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Abstract---Globally, the agricultural sector constitutes a significant 

part of economic activities and serves as the primary source of income 

and employment for rural populations. Representing approximately 
35% of GDP in some countries, agricultural performance is highly 

sensitive to climatic hazards, which can disrupt crop cycles, reduce 

incomes, and diminish purchasing power. These disruptions often 
lead to rural exodus, food insecurity, and shifts in cultural practices. 

Using a panel data approach and a fixed-effects (FE) model, this study 

evaluates agricultural potential in each country through two key 
indicators: the capacity to cultivate cereals and the degree of water 

scarcity within watersheds. The findings demonstrate that enhancing 

agricultural potential, particularly by addressing water scarcity, 
significantly improves agricultural productivity. For instance, an 

optimal alignment with cereal cultivation requirements can boost 

agricultural productivity by over 4%. Conversely, severe water scarcity 

can reduce productivity by up to 18.25%. Effective water resource 
management is therefore critical in mitigating the adverse effects of 

rising temperatures. Additionally, incorporating measures to address 

food crises is essential in strategies to combat the impacts of climate 
change, particularly in the most vulnerable countries. 
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Introduction  

 
The issue of climate change (CC) has become increasingly prominent in public 

debate since the latter half of the 20th century. This heightened attention stems 

from significant changes in climate patterns, their growing impact on ecosystems, 
human societies, and activities, and the recognition that human actions are a 

major driver of these changes. Observations reveal accelerated increases in global 

average temperatures, alterations in precipitation patterns, regional variations in 
rainfall, intensification of extreme weather events, rising sea levels, and a decline 

in snow and ice cover (Climate Action Network, n.d.). These findings, as 

highlighted in successive reports of the Intergovernmental Panel on Climate 
Change (IPCC), particularly their Fifth Assessment Report (2014a), attribute 95% 

confidence to human responsibility for these changes. 

 

Numerous studies document the adverse effects of climate change on agricultural 
efficiency across various countries (IPCC, 2007; Deressa et al., 2008; BNRCC, 

2008). These impacts are particularly pronounced in low-income nations, where 

agriculture relies heavily on climate conditions and coping capacities are limited 
(Spore, 2008; Apata et al., 2009). 

 

In recent years, farmers have struggled to predict the onset and duration of rainy 
seasons, complicating agricultural planning (Diop et al., 1996; Houndenou et al., 

1998; AFFO, 2007). This uncertainty has led to significant challenges in crop 

production. For example, Diouf et al. (2000) observed a tendency toward shorter 
crop growth periods, a trend that began in the late 1960s in parallel with 

increasing aridification. Thornton et al. (2006) further confirm that climate 

change significantly affects the duration of crop growth periods, making it a 

critical concern for agricultural productivity. 
 

Previous studies on the impact of climate change on agriculture forecast a decline 

in agricultural yields, particularly in tropical regions (Mendelsohn and Dinar, 
1999; Kurukulasuriya and Rosenthal, 2008). These studies highlight substantial 

negative effects on agricultural productivity, particularly for small-scale farmers 

whose livelihoods heavily depend on farming output. Furthermore, according to 
the World Bank (2003), global warming is likely to exacerbate poverty levels. 

 

The annual average surface temperature has been rising at a rate of 0.23°C per 
decade, a trend expected to persist well into the future (Brown and Caldeira, 

2017; Huang et al., 2017). Agricultural production, which is essential for global 

food security and the livelihoods of families in many developing regions, is highly 

dependent on climatic and meteorological conditions. This dependency renders 
agriculture one of the most vulnerable sectors to the effects of climate change. 

 

The academic community has conducted extensive research on the impacts of 
climate change, revealing that extreme weather events, such as floods and 

droughts, disproportionately affect agricultural production in developing and low-

income countries compared to developed and high-income nations (Su et al., 
2021; Fahad et al., 2022a). The risk of food shortages remains a pressing 

concern, as every 1°C increase in temperature is estimated to reduce global grain 
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production by approximately 10% (Yi et al., 2018; Fahad et al., 2022b; Hossain et 

al., 2022). 

 
As global climate variability becomes a topic of debate across all continents, it has 

also emerged as a priority area for scientific research, particularly through the 

efforts of the Intergovernmental Panel on Climate Change (IPCC). This study aims 
to address a critical question: What is the effect of temperature and rainfall 

variability on agricultural production worldwide? 

 
Brief review of literature 

 

The evaluation of climate change's impact on agricultural production has been 
the focus of extensive research. This body of work enables us to first present a 

theoretical framework and subsequently explore empirical studies examining the 

effects of climate change on agricultural productivity. 

 
Various approaches and methods have been employed to analyze how changes in 

climate parameters influence agricultural output. Prominent among these are the 

production function approach (Adams et al., 1995), market equilibrium models 
(Zhai et al., 2009), and the Ricardian approach (Mendelsohn et al., 1994). Each 

approach offers unique strengths while compensating for the limitations of others 

(Mendelsohn, 2007). For instance, studies by Rosenberg (1993) and Rosenzweig & 
Parry (1994) use simulation techniques to modify climate factors (e.g., 

temperature, CO₂ concentration) and examine their impact on crop productivity, 

extrapolating these findings to broader economic scales. However, such 
simulation methods, though applied successfully in fields like psychology and 

sports medicine (Hsiang, 2016), face challenges in explaining economic responses 

to climate change across diverse regions. 

 
Hsiang (2016) also notes that the effects of climate change assessed using long 

differences and panel data approaches yield comparable results, whether 

analyzing impacts on crop yields or economic growth. This consistency suggests 
that gradual climate changes produce effects similar to those seen in rapid 

climate shifts. 

 
Several empirical studies further highlight the significant consequences of climate 

change on crop yields. For example, Amadu et al. (2020) detail its impact on 

maize yields, while Asfaw et al. (2016) and Coulibaly et al. (2017) underscore the 
broader threat of climate shocks to agricultural productivity across Africa. Other 

research (FAO, 2017; IPCC, 2018; Müller et al., 2011) confirms that climate-

related changes jeopardize food security by exacerbating productivity losses on 

the continent. 
 

Studies by Guntukula and Goyari (2020) corroborate Sarker et al. (2019), 

revealing that variations in temperature and rainfall significantly affect crop 
production efficiency. Similarly, Sinnarong et al. (2019) and Pipitpukdee et al. 

(2020) demonstrate negative associations between weather variables and crop 

yields in Thailand, with projections showing adverse impacts on rice and cassava 
production. 
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Ozdemir (2022) explored short- and long-term impacts of climate change on 

agricultural productivity in Asia (1980–2016) using dynamic panel autoregressive 
distributed lag models. The study identified a long-run relationship between 

climate change variables and agricultural productivity, consistent with findings by 

Gul et al. (2022) and Baig et al. (2022), who observed long-term effects of climate 
change on agricultural outputs. 

 

Dongbei et al. (2022) examined the marginal effects of climate change on 
agricultural productivity using ordinary least squares and spatial Durbin model 

(SDM) approaches. Their findings highlight a significant negative impact of 

climate change, confirmed through robustness tests such as index replacement, 
quantile regression, and tail reduction. 

 

Finally, Jean-Luc et al. (2023) investigated the temporal effects of temperature 

and precipitation variability on agricultural output. Their results indicate that 
temperature variability has a long-term impact on agricultural production, while 

precipitation variability primarily affects output in the short run. 

 
Methodology 

 

When examining the issue of climate change and its potential effects, early 
studies relied on experimental and laboratory-based methods to isolate its impact. 

This approach was primarily justified by the need to understand how climatic 

conditions influence agriculture, the sector most directly affected by climate 
fluctuations. This section outlines the theoretical framework and empirical 

specification of the model used in our study. 

 

We adopt an agricultural perspective, a mechanism widely recognized in the 
literature due to the natural interplay between climate and agriculture, and its 

broader implications for income and economic performance. However, our 

approach differs from conventional studies. Rather than directly quantifying the 
effect of climate change on resources, we focus on measuring the interaction 

between Climate Change and a reference Agricultural Potential for countries. This 

allows us to assess countries' vulnerability to Climate Change through the lens of 
agricultural potential. 

 

To address our research question, it is crucial to define a methodological 
framework that accounts for the empirical challenges and the specific dynamics of 

the climate-agriculture relationship. The theoretical model underlying this study 

is structured as follows: 

 

A Pro = 𝑇𝑒𝑚𝑝e𝑟𝑎𝑡𝑢𝑟𝑒 + 𝐴 𝑃ot + (𝑇𝑒𝑚𝑝e𝑎𝑡𝑢𝑟𝑒 ∗ 𝐴 𝑃ot) + controls (1) 
 

To the left of equation (1), we observe our dependent variable APro, which 

represents agricultural productivity. On the other hand, we note our variables of 
interest which are temperature, APot (agricultural potential), as well as their 

interaction and the different controls added to our equation, which are: GDP / ha, 

inflation, the population growth rate, the trade index, as well as the level of 
education. 
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Temperature 
 

In the literature, climate is typically represented by two primary factors: 
temperature and precipitation. For this study, we have chosen to focus on 

temperature. This decision is motivated by the observation that most prior studies 

have primarily examined the effects of rainfall. By concentrating on temperature, 
we aim to contribute to the literature by exploring a less commonly analyzed 

aspect of climate's impact. 

 
Our sample includes a larger and more economically diverse panel of countries 

compared to previous studies. In this context, temperature emerges as a more 

comprehensive variable with tangible effects across diverse economies. Moreover, 
temperature projections in global climate models tend to be more consistent and 

reliable than those for precipitation, which often carry higher degrees of 

uncertainty and controversy (Burke et al., 2009). For these reasons, we 

emphasize temperature in our analysis, ensuring that our reasoning is as robust 
and free from ambiguity as possible. 

In our model, global warming—represented by rising temperatures—is 

conceptualized as a multiplier of productivity disturbances, interacting 
dynamically with other variables to influence agricultural outcomes. 

 

The climate data used in this study is sourced from the Climate Research Unit 
(CRU) at the University of East Anglia (UEA), an institution widely recognized as a 

global leader in the study of natural and anthropogenic climate change (UEA, 

2017). The CRU has developed a range of datasets that are extensively utilized in 
climate research, including global temperature records, statistical tools, and 

advanced climate models. 

 
Agricultural potential 
 

In our model, Agricultural Potential (AP) is treated as a reference potential specific 

to each country. This represents the intrinsic characteristics unique to each 
nation, which tend to remain relatively stable over time. A higher AP indicates a 

country's richness in resources, enhancing its agricultural capacity, whereas a 

lower AP imposes greater constraints on productivity. 
 

In this study, AP is represented by two variables: the Cereal Crop Adaptability 

Index (CCAI) and the Water Scarcity for major Watersheds (WSW). The CCAI 
reflects a country's agro-ecological potential and productivity, while the WSW 

measures the availability of hydrological resources. Together, these variables 

provide a comprehensive view of a country's agricultural and water resource 

potential. Both variables are sourced from the Global Agro-Ecological Zones 
(GAEZ) database, ensuring data reliability and consistency for our analysis. 

 

Interaction terms 
 

The core problem addressed in this work is evaluating the interaction between 

climate and Agricultural Potential (AP), specifically the interplay between 
temperature and either the Cereal Crop Adaptability Index (CCAI) or the Water 

Scarcity for major Watersheds (WSW). To capture this relationship, we 
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constructed an interaction term by multiplying temperature (expressed as annual 

averages, along with other variations to be detailed later) with land quality 
indicators, such as levels of cereal adaptability (good or poor) and water scarcity 

(moderate or very high) in the main watersheds. 
The focus of our analysis is the sign of this interaction term, which carries critical 
implications for understanding the dynamics at play. We hypothesize that an 

increase in temperature will exacerbate the negative effects on agricultural 

productivity when combined with poor AP, while these effects may be mitigated or 
diminished in the presence of favorable AP. 

 

Controls 
 

Economic growth in this study is represented by the logarithm of GDP per capita, 

expressed in constant 2010 US dollars. This measure accounts for differences in 

wealth between economies while also considering variations in population size. 
Although other indicators, such as purchasing power parity (PPP), might provide a 

more nuanced view of economic conditions within countries, GDP per capita 

remains the most widely available and comprehensive metric. Furthermore, it 
enjoys broad support in the literature as a reliable measure of economic 

performance. 

 
Sample 

 

This section is dedicated to the presentation of an unbalanced panel sample from 
139 countries spanning the period 1960-2014 which was used in our study. A 

breakdown by region shows: 24.35% for Europe, 8.63% for the Middle East, 

19.49% for Asia, 25.11% for Africa and 22.43% for Americas. 

 
Econometric model 

 

The chosen model is defined as follows: 
 

 A Pro 𝑖,𝑡 = 𝛽0 + 𝛽1𝑇𝑒𝑚𝑝e𝑟𝑎𝑡𝑢𝑟𝑒𝑖,𝑡 + 𝛽2(𝑇𝑒𝑚𝑝e𝑟𝑎𝑡𝑢𝑟𝑒𝑖,𝑡 ∗ 𝐴𝑃ot 𝑖) + 𝛿′𝑋𝑖,𝑡 + 𝛼𝑖 + 𝛾𝑡 + 

𝜀𝑖,𝑡    (2) 

 

In this model, the dependent variable represents agricultural productivity. 𝛽1 is 

the coefficient relating to temperature and 𝛽2 that related to the interaction of the 

latter with APot (the latter is omitted from the Fixed Effects (FE) model, since it is 

invariable over time). The 𝑋𝑖,𝑡, illustrate our control variables (GDP / ha, inflation, 

population growth, trade and level of education). Finally, the 𝛼𝑖 and 𝛾𝑡 represent 

respectively the FE countries and years and 𝜀𝑖,𝑡, 𝑡 the error term. 

 
As previously mentioned, this study aims to establish a causal link between the 

interaction of climate change (CC) and natural resources (NR) on agricultural 

productivity. Like any econometric analysis, it faces the unavoidable issue of 

endogeneity. To address this challenge, careful consideration was given to the 
selection of variables, the choice of the model, and the methodology employed, all 

of which are explained in subsequent sections. 
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One key source of endogeneity is simultaneity, also known as reverse causality. 

We believe this issue was mitigated through the selection of our variables of 

interest. Specifically, temperature, AP, and their interaction terms are exogenous 
by nature. Temperature is inherently exogenous, while AP is largely invariant over 

time as it represents an intrinsic characteristic of each country. Thus, 

agricultural productivity cannot influence these variables. Another potential 
source of endogeneity is measurement error. To minimize this bias, all variables 

were sourced from reputable and reliable databases. 

 
Additionally, the inclusion of control variables helps to partially address biases 

caused by omitted variables. However, some degree of omitted variable bias is 

inevitable, given data limitations and the challenge of capturing all relevant 
factors. This issue is addressed further in our methodological approach, 

particularly in the selection of the econometric model, which aims to account for 

unobserved heterogeneity. 

 
Results and Discussion   

 

Main Results 
 

Our study focuses on the interaction between temperature and Agricultural 

Potential (AP), specifically represented by the Cereal Crop Adaptability Index 
(CCAI) and the Water Scarcity for Watersheds (WSW). The initial results 

highlight the interaction between temperature and a CCAI greater than 40. 

 
The findings indicate that, as expected, temperature has a positive effect on 

agricultural productivity. However, to assess the total effect of temperature, we 

must first consider the interaction variable. The impact of temperature on 

productivity is contingent on the level of AP. The negative sign associated with the 
interaction term suggests that as the CCAI increases (indicating better soil 

quality), the effect of temperature on productivity becomes less pronounced. In 

other words, when a country has a larger proportion of land with favorable AP, 
the positive effect of temperature on productivity is dampened. This indicates a 

substitution relationship between the two variables. It is important to note, 

however, that these results are not statistically significant, which will be 
discussed further later. 

 

From these results, we can infer that the ability to grow cereals acts as a buffer 
against rising temperatures. A contrasting phenomenon occurs when temperature 

interacts with a CCAI less than 40 (indicating poor soil quality). Here, the signs of 

both temperature and the interaction term are reversed, suggesting that countries 

with poor-quality land experience an exacerbated effect of temperature on 
agricultural productivity. This indicates a complementary relationship between 

the two variables. The positive effect of temperature on productivity in this case 

arises exclusively through its interaction with poor CCAI. These findings largely 
support our initial hypotheses. 

 

As described in the methodology, the inclusion of two representative variables for 
AP helps validate the robustness of our assumptions. The subsequent estimation 

illustrates the interaction between temperature and WSW at moderate levels. 



         2392 

The results follow a similar pattern to those above: while temperature shows a 

positive effect, the interaction term exhibits a negative sign. Again, the opposite 
effect is observed in countries with high water scarcity, where water scarcity 

amplifies the positive impact of temperature on productivity. Notably, the results 

for the interaction of temperature with WSW are statistically significant at the 5% 
level across all regressions. 

 

We also note that, as part of our methodological approach, we included the robust 
command to correct for heteroscedasticity. The results of the interaction between 

temperature and WSW are more robust than those involving CCAI, particularly 

when control variables are included. However, regressions without control 
variables still produce significant results at the 5% level, even after correcting for 

heteroscedasticity. This contrast is particularly interesting since some studies in 

the literature use Fixed Effects (FE) models without including controls, while 

others incorporate controls but omit FE and time trends. 
 

It is important to highlight that our sample size (N = 9,344) includes data from 

172 countries over a long period (1946–2014). This is contrasted with our basic 
regressions, which have a smaller N due to the inclusion of control variables, 

which are not consistently available for the entire period and across all countries. 

The inclusion of control variables necessitates the exclusion of some countries 
from the sample. For example, the inclusion of the education variable alone 

eliminates 31 countries and results in the loss of 1,531 observations (results not 

shown). Other countries experience a reduction in the number of observations. 
Control variables are generally available from 1960 onward, but for many 

countries, the data start much later. 

 

Maintaining a consistent sample across all regressions is essential, but it also 
means dealing with missing data at various points in the panel, which 

complicates the analysis. Despite this, we believe that the 5,413 observations in 

our final dataset are a robust sample for panel data analysis, and the inclusion of 
139 countries ensures good representation. 

 

As explained previously, our analysis focuses primarily on the study and 
measurement of the effect of temperature on productivity. As this is an 

interaction, the calculation is governed in this case by the following formulation: 

  

Temperature Effect= 𝛽1 + (𝛽2 ∗ 𝐴𝑃) (3) 

 
The table below therefore illustrates the effect of temperature by considering the 

extreme values that the AP index can take (always its 4 variants), namely 0 or 1. 

 
Table 1: Effect of temperature as a function of its interaction with AP 

 

                     Extreme values of AP 

Variants of AP 

AP=0 AP=1 

CCAI greater than 40 2,43% -4,17 % 

CCAI less than 40 -3,13 % 2,66 % 

moderate WSW  15,8 % 0,12 % 

Very high WSW  0,39 % 18,25 % 
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In the case where the CCAI greater than 40 is equal to 0, meaning a country has 

no land classified as favorable for cereal production, an increase of 1°C in average 

temperatures leads to a 2.43% increase in the probability of productivity 
improvement. However, when the CCAI is equal to 1, implying that all of a 

country's land is classified as suitable for cereals, this same temperature increase 

results in a reduced effect, with the probability of productivity improvement 
dropping to -4.17%. 

 

Conversely, when the CCAI is less than 40, and the country has no land 
categorized as unsuitable for cereals, a 1°C rise in temperature causes a 3.13% 

decline in the probability of productivity improvement. On the other hand, if all 

land is classified as unsuitable for cereals (i.e., CCAI less than 40 equals 1), the 
probability of improvement increases by 2.66%. 

 

A similar pattern is observed with WSW. When no land in a country is classified 

as having moderate water scarcity (WSW = 0), a 1°C temperature increase 
corresponds to a 15.8% increase in the likelihood of productivity improvement. 

However, when all of the land is classified as having moderate water scarcity 

(WSW = 1), this probability almost cancels out. 
 

For countries without a very high level of water scarcity, a 1°C rise in temperature 

results in a 0.39% increase in the probability of productivity improvement. In 
contrast, when all land is classified as having very high water scarcity (WSW = 1), 

this probability rises significantly, to 18.25%. 

These findings reinforce the earlier observation that the effect of warming 
temperatures on agricultural productivity can either be amplified or inhibited 

depending on the interaction with AP (whether restrictive or favorable). 

 

As for the control variables, GDP per capita, represented by the logarithm of GDP, 
consistently shows a positive effect in all regressions. This is in line with the 

expectation that wealthier nations are more likely to experience productivity 

improvements due to better resources and technology. 
 

Regarding inflation, no significant effect is observed. While inflation can influence 

economic growth, its relationship with productivity is complex. Inflation can 
either spur growth by stimulating spending or hinder it by reducing investments, 

thus slowing economic development. For example, Paul, Kearney, and Chowdhury 

(1997) found no causal relationship between inflation and economic growth in 
40% of countries in their study. In about 12% of cases, there was a two-way 

relationship, while a one-way causality was found in the rest. Thus, inflation, 

when analyzed in isolation, does not offer clear insights into productivity 

improvement. 
 

The population growth variable is found to have a positive and significant effect at 

the 5% level. Specifically, a one-percentage point increase in population growth is 
associated with a 1.81% increase in the probability of productivity improvement. 

This result reflects the idea that a growing population can contribute to greater 

labor supply and economic output. 
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In terms of trade, increased trade and a better business environment lead to an 

improved likelihood of productivity growth, significant at the 10% threshold. The 
rise in international trade fosters interdependence among countries, which 

strengthens national economies and boosts agricultural productivity. 

Lastly, education is positively associated with productivity improvements. An 
additional year of schooling for individuals over 15 years old is linked to a more 

than 2% increase in productivity. This aligns with expectations, as higher 

education levels often result in a more skilled and efficient workforce. Educated 
populations are more likely to enter the labor market, earn higher incomes, and 

contribute to the economy. Furthermore, education can support agricultural 

research, particularly in adapting to climate change, further enhancing 
productivity. 

 

Mechanisms 

 
As discussed earlier, two main scenarios emerge regarding the rise in 

temperature, depending on the Agricultural Potential (AP) available to a given 

country. In summary, if the AP is low, the interaction with rising temperatures 
has a significant impact on productivity. This is particularly evident when the 

land available to the country is considered unsuitable for cereal cultivation or 

when its main watersheds face very high water scarcity. Upon closer examination 
of these interactions, it becomes apparent that the effect is more pronounced in 

the case of water scarcity than with the CCAI. In this final section, we will explore 

these results further, attempting to describe the underlying mechanisms driving 
these interactions. 

 

It is important to recall a historical perspective that links development 

inequalities between countries, in part, to their AP. This idea suggests that a 
differentiation between countries has already occurred based on their AP. 

Countries with more abundant resources have typically developed more, built 

stronger institutions, and created more sustainable economies. As we mentioned 
in the introduction, there has been a long-standing recognition of the connection 

between climate and economic performance. Some scholars argue that part of the 

economic inequality observed at the international level can be attributed to 
climato-geographical factors, such as proximity to the coast, temperature, and, 

importantly, agriculture. For instance, some researchers have highlighted the role 

of agricultural surpluses in the development of institutions or the link between 
agriculture and Europe’s industrial revolution (De Vries, 1994). 

 

Another mechanism at play is the natural relationship between AP and food 

security. Poor harvests, in addition to causing direct harm such as death and 
disease, can lead to higher food prices, affecting the broader economy. The 2007-

2008 food crisis serves as a pertinent example. According to the FAO, this crisis 

affected 37 countries and approximately 800 million people, resulting in price 
spikes and food riots, such as those in Egypt (Ayeb, 2008). Furthermore, poor 

harvests can have institutional repercussions. State spending, typically allocated 

for development (e.g., food subsidies, health, infrastructure), may be redirected to 
address the consequences of poor harvests, slowing overall economic 

development. 
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It is also crucial to note that the manifestations of climate change extend beyond 

warming alone. Warming is accompanied by disturbances such as changes in 

rainfall patterns or an increase in the frequency of natural disasters, which 
directly affect agricultural production and infrastructure, further weakening 

governments' ability to foster productivity improvements. One key point in our 

results is the greater significance of the temperature effect in relation to AP, 
especially when considering water scarcity (WSW) compared to cereal crop 

adaptability (CCAI). Let us delve into this observation further. 

 
Water, in general, appears to be a more decisive factor than other elements in 

agriculture. For instance, Kang, Khan, and Ma (2009) found that crop yields are 

more sensitive to changes in precipitation than to temperature. More broadly, 
water resources have a more direct relationship with socioeconomic realities, 

whereas suitability for cereal cultivation is an estimate tied to agriculture and 

food security. Water's importance extends beyond agriculture. A UN report on 

water resources titled “Water and Jobs” (World Water Assessment Program 
[WWAP], 2016) notes that nearly 78% of jobs worldwide depend, either directly or 

indirectly, on water resources. Often overlooked, water is critical to several sectors 

beyond agriculture, including mining, resource extraction, power generation, 
manufacturing, and industries such as food, pharmaceuticals, and textiles 

(WWAP, 2016). Therefore, the availability of water resources affects not only 

agriculture but the broader economy as well. 
 

Conclusion  

 
The objective of this study was to examine the effect of temperature on 

agricultural productivity, conceptualized through the notion of Agricultural 

Potential (AP). This study explored the interaction between temperature and AP, 

using a panel data method. An FE model was employed, where AP was considered 
a fixed characteristic of each country, based on two distinct variables: CCAI 

(reflecting suitability for cereal cultivation) and WSW (indicating the level of water 

scarcity in the main watersheds). 
 

The estimation results support the hypothesis. In the sample of countries 

analyzed, it was found that a 1°C increase in temperature leads to a -4.17% effect 
on agricultural productivity in countries where all land is classified as suitable for 

cereal cultivation (CCAI > 40). Conversely, in countries with no land in this 

category, the effect of the same temperature increase is estimated at 2.43%. This 
effect exhibits a mirror image: for countries with unsuitable land (CCAI < 40), the 

impact of a 1°C rise in temperature is estimated at 2.66%, whereas it decreases to 

-3.13% if the country has no such land. 

 
For WSW, the results were even more robust. The effect of a 1°C increase in 

temperature is estimated at 0.12% in countries where the land is moderately 

affected by water scarcity, whereas it rises to 15.8% in countries where this is not 
the case. For countries facing very high water scarcity, the effect of the 

temperature rise is estimated at 18.25%, compared to 0.39% in countries without 

this level of water scarcity. 
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In summary, these results suggest that good AP acts as a protective barrier 

against rising temperatures, whereas poor AP exacerbates the negative impacts of 
warming on agricultural productivity. Several mechanisms explain how the 

interaction between warming and AP influences agricultural productivity. The 

primary channel is economic, particularly for countries where GDP is heavily 
dependent on agriculture. Poor harvests and food crises can weaken the state, 

leading to reduced investments and deteriorating relations with citizens, 

ultimately lowering the probability of improving agricultural productivity. 
 

This research contributes to the literature by emphasizing the importance of 

incorporating AP in estimating the impacts of global warming. The findings aim to 
guide political decision-makers in formulating more targeted adaptation and 

mitigation strategies. By better directing aid to the countries most vulnerable to 

climate change, these strategies can enhance resilience. 

 
Agriculture must be central to climate change adaptation measures. This involves 

promoting better management practices and rethinking the spatial dimension of 

agricultural activity in the context of rising temperatures and resource scarcity. In 
essence, solutions should be adapted to each region or country, taking into 

account specific agro-climatic conditions. Given the critical role of water 

resources in the results, it is essential to not only direct water management, 
irrigation, and consumption policies towards more sustainable practices but also 

ensure broader access to water to support economic development. 
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