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ABSTRACT
OF THE THESIS OF

Tia Hassan El Mokdad for Master’s of Arts
Major: Economics

Title: The Agaregate Productivity Consequences of Climate Change in the Middle East
and North Africa Region

This paper investigates the impact of climate change on the labor productivity of the
manufacturing sector in six countries in the Middle Eastand North Africa region (Egypt,
Jordan, Oman, Morocco, and Qatar). By analyzing the effect of temperature on labor
productivity, this paper sheds light on the consequences of climate change on sectoral
reallocation, welfare, and trade. The findings reveal that the deviation in temperature
leads to a decrease in labor productivity and a subsequent negative effecton production.
Furthermore, the research presents evidence of the adverse impact of climate change on
sectoral reallocation and proposes policies that can mitigate the costs associated with
climate change.
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CHAPTER |

INTRODUCTION

Climate change is an increasingly pressing global challenge that is affecting
various aspects of human life, including the global economy. Among its various
impacts, climate change is causing negative effects on labor productivity. Labor
productivity is a crucial measure of the output of goods and services produced per unit
of labor input, and it is essential for economic growth, employment, and living
standards. Recent research indicates that climate change has a negative impact on labor

productivity, particularly in manufacturing sectors.

The manufacturing sector is a critical component of the global economy, and it
is one of the most affected by climate change due to its high energy consumption and
emissions. Understanding the impact of climate change on the manufacturing sector's
productivity is vital for policymakers and stakeholders to design relevant climate
adaptation policies. The Middle Eastand North Africa (MENA) region, in particular, is
one of the regions most vulnerable to the impacts of climate change, with extreme
temperatures, water scarcity, and desertification, among others. Therefore, this study
aims to evaluate the impact of climate change on aggregate productivity in the
manufacturing sector in the MENA region. The MENA region's manufacturing sector is
a critical contributor to the region's economy, providing jobs and income for millions of
people. However, the sector is also one of the most energy-intensive and polluting
industries, accounting for a significant proportion of the region's greenhouse gas

emissions. The impact of climate change on the manufacturing sector in the MENA



region is, therefore, a crucial area of study, as it has implications for both the region's

economy and the global climate.

In this context, this study aims to provide insights into the impact of climate
change on the manufacturing sector in the MENA region by examining the relationship
between climate change and aggregate productivity. By using a panel data analysis
approach and considering other factors such as GDP per capita, this study aims to
contribute to the existing literature on the impact of climate change on the

manufacturing sector and provide policymakers with insights into the potential impacts

of climate change on the region's economy.



CHAPTER I

LITERATURE REVIEW

A preliminary literature review shows that past studies focused on the impact of
climate change on productivity. Cline (2007) argued that during the 21st century, climate
change will cause significant and heterogenous changes in agricultural productivity
across the world, such as the large declines in agricultural productivity of 30-60% in hot
regions such as Sub-Saharan Africa and South Asia, with neutral or positive effects in
cold regions including Canada and northern Europe. Thus, this pattern suggests large

potential gains from shifting the geography of agricultural production.

Costinot etal. (2016) argue that changes in temperature and rainfall patterns
could lead to significant shifts in comparative advantage, with some countries becoming
more competitive in certain agricultural markets and others becoming less competitive.
Furthermore, according to Tombe (2015), poor countries have much higher agricultural
employment shares despite lower relative value-added per worker in agriculture
compared to non-agriculture. The average person in the world's poorest quartile
consumes 91% of their food from domestic sources, compared to 45% in the richest
quartile. High agricultural production and labor shares result from the high consumption

shares required for people with low incomes to meet subsistence food requirements in

these relatively closed economies (Nath, 2020).

Furthermore, Somanathan et al. (2021) find that high temperatures have a
negative impact on productivity and labor supply in the manufacturing sector in India,

the study finds that a one-degree Celsius increase in temperature leads to a 0.7%



decrease in productivity and a 0.4% decrease in labor supply. The negative effects of
temperature on productivity and labor supply are more pronounced in industries that
require manual labor and have lower levels of automation. In the same vein, Liu etal.
(2021) argue that Climate change-induced increases in temperature and humidity are
likely to have significant negative impacts on labor productivity in China, particularly in

sectors such as agriculture, construction, and manufacturing.

Dasgupta et al. (2021) claim that climate change is likely to have significant
negative impacts on both labor productivity and labor supply in many regions of the
world, particularly in low- and middle-income countries. The authors used a multi-
model approach to estimate the impacts of climate change on labor productivity and
supply, based on empirical data from a wide range of sources. The models predicted that
heat stress and other climate-related factors are likely to reduce labor productivity and
supply in many sectors, including agriculture, construction, and manufacturing. The
authors found that the negative impacts of climate change on labor productivity and
supply are likely to be most severe in tropical regions, where temperatures are already

high and are expected to increase further.

Kjellstrom etal. (2009) argue that the economic costs of climate change on
labor productivity are likely to be significant, with estimates ranging from 1.2% to 12%
of global GDP by 2100, depending on the severity of climate change and the adaptation
measures implemented. Day et al. (2019) claim that climate change is expected to have
a significant impact on labor productivity negatively, particularly in hot and humid
regions of the world, which may affect a range of sectors including construction,

agriculture, and manufacturing. Also, Von Below and Persson (2008) claim that climate



change poses a significant threat to global economic growth, with the potential to cause
widespread damage to physical capital and infrastructure, disrupt global supply chains,

and reduce productivity and output.

However, the literature also showed that the effect of temperature on labor
productivity is not always negative, knowing that are several factors that affect
productivity, most importantly that firms quickly adapt to temperature change and take
the necessary steps that can affect labor productivity. For example, Linnenluecke et al.
(2013) indicate that firms and industries are adopting a wide range of adaptation
measures, including risk management, infrastructure development, and changes in
business practices and operations. The authors also found that the effectiveness of these
adaptation measures depends on a range of factors, such as the type and level of climate
risk, organizational capacity and culture, and stakeholder engagement. Furthermore, a
study was conducted with 25 interviews with firms in the Netherlands across different
industries to explore their perceptions and interpretations of physical climate impacts
and how these shape their adaptation behavior. The authors analyzed the data using a
grounded theory approach to identify key themes and patterns. The study's results
indicate that firms' interpretations of physical climate impacts vary depending on their
industry, location, and business model. Firms in highly vulnerable industries, such as
agriculture and water management, were more likely to have a clear understanding of
physical climate impacts and their potential implications for their business. In contrast,
firms in less vulnerable industries, such as finance and insurance, were less likely to
have a clear understanding of physical climate impacts and their potential implications.
The authors found that firms' interpretations of physical climate impacts shape their

adaptation behavior by influencing their risk perception, the degree of urgency to act,



and the types of adaptation strategies considered. Firms that perceived physical climate
impacts as a significant risk were more likely to implement proactive adaptation
strategies, such as investing in new technology or changing their business model. In
contrast, firms that perceived physical climate impacts as a minor risk were more likely
to implement reactive adaptation strategies, such as increasing insurance coverage or
relocating assets (Gasbarro & Pinkse, 2019). Another study done in the UK by Berkhout
et al. (2006) used a case study approach to investigate how seven UK organizations

from different sectors are adapting to climate change impacts. The authors analyzed the
data using a framework of organizational learning, which involves the process of
knowledge creation, dissemination, and implementation. The study's results indicate that
organizational adaptation to climate change impacts is a complex and dynamic process
that involves multiple levels of learning. The authors found that successful adaptation
requires the development of new knowledge, the creation of new networks and
partnerships, and the implementation of new practices and technologies. The authors
also identified several barriers to organizational adaptation, such asa lack of awareness
and understanding of climate change impacts, uncertainty and complexity, and limited
resources and capacity. The study found that the most successful adaptation strategies
were those that involved collaboration and partnership between different stakeholders,

such as industry associations, policymakers, and research institutions.

This paper presents a model that studies the relationship between temperature
and labor productivity in the manufacturing sector in six countries in the Middle East
and North African (MENA) countries region (Egypt, Jordan, Kuwait, Oman, Qatar, and
Morocco) between 1995 and 2016, and discusses the effects and cost of adaption to

climate change in these countries.



CHAPTER Il

METHODOLOGY

We use macro-level sectoral data of the manufacturing sectors in the MENA
region from INDSTAT?! - 2 databases from the United Nations Industrial Development
Organization website. For climate data, we use monthly average temperature time series
data from the Berkeley Earth Climate Data guide. And we use purchasing power parity

adjusted GDP per capita data from the Penn World Tables.

The following Ordinary Least Squares (OLS) model is utilized to examine the
impact of temperature on labor productivity in the manufacturing sectors. Estimating
the following equation allows us to evaluate the effects of 5; temperature (taking the

deviation from mean temperature), 8, GDP per capita, and 5 employment on labor

productivity (z—‘) Furthermore, labor productivity is defined by output () divided by

i

Labor units (L) at year i.

Y;
1n ()= o+ Bi(temp); + Bagdppe); + Balemp); + €

i

10



CHAPTER IV

RESULTS

A. Empirical Results

Table 1. Effects of Temperature on Labor Productivity

(1) ) ©)
Output/Worker Output/Worker Output/Worker
-0.152*** -0.0971*** -0.0991***
temp (-7.15) (-5.86) (-6.62)
gdppc 0.0000135*** 0.00000921***
(32.62) (21.12)
emp
-0.000000930*** (-
18.83)
N 1584 1584 1584

Marginal effects; t statistics in parentheses
(d) for discrete change of dummy variable from0to 1
*p<0.100, ** p<0.050, *** p<0.010

Table 1 presents the regression results indicating that temperature, GDP per
capita, and employment are all significant predictors of labor productivity in the
manufacturing sectors in the MENA region. Specifically, a one-degree deviation of
temperature from the mean is associated with a statistically significant decrease in labor
productivity of 0.152 units, with a highly significant t-statistic value of -7.15. On the
other hand, a oneunit increase in GDP per capita is associated with a statistically
significant increase in labor productivity of 0.0000135 units, with a highly significant t-
statistic value of 32.62. In addition, a one-unit increase in employment is associated
with a statistically significant decrease in labor productivity of 0.000000930 units, with

a highly significant t-statistic value of -18.83. These findings underscore the importance
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of considering temperature, GDP per capita, and employment as critical factors in

understanding labor productivity.

B. Validity Checks

There is a problem associated with the existence of a correlation between the
independent variables since it increases the variance of regression coefficients, resulting
in inaccurate statistical significance. Thus, it is essential to test whether there is a
collinearity problem. Accordingly, our testing method is based on the Variance Inflator
Factor (VIF), one of the most used diagnostic tests. According to Hair et al. (1995), the
VIF level should not exceed 10. That is because a VIF value above 10 indicates the
presence of multicollinearity. In Table 2, we can observe that all the VIF values are
below 10. Moreover, the value of our VIF mean is 1.254, implying that we do not have

any multicollinearity problem among our explanatory variables.
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CHAPTER V

DISCUSSION

The model in this paper alongside the literature indicates that there is a negative
relationship between temperature and labor productivity, whenever there is a deviation
of temperature from the mean temperature, this means that labor productivity will be
negatively impacted, consequently affecting the well-being of labor. For example, the
health effects of extreme temperatures have been widely documented, including in
Deschenes and Greenstone (2011). Several laboratory experiments, including
Seppanen, Fisk, and Lei (2006) find evidence of reduced worker cognitive functioning.
Graff Zivin and Neidell (2014) use time-use surveys to show that people work fewer
minutes per day in the presence of extreme temperatures. Mentioning that labor
productivity is affected by multiple variables other than the ones used in t used in this
model such as technological progress, recessions, and climate adaption policies (Nath,
2020). Nevertheless, this was a limitation in this paper, due to the lack of data in the

MENA region.

Furthermore, the effects of climate change fall far behind only affecting
aggregate productivity in the manufacturing sector. According to the existing literature,

it has a larger impact on agricultural sectors than non-agricultural ones.
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Figure 1. Projected Impact of Climate Change on Productivity (Nath, 2020)

(a) Manufacturing

% Point Change
= (15,25)

Consequently, it is likely to have significant impacts on global food production

due to its impact on the aggregate productivity in the agricultural sector, particularly in

developing countries that are more vulnerable to its effects such as the countries in the

MENA (Nath, 2020).

Thus, international trade canhelp these countries cope with these impacts by
providing access to food and other resources that may be scarce in their own domestic
markets. It canalso facilitate the transfer of technology and knowledge that can help

countries adapt to climate change. For example, countries that are experiencing more
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frequent and severe droughts may be able to import drought-resistant crops from other

countries that have already developed these technologies.

However, there are also potential risks associated with increased international
trade, particularly if it leads to greater environmental degradation or exacerbates
existing inequalities between developed and developing countries (Gouel & Laborde,

2018).

Moreover, a carbon tax is likely to be the most efficient way to reduce
greenhouse gas emissions which consequently reduces the cost of climate change. Such
policy can create an economic incentive for individuals and firms to reduce their
emissions, while also generating revenue that can be used to finance other climate-
related initiatives. However, there are political and practical challenges to implementing
such policies, particularly in countries with significant fossil fuel industries or a large

number of low-income households that may be disproportionately affected by higher

energy prices.
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CHAPTER VI

CONCLUSION

Climate change is one of the most significant challenges facing humanity, and it
has far-reaching effects on various aspects of life, including the global economy. The
effects of climate change are already being felt worldwide, and it is projected to worsen

in the coming years. This paper has explored the impact of climate change on aggregate

productivity.

The research findings indicate that climate change has a negative effecton labor
productivity, particularly in the manufacturing sector. The study revealed that deviation
from mean temperature leads to a decline in productivity in the studied countries.

Furthermore, the effect of climate change on labor productivity could lead to a decline

in the well-being and welfare of employees.

The impact of climate change on food security is also a significant concern.
Some countries will be better off than others, while others will be worse off, especially
developing countries. International trade can help address food insecurity by providing
access to food and other resources that may be scarce in their domestic markets. At the
same time, it canalso facilitate the transfer of technology and knowledge that can help

countries adapt to climate change.

The study also suggests that reducing trade barriers is a necessary condition to
curtail the costs of climate change. However, it is not sufficient to address the

challenges posed by climate change fully. Future research can focus on the effect of
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climate change on migration in the region and how it can affect sectoral allocation. The
findings of such research can help policymakers design appropriate policies and

interventions to mitigate the adverse effects of climate change.
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