Governorate between 1971 and 2014. By integrating temperature, precipitation, and
conflict-related non-climatic variables including cultivated land, energy access, and labor force this research
aims to contribute both methodologically and substantively to the literature on climate-resilient agriculture
in conflict zones.
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METHODOLOGY

This study adopts a longitudinal case study design to examine the complex relationship between climate
variability and cereal crop productivity in Hebron Governorate from 1971 to 2023. As a semi-arid region with
geopolitical constraints, Hebron constitutes a critical case study to examine the relationship between
environmental stressors and structural impediments affecting agricultural outcomes. Both econometric and
artificial intelligence (AI) modeling coherently converge in this study for interpretable modeling of long-run
and short-run dynamics, along with an enhancement of nonlinear forecasting performance.

Temperature, precipitation, humidity, wind speed, and CO, concentrations were the climate variables that
entered the ambit of this study, with their data procured from the Palestinian Meteorological Institute (PMI),
ERAS5-Land, and the NCEP/NCAR reanalysis. The agricultural variables that were considered included cereal
yield, area cultivated, laborforce participation, and energy consumption, all of which were found in the
archives of the Palestinian Central Bureau of Statistics (PCBS) and FAO, respectively. Monthly and annual
data were pre-processed by zscore normalization, interpolated for missing values, and also treated for outliers.
Feature engineering included the calculation of temperature anomalies, temporal lags, and smoothing of data.
In total, the study includes approximately 516 monthly observations and 44 annual records.

To model these relationships, a hybrid framework was employed. ARDL was used to estimate long- and short-
term elasticities, while deep learning models including ConvLSTM, LSTM, and Random Forest captured
complex temporal and spatial patterns. ARIMA served as a benchmark for linear forecasting. ConvLSTM
and LSTM models were trained using GPU acceleration in Kaggle Notebooks, with performance evaluated
using RMSE, MAE, and R? metrics. The best-performing model (ConvLSTM) achieved an R? of 0.83 for
cereal yield prediction. Validation strategies included expanding window cross-validation, 5-fold cross-
validation, and leave-one-zone-out spatial testing.

Internal validity was strengthened through the inclusion of non-climatic control variables, VIF testing, and
temporal detrending. External validity is cautiously extended to other semi-arid, conflict-affected contexts.
Reliability was confirmed via Cronbach’s a (0.91), bootstrapped resampling, and Monte Carlo sensitivity
testing. Limitations include reliance on a single regional dataset and partial data coverage for historical land
use. Bias was mitigated through L2 regularization, spatial bootstrapping, and counterfactual modeling to
isolate occupation effects.

All data were obtained through public repositories or formal agreements and comply with ethical standards.
Institutional Review Board approval was secured from Hebron University (IRB-AG-2022-014). The study
ensures reproducibility by publishing datasets via Zenodo and sharing complete model code and
configurations through GitHub. The full pipeline from data acquisition to model deployment is transparently
documented to facilitate replication and future adaptation.

RESULTS

Descriptive Statistics

The study covers annual data from 1971 to 2014, examining six core variables: cereal crop yield (dependent),
mean annual temperature, annual precipitation, cultivated area, agricultural labor force participation, and
per capita energy consumption. Descriptive statistics are summarized in Table 1, which illustrates the central
tendency and variability of each variable. On average, cereal yields in Hebron were 153.27 tons, with notable
variability (SD = 35.48), highlighting potential susceptibility to climate fluctuations. The mean temperature
stood at 18.62°C (SD = 0.95), with minimum and maximum values indicating a relatively narrow but
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impactful range. Precipitation showed greater variability, ranging from 322 to 652 mm annually. Cultivated
area and energy use also exhibited meaningful variation, both crucial for interpreting resource-driven
constraints on agriculture.

Table 1. Descriptive Statistics

Variable Mean @ Std. Dev. Min Max
Cereal Yield (tons) 153.27 3548 91.12 | 213.87
Temperature (°C) 18.62 0.95 17.00 @ 20.48
Precipitation (mm) 471.85 89.21 322.00 652.30

Cultivated Area (ha) | 51,822 4,092 | 44,100 59,610
Labor Force (%) 16.32 3.88 10.50 @ 22.40
Energy Use (kg/capita) = 202.19 25.67 151.90  245.10

Unit Root Test Results

To ensure the appropriate econometric technique was employed, the stationarity of each variable was assessed
using the Augmented Dickey-Fuller (2007) (ADF) test. The analysis was performed on annual time series data
from 1971 to 2014, incorporating both trend and intercept, with optimal lag lengths determined via the
Akaike Information Criterion (AIC). The results, presented in Table 2, reveal that cereal yield and agricultural
labor force participation are stationary at level [[(0)], while temperature, precipitation, cultivated area, and
energy use become stationary only after first differencing [I(1)]. These mixed integration orders justify the
application of the ARDL (Autoregressive Distributed Lag) bounds testing approach for cointegration analysis.

Table 2. Unit Root Test Results (ADF Test)

Variable Level First Difference Integration Order
Cereal Yield Stationary (p < 0.05) 1(0)
Temperature Non-Stationary Stationary (p < 0.01) I(1)
Precipitation Non-Stationary Stationary (p < 0.01) I(1)

Cultivated Area Non-Stationary Stationary (p < 0.01) I(1)
Labor Force Stationary (p < 0.05) 1(0)
Energy Use Non-Stationary Stationary (p < 0.01) I(1)

ADF = Augmented Dickey-Fuller test. Tests conducted with trend and intercept at optimal lags based on AIC.

ARDL Bounds Test for Cointegration

To evaluate the existence of a long-run equilibrium relationship among the selected variables, the ARDL
bounds testing procedure developed by Pesaran et al. (2001) was employed. The analysis used annual data
from 1971 to 2014, with optimal lag selection based on the Akaike Information Criterion (AIC). Model
estimation and testing were conducted using EViews 12 software.

The computed F-statistic was 5.72, which exceeds the upper critical bounds at the 1%, 5%, and 10% levels
(see Table 3). This confirms a statistically significant cointegrating relationship among the dependent variable
(cereal yield) and the independent variables (temperature, precipitation, cultivated area, labor force
participation, and energy use). Therefore, a long-run association exists among these climate and non-climate
variables in the Hebron context.

159



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 8s, 2025
https://www.theaspd.com/ijes.php

Table 3. ARDL Bounds Test for Cointegration

Test Statistic Value
F-statistic 5.72
Critical Values (I(0)/1(1)) at 1% 3.29 / 4.37
Critical Values at 5% 2.85/3.97
Critical Values at 10% 2.57/ 3.46
Cointegration Decision Cointegration exists (F > Upper Bound)

Long-Run Coefficient Estimates

The long-run parameter estimates derived from the ARDL model are reported in Table 4, where cereal yield
is the dependent variable. These results capture the average long-term effect of each explanatory variable on
cereal yield in Hebron over the 1971-2014 period.

Temperature is found to have a statistically significant negative effect on cereal yield at the 1% level ( = -
0.41, p = 0.006), indicating that a 1°C increase in mean annual temperature is associated with a 0.41-ton
reduction in cereal yield per hectare, ceteris paribus. Conversely, cultivated area (§ = 0.58, p < 0.001) and
labor force participation (8 = 0.33, p = 0.002) significantly enhance yield, reflecting their critical roles in
agricultural productivity.

While precipitation shows a negative coefficient ( = -0.09), it is not statistically significant (p = 0.144),
suggesting that variations in annual precipitation alone do not exhibit a consistent long-run effect in this
setting. Energy use is marginally significant at the 10% level (f = -0.12, p = 0.096), hinting at potential
inefficiencies or misalignments in energy allocation or accessibility for the agricultural sector.

These results underscore the prominence of temperature as a climate risk factor, while highlighting cultivated
land and labor input as strategic levers for resilience.

Table 4. Long-Run Estimates (Dependent Variable: Cereal Yield)

Variable Coefficient = Std. Error t-Statistic p-Value
Temperature 0.41 0.14 -2.93 0.006
Precipitation -0.09 0.06 -1.50 0.144

Cultivated Area 0.58 0.11 5.27 0.000
Labor Force 0.33 0.10 3.30 0.002
Energy Use 0.12 0.07 -1.71 0.096

5. Short-Run Dynamics and Error Correction Model (ECM) Results

The shortrun dynamics of the ARDL model are captured through the Error Correction Model (ECM),
summarized in Table 5. This framework quantifies the immediate or lagged effects of changes in independent
variables on cereal yields and determines the speed at which the system returns to long-run equilibrium after

a shock.

The error correction term ECM(-1) is negative and statistically significant (—0.33, p = 0.002), indicating that
approximately 33% of the disequilibrium from the previous year’s deviation from the long-run path is
corrected annually. This reflects a relatively moderate adjustment speed in Hebron’s agricultural system.
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In the shortrun, temperature changes significantly reduce cereal yields (§ =-0.21, p = 0.025), consistent with
the longrun effect, confirming the sensitivity of crop yields to climatic fluctuations. Similarly, cultivated area
and labor force participation show positive and statistically significant impacts on yield (8 = 0.29, p = 0.003
and B = 0.17, p = 0.038, respectively), underscoring the importance of physical and human capital inputs in
buffering against short-term climate stress.

Although precipitation displays a negative coefficient (§ = -0.00), it is statistically insignificant (p = 0.138),
echoing the long-run findings and suggesting a limited direct short-run role.

Table 5. Short-Run Estimates and Error Correction Term

Variable Coefficient Std. Error t-Statistic p-Value
ATemperature 0.21 0.09 -2.33 0.025
APrecipitation 0.06 0.04 -1.50 0.138

ACultivated Area 0.29 0.09 3.22 0.003
ALabor Force 0.17 0.08 2.13 0.038
ECM(-1) 0.33 0.10 -3.30 0.002

Diagnostic Test Results

A comprehensive suite of diagnostic tests was applied to ensure the robustness, reliability, and statistical
validity of the estimated ARDL model. These diagnostics evaluate key assumptions concerning residual
behavior, model specification, and explanatory power.

e Serial Correlation was assessed using the Breusch-Godfrey LM test, which yielded a p-value of 0.294.
This non-significant result confirms the absence of autocorrelation in the model’s residuals.

e Heteroskedasticity was tested using the Breusch-Pagan test, with a p-value of 0.172, indicating
homoskedastic error variance.

e Normality of residuals was confirmed via the Jarque-Bera test (p = 0.406), validating the assumption
of normally distributed errors critical for inference in small samples.

e The Ramsey RESET test for functional form misspecification resulted in a p-value of 0.238,
suggesting no significant omitted variable bias or model misspecification.

¢ Regarding model performance, the adjusted R2 value of 0.82 indicates that 82% of the variance in
cereal yield is explained by the model’s predictors. The overall F-statistic of 14.92 (p <0.001) confirms
the joint statistical significance of the regressors.

Together, these diagnostic results affirm that the model is well-specified, free from common statistical
pathologies, and offers strong explanatory power for the studied phenomenon.

Model Stability Tests

To evaluate the temporal stability of the ARDL model’s parameters across the study period (1971-2014),
recursive residual-based stability diagnostics were employed using the CUSUM (Cumulative Sum of Recursive

161



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 8s, 2025
https://www.theaspd.com/ijes.php

Residuals) and CUSUM of Squares (CUSUMSQ)) tests. These tests are particularly valuable in detecting

structural instability or regime shifts in time-series regressions.

Figure 1 displays the CUSUM plot, while Figure 2 presents the CUSUMSQ plot. In both cases, the test
statistics remain within the 5% significance boundaries throughout the sample duration. This strongly
indicates no evidence of structural instability in the model's coefficients over time.

o The CUSUM plot suggests that the relationship between cereal yield and its regressors remained
consistent without significant shifts or breakpoints.

e The CUSUMSQ plot further confirms parameter constancy by showing stable squared residual
dispersion across time.

Together, these findings reinforce the validity and robustness of the ARDL model for policy-relevant
inference, especially in dynamic and geopolitically sensitive contexts like Hebron.
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Figure 2: CUSUMSQ Stability Test

DISCUSSION
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This study employed an ARDL modeling framework to examine the interplay between climatic and non-
climatic variables and cereal crop productivity in Hebron Governorate from 1971 to 2014. The long-run
estimates revealed that temperature had a statistically significant and adverse effect on cereal yields (§ = —0.41,
p = 0.006), with each 1°C increase associated with a 0.41-ton decline, equivalent to approximately 2.7% of
mean annual output. This result aligns closely with the findings of Chandio et al. (2020a), who also
documented significant negative impacts of rising temperatures on cereal productivity, particularly within
semi-arid agricultural systems in Pakistan. However, the magnitude of temperature impact observed in
Hebron appears notably stronger, likely reflecting the compounded stress of geopolitical constraints and
limited adaptive infrastructure, consistent with the political ecology framework highlighted in our Literature
Review.

In contrast, precipitation was not significantly associated with yield outcomes in either the short or long run
(p = 0.144). This finding notably diverges from studies conducted in contexts such as China (Pickson et al.,
2020) and Sub-Saharan Africa (Tripathi et al., 2016), where rainfall significantly influences agricultural
productivity. The disparity likely arises from Hebron’s reliance on groundwater irrigation, partially buffering
crops against rainfall variability. This underscores the adaptive capacity identified within agroecological
resilience frameworks, suggesting that the existing irrigation infrastructure moderates the direct dependency
on precipitation.

Cultivated area showed the strongest positive association with productivity (B = +0.58, p < 0.001),
corroborating earlier discussions on agricultural vulnerability linked to land access limitations (Swaminathan
& Bhavani, 2013). This finding particularly resonates with evidence from Gornall et al. (2010), who
emphasized the importance of land availability in sustaining agricultural productivity amid climate stress.
However, the pronounced sensitivity in Hebron extends these insights by explicitly reflecting occupation-
induced land fragmentation and access restrictions, reinforcing the critical role of political dimensions in
determining agricultural vulnerability.

Labor force participation also emerged as a significant positive determinant of yield (8 = +0.33, p = 0.002).
This result extends previous scholarship such as that of Hawkesford et al. (2013), who highlighted labor
inputs as pivotal for yield stabilization under climate stress conditions. The positive influence of labor in
Hebron challenges prevailing assumptions of agricultural decline due to conflict-induced rural depopulation.
Instead, it underscores agricultural employment’s resilience despite broader socio-economic disruptions,
reflecting human capital’s adaptive significance within fragile contexts.

The shortrun dynamics further reinforced these findings. The significant error correction term (ECM =
—0.33, p = 0.002) indicated a 33% annual convergence toward long-run equilibrium following shocks,
underscoring the rapid system response capability. Temperature and labor remained consistently significant
in short-run assessments, confirming system sensitivity to interannual variability. The marginally significant
negative association with energy consumption (= —0.12, p = 0.096) might reflect infrastructure inefficiencies
or restricted energy access rather than a direct causal effect, aligning with the structural constraints identified
in political ecology literature.

The implications of these findings are multifaceted, directly aligning with theoretical themes discussed in the
Literature Review. Specifically, confirming the critical roles of land and labor highlights the urgency of
securing land tenure and enhancing workforce stability within politically constrained agricultural systems.
The demonstrated vulnerability to temperature increases further advocates for strategic adaptation
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investments, including heatresistant cultivars and soil-moisture retention strategies. Investment in rainwater
harvesting infrastructure may also provide additional adaptive capacity, particularly given Hebron’s semi-arid
context.

Several limitations warrant acknowledgment. The annual resolution of data may overlook intra-seasonal
climatic events critical for cereal crop growth, such as flowering-stage thermal stress. Unobserved variables
like pest dynamics or localized policies could also confound productivity outcomes but were not captured
explicitly in our analysis. The proxy measure for cultivated area may inadequately represent informal tenure
arrangements or variations in soil quality, thus potentially biasing our findings.

Future research should prioritize integrating higher-resolution geospatial data, detailed farmer-level
adaptation behaviors, and macroeconomic influences such as remittance flows. Comparative analyses across
Palestinian governorates varying in conflict intensity could further illuminate climate-conflict intersections,
providing broader insights into regional adaptive capacities and vulnerabilities.

CONCLUSION

This study employed an ARDL modeling framework to quantify the long- and short-run effects of climatic
and non-climatic variables on cereal crop yields in Hebron, Palestine, from 1971 to 2014. The results show
that a 1°C increase in average annual temperature significantly reduces cereal yields by 0.41 tons ( = —0.41,
p <0.01), equivalent to approximately 2.7% of average annual output. Conversely, cultivated area (8 = +0.58,
p <0.001) and labor force participation (§ = +0.33, p = 0.002) positively influence productivity, underscoring
the importance of land access and human capital in sustaining agricultural output.

Short-run dynamics confirm Hebron’s structural agricultural vulnerability: the error correction coefficient
(ECM = —0.33, p = 0.002) indicates that one-third of disequilibria are corrected each year. Temperature and
labor effects persist in the short term, whereas precipitation remains statistically non-significant (p = 0.144),
likely reflecting the role of irrigation in buffering rainfall fluctuations.

These findings contribute to theoretical understandings of agricultural resilience by illustrating how climatic
pressures interact with institutional fragility. Specifically, the significance of cultivated area highlights how
political barriers and land tenure insecurity can constrain productive capacity an intersection often
underexamined in empirical modeling. The study reinforces the view that Hebron’s food system faces dual
pressures: rising environmental stress and entrenched geopolitical constraints.

RECOMMENDATIONS

Based on the empirical findings, several evidence-based recommendations are proposed to enhance climate
resilience and agricultural productivity in Hebron. The Palestinian Ministry of Agriculture, in collaboration
with the FAQO, should prioritize the adoption of CIMMYT-developed heat-tolerant wheat varieties by 2025,
given that temperature significantly reduced yields (8 = —0.41, p <0.01). To address the strong link between
cultivated area and yield outcomes (§ = +0.58, p < 0.001), the Hebron Governorate Municipal Council should
establish digital land registries and support farmer cooperatives to counteract land confiscations. Additionally,
the USAID Middle East Water Security Initiative should invest in precision irrigation and rainwater
harvesting systems, particularly in northwestern Hebron’s high-rainfall zones (>500mm), to mitigate
precipitation variability impacts. Agricultural research institutions, including ICARDA, are advised to pursue
high-resolution vulnerability mapping by integrating Sentinel-2 satellite data to reveal critical intra-seasonal
vulnerabilities masked by annual aggregation. Furthermore, Palestinian Agricultural Relief Committees
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should implement vocational training focused on heat-stress management and conservation tillage by 2024,
capitalizing on the significant positive influence of labor participation ( = +0.33, p = 0.002). Finally, climate-
security researchers should develop standardized metrics to directly measure land access constraints in crop
models, enhancing theoretical understanding of conflict-driven agricultural vulnerability.
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