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Executive Summary

BACKGROUND

The Middle East, North Africa, Afghanistan, and Pakistan (MENAAP)
region is highly exposed to climate risks. Countries across the region
are already among the most water-scarce in the world and increasingly
vulnerable to heat extremes, droughts, floods, and sea level rise. These
interlinked hazards are undermining agriculture,threatening food and
water security, and imposing mounting economic and social costs
across the region. Rising temperatures are already reducing labor
productivity, straining health systems, intensifying desertification, and
contributing to water scarcity, crop losses, and higher energy demand
for cooling across the region, while water scarcity, droughts, flooding,
and sea level rise are deepening fragility, poverty, and displacement
risks in the region.

This high and rising exposure creates an urgent need to respond.
Climate risks are already materializing and affecting economic activity,
firm performance, trade, and livelihoods. Delaying action would further
magnify losses.

Responding to climate risk can generate benefits that go well beyond
reducing related losses. Policies that strengthen access to finance,
improve the business environment, upgrade infrastructure, and promote
resource efficiency can raise productivity, enhance competitiveness,
support job creation, improve health outcomes, and increase resilience
to other shocks. In this sense, climate-responsive reforms can deliver

a double dividend by addressing both climate vulnerabilities and long-
standing structural constraints in MENAAP economies.

Xix
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IMPACTS OF RISING HEAT ON FIRMS AND TRADE

Against this backdrop, this report focuses on two concrete and
immediate examples of how the evolution of climate and related policies
affect firms and trade in the region and how timely responses can
generate economic opportunities if key policy changes are implemented:
first, higher temperatures affect firm performance through reduced
labor productivity and increased costs. Second, new climate mitigation
policies in the European Union (EU), a key trading partner, will also
raise costs for firms exporting to that market.

These two developments present both challenges in terms of lowering
the competitiveness of firms that do not adapt and opportunities for
economic expansion for those that do. Given that temperatures will
likely rise further and that European climate mitigation policies will
shortly be fully implemented, swift policy action is needed to adapt.

Impacts on Firm Performance

"The analysis of firm-level data from seven countries in the region over
2019-24 reveals that the impact of extreme heat on businesses’
performance is significant. Nearly 32 percent of firms in these countries
have been facing over 100 days of extreme heat annually—days
averaging above 35 degrees Celsius—resulting in lower productivity and
higher operational costs. More frequent periods of extreme heat are
associated with a 6 percent decrease in sales, a 4 percent reduction in
labor productivity, and an 8 percent decline in wages. Smaller firms and
those outside global value chains were more affected.

The negative impacts of extreme heat are more pronounced for

firms operating in challenging business environments and those with
limited access to finance. Firms facing the highest regulatory burden
saw sales decline by 17 percent as extreme heat days increased—more
than three times the drop experienced by firms with a moderate
burden. Similarly, firms with the most severe financing constraints
faced a 21 percent drop in sales, compared with just 7 percent for
those with moderate constraints.

Despite the negative impact of rising temperatures, the data reveal
that few firms are taking measures to adapt. In the Arab Republic
of Egypt, for example, only 9 percent of firms invested in cooling
technologies, indicating a lack of awareness, incentives, or resources
for climate adaptation. Limited access to finance helps explain
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underinvestment in cooling, with each unit of improvement in

a composite access to finance index increasing the likelihood of
investment in cooling by 5 percent. Despite energy subsidies, high
up-front costs and complex regulatory processes continue to deter
firms from implementing adaptation measures.

Adaptation in the region is further complicated by widespread energy
inefficiencies. MENAAP countries consume significantly more energy
per unit of output than their southern European peers. The analysis
shows that, with rising heat, firms increase their energy demand and
face higher water supply insufficiency—inefficiencies that can further
increase their operating costs. These findings suggest that efforts to
improve the business environment, expand access to finance, and invest
in infrastructure could be more impactful on firm performance when
targeted to firms facing extreme heat shocks.

Impacts on Export Markets

Regarding external markets, MENAAP exporters will need to adapt
not only to the rising temperatures but also to changing market
access into Europe owing to new climate policies. The EU and UK
(United Kingdom) are implementing climate policies to promote a
green transition. Key among them are the EU Carbon Border
Adjustment Mechanism (CBAM), which entered fully into force in
January 2026, and the UK CBAM beginning in January 2027.

The EU and UK CBAM:s will impose fees on MENAAP exports of
affected sectors based on their emission intensity, which will affect
their competitiveness in the European market. The overall impact on
MENAAP economies will be limited because the affected exports have
a small weight in their economies. Modeling results project that the
impacts of the EU CBAM on the gross domestic product (GDP) of
MENAAP countries are negative in most countries, albeit negligible,
with the MENAAP region projected to experience a net GDP loss

of US$1.4 billion, representing only a 0.1 percent decline relative to
the baseline. Only Jordan and Morocco are projected to see net GDP
gains—of US$20 million (a 0.05 percent increase) and US$21 million
(a 0.02 percent increase), respectively.

However, the impact on some sectors could be large because some
countries are significantly exposed. For instance, Algeria and Egypt are
expected to face high EU CBAM fees in their iron and steel sectors
owing to their relatively high carbon intensity compared with the EU
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and other countries. As a result, their primary iron and steel exports to
the EU are projected to fall respectively by 68 percent (US$4 million)
and 78 percent (US$14 million), although this represents a relatively
small share of their total exports.

Conversely, other countries could potentially gain competitiveness

and increase their exports. These include the United Arab Emirates
(US$1.2 billion, a 12 percent increase) in primary aluminum, and

both Egypt (US$844 million, a 123 percent increase) and Morocco
(US$2.2 billion, a 405 percent increase) in fertilizer, assuming they can
certify the carbon intensities of their firms.

Impacts on FDI

Foreign direct investment (FDI) inflows into MENAAP have been
adjusting in antcipation of CBAM implementation. FDI is an important
driver of investment and technological upgrading; however, the CBAM-
affected sectors in MENAAP—such as aluminum, cement, fertilizer, and
iron and steel—receive relatively little FDI overall. With few exceptions,
even countries with lower emission intensities in these sectors rely
minimally on FDI. Since the announcement of CBAM, EU FDI into
MENAAP’s aluminum and steel sectors has declined, whereas Chinese
FDI has risen. As a result, the realization of these sectors’ potential in
the short term will depend primarily on domestic investment.

The EU and UK CBAM regulations pose both risks and opportunities.
They will raise compliance costs for MENAAP exporters, possibly
reducing profits and market share in Europe, especially for small and
medium enterprises with limited capacity to meet requirements. Some
firms may need to shift exports to less desirable markets, and FDI could
move to more CBAM-compliant regions. Conversely, these regulations
could provide market opportunities and attract increased FDI for
MENAAP firms with low emissions and firms integrated into EU value
chains that comply with environmental and human rights standards.

KEY RESPONSES FOR FIRMS AND GOVERNMENTS

How can firms and governments react to this changing external
environment? Improving access to finance (A2F) and the business
environment, especially for smaller firms, will be critical. By tailoring
A2F initatives and business environment reforms to firms’ vulnerability,
governments will help boost productivity while reducing heat-related
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performance losses. Finally, supporting firms’ “green competitiveness” by
fostering decarbonization will be critical to ensure future market access.

Supporting Firms

Adapting to increased temperatures and being able to lower
carbon emissions will require firms to adopt greener technologies.
Technology adoption is a complex process that relies on many factors,
such as the expected returns of a new technology, the readiness of

the firm (in terms of human resources and managerial capacities),
competition and the regulatory landscape, information on available
technologies, and the availability of financing.

Financing is critical. A2F for “green” purposes will require developing
new financial products (such as green loans, green bonds, sustainability-
linked bonds, transition bonds, and insurance products); implementing
specific new tools such as green taxonomies; improving domestic
savings mobilization; and fostering deeper financial intermediation.

Improvements in the business environment will also be needed
to ensure the proper working of market mechanisms to foster
adaptation and decarbonization. Interventions in this area will
require defining and implementing appropriate regulations such as
green standards and conformity assessments; simplifying licensing for
heat-resistant buildings or heat adaptation investments, reporting, and
disclosure requirements; and imposing environmental taxes and fees.

These actions can eventually be framed as part of industrial policy
packages. Supporting eco-industrial parks is another promising

policy approach, as these parks can boost resource efficiency, reduce
emissions, and foster heat adaptation mechanisms, all while enhancing
competitiveness.

Finally, supporting competition and ensuring a level playing field
between public and private firms will be critical in MENAAP. State-
owned enterprises (which often operate high-emitting sectors) and
banks, through their dominant positions in the region, may sometimes
slow adaptation and decarbonization by limiting market mechanisms or
being slow to react.

Supporting Green Competitiveness

Adherence to emerging climate-related trade regulations is essential for
sustaining competitiveness within the European market. MENAAP
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countries have limited time to prepare and cope with these new trade
regulations. Swift government action will be needed in four areas.

Reduce nontariff measures (NTMs) and strengthen quality
infrastructures. Reducing tariffs and N'TMs on imports of green
capital goods, intermediate inputs, and services, as well as strengthening
national quality infrastructures relating to environmental and social
standards, are crucial. Lowering tariffs and N'TMs will encourage

the importation of green goods and facilitate the adoption of green
technologies.

Advancing quality backbone infrastructure—including metrology,
certification, and accreditation—and raising green and social standards
will enable firms to prove compliance with European requirements.
Strengthening carbon certification will enable firms to trace and certify
their carbon content, ensuring that CBAM payments are based on
their actual carbon emissions rather than on higher default values.
Upgrading quality infrastructure will lower the cost of compliance for
individual firms.

As domestic regulators raise environmental and social standards
applied to domestic products and processes, meeting the export market
requirements will become less costly because the regulatory distance
will be smaller. Over time, higher domestic standards will lower the
cost of compliance with Corporate Sustainability Due Diligence
Directive requirements for firms connected to EU value chains.

Improve incentives to attract green FDI. Sectors can be supported
to adopt higher standards and lower-emission technologies

through technology-neutral incentives and more targeted ones for
technologically mature items (such as high-efficiency air conditioning
appliances, high-efficiency water treatment, solar panels, and batteries);
transparency measures; and access to green finance. Instead of
subsidizing specific technologies, governments can link incentives

to measurable energy savings or verified emissions reductions.
Mandating transparency on energy use through energy audits and
disclosure requirements nudges firms to identify and act on cost-saving
opportunities without dictating specific actions.

Governments can also ensure access to low-cost financing for efficiency
investments (for example, through risk sharing with commercial banks)
so capital constraints do not bias firms toward short-term, inefficient

choices. Revenue recycling into technology-neutral support (such as tax



Executive Summary XXV

credits, accelerated depreciation, or concessional finance for efficiency
investiments) can also be pursued to avoid picking winners.

Help firms and workers to adjust. The restructuring of affected
sectors will require assistance to firms and workers to speed up

the adjustment process and reduce negative impacts. This includes
assisting sectors in aligning with the environmental and social
standards of trading partners and helping workers who lose their jobs
to transition to new jobs.

Pursue fossil fuel subsidy reforms and gradually introduce a
carbon tax to lower CBAM fees. This would enable governments to
retain part of the carbon revenue that would be otherwise transferred
to the EU or UK. The resulting funds could be sizeable. For example,
in the case of Egypt and the EU CBAM, simulation results show that
if the country were to phase out fossil fuel subsidies in addition to
implementing a carbon tax, revenues could increase by 4-5 percent of
GDP. This could boost public revenues and yield significant societal
benefits, including job creation, improved health outcomes, and greater
equity, subject to social protection policies being implemented to
protect vulnerable firms and populations.

Opportunities for the MENAAP Region

Economic opportunities will arise from the necessary move to more
sustainable economies, provided key policy changes are implemented.
Adaptation needs will drive demand for sustainable cooling and battery
production, which are already attracting foreign investment. New
European trade policies may also create trade prospects for countries
able to export products with lower carbon intensity than the EU or UK
average. Rising renewable energy needs will, in turn, create
opportunities for investment in renewables, particularly in solar and
wind generation. Indeed, renewables provide a strong competitive
advantage for the region. Finally, greater resource efficiency, through
reduced grid inefficiencies, energy-efficient buildings, and improved
production processes, can boost competitiveness in external markets.

The shocks analyzed in this report will have strong implications

for the MENAAP region and its enterprises. They may have some
negative impacts on firms and affect select sectors, but they can also
offer strong opportunities. These shocks call for immediate and
resolute interventions to reduce these negative impacts and enjoy the
opportunities for the benefit of the populations in the region.
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CHAPTER 1

The Impact of Temperature
Changes on MENAAP’s Firms and
Adaptation Policies

INTRODUCTION

Average temperatures and the number of “extreme heat” days—with
maximum temperature above 35 degrees Celsius—are increasing
rapidly across the Middle East, North Africa, Afghanistan, and Pakistan
(MENAAP). Between 1990 and 2023, the region’s average temperature
rose by 1.35 degrees Celsius, and the number of extreme heat days
increased by 11.5 per year.! These trends are predicted to decrease
output and jobs not only in agriculture but also in manufacturing and
services. With the years 2023-25 recorded as the three warmest years
to date (WMO 2026), the frequency and intensity of extreme
temperature events are expected to rise (Seneviratne et al. 2021),
adding further risk to private sector operations in MENAAP. Key
channels through which extreme heat may affect economic activity
include lower productivity, higher production costs, and disruptions of
infrastructure services and supply chains.?

Despite the likely adverse effects of rising heat and droughts, many
firms in the region still neglect to invest in adaptation measures
(Heger et al. 2022; Islam et al. 2022, 2023; World Bank 2022c¢).
Adaptation initiatives seem to receive a lower priority compared to
other investment needs.
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Market and policy failures largely explain such underinvestment.

The uncertainty about the economic costs of rising temperatures
(including measurements of gradual impacts on firms’ workers,
operational costs, and suppliers) is an important explanatory factor.
Moreover, many firms may also lack the capacity to adapt because of
narrow profit margins, short-term planning horizons, or (perceived)
low probability of climate effects and related events (Downey et al.
2023). Business environment policy constraints such as limited access to
finance, high costs of doing business, and inadequate infrastructure
further raise the costs for firms to invest in adaptation, exacerbating the
effects of the market failures (Crick et al. 2018; Grover and Kahn 2024).
Understanding the magnitudes and main channels through which rising
heat affects the performance of different categories of firms in
MENAAP countries, along with the main market and policy failures
preventing firms from sufficiently adapting, is key for designing
effective policies.

In this context, this chapter attempts to quantify the impact of rising
temperatures on firms, assess the adaptation strategies they have
pursued, and identify climate adaptation policy options. This
quantification is performed by first combining granular climate and
firm-level data and then by analyzing earnings call transcripts data.
The chapter begins by briefly examining the key recent economic
trends shaping the private sector, which provides context for
understanding how temperature evolution intersects with broader
market forces. It then delves into how heat is directly affecting
firms, with a focus on the vulnerabilities stemming from physical
hazards and firm-specific exposures. Additionally, the chapter
assesses firms’ resilience through their adoption of climate-adaptive
technologies, evaluating both the extent of these investments and
their effectiveness. Finally, it explores the role of policies and
regulations in supporting adaptation to heat-related risks, with
particular attention to how the regulatory environment and
financial access can play a role.

Although both droughts and rising temperatures pose significant risks
in MENAAP, this chapter focuses on the effects of extreme heat on
firms. The World Bank’s Country Climate and Development Reports
(CCDRs) across the region consistently highlight rising temperatures
as an important threat, with wide-ranging impacts on health,
productivity, and economic activity. Extreme heat can intensify drought
conditions and affect a broader set of firms, including those in both
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humid and arid areas. In addition, recent research has already examined
how droughts affect firms (Gatd et al. 2024; Gatd, Onder et al. 2025),
allowing this report to complement those findings by focusing on
heat-specific risks.?

A SLUGGISH PRIVATE SECTOR

As of early 2026, MENAAP is facing multiple conflicts having a
dramatic human and economic impact, with repercussions around the
globe. Regional growth (excluding the Islamic Republic of Iran) is
projected to decelerate from 4.0 percent in 2025 to 1.8 percent in
2026 (Gatti, Ozden et al. 2026). This reflects a sharp slowdown in the
Gulf Cooperation Council (GCC) economies, where growth is
expected to decline to 1.3 percent in 2026 (Gatti, Ozden et al. 2026).
For GCC and Iraq’s economies, a key concern is the disruption to
their production, processing, and export of oil and natural gas.
Beyond this, the region has struggled with persistently low growth
since the 2000s, underperforming global peers. A key explanatory
factor is a weak private sector, which remains stagnant and unable to
drive sustainable economic expansion (Gatti, Onder et al. 2025).

The region’s private sector productivity has been declining and remains
below global benchmarks. Firm-level data from nine countries in the
region over 2013-23 show that sales per worker shrank by 8 percent,
which is partially explained by weak investments in capital goods and
human resources: only 22 percent of firms invested in physical capital
and 15 percent offered formal training (Gatti, Onder et al. 2025).
Consequently, MENAAP economies underperform their income peers
in product and process innovation, with lower spending on research
and development (Gatti, Onder et al. 2025). Low productivity is
compounded by weak competition due to the dominance of state-
owned enterprises, distortionary regulations, and uneven taxation, all of
which discourage firms from increasing productivity and formalizing
(Lopez-Acevedo et al. 2023).

Additionally, structural issues, such as widespread informality and
gender disparities further hinder overall productivity. Informal firms
(accounting for 40-80 percent of total employment, depending on
the country) are typically less productive than formal firms yet
remain key competitors (World Bank 2022c¢). Furthermore, women’s
workforce participation is just 18 percent, and only 3—14 percent of
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firms have female top managers, compared with 21-22 percent in
middle-income economies overall, leading to missed economic
opportunities in the region and significant economic losses

(Gatti, Onder et al. 2025).

Significant business environment obstacles indeed constrain growth,
limit competitiveness, and shape key features of the private sector.
Access to finance is a prominent challenge cited by most firms in
Afghanistan, the Arab Republic of Egypt, Iraq, Jordan, Lebanon,
Tunisia, and to a lesser extent in Morocco and Pakistan (in annex 1A,
refer to figure 1A.1). Business licensing burdens are also widespread
and, for instance, cited as a “major” or “very severe” constraint

by 35 percent of firms in Tunisia, 36 percent in Morocco, and

47 percent in Iraq (refer to annex 1A, figure 1A.1). Labor regulations
present further hurdles.

These business environment barriers create inefficiencies that hinder
firms’ ability to make productivity-enhancing investments such as
engaging further in international trade and climate adaptation. As a
result, most formal firms in the region remain small (40-75 percent
have fewer than 20 employees, as shown in annex 1A, figure 1A.2),
and in many countries, firms stay away from exporting: about

14 percent of firms export directly the equivalent of 7 percent of
their sales (in annex 1A, refer to figure 1A.3).¢ In contrast, an analysis
of World Bank Enterprise Survey (WBES) data shows that 18 percent
of firms in Europe and Central Asia export about 9 percent of their
sales.

SIGNIFICANT EFFECTS OF HEAT ON FIRMS'’
PERFORMANCE

Heat can have a negative impact on firms’ productivity and jobs.
These effects occur through various channels such as reduced input
efficiency and higher operational costs as well as value chain supply
and infrastructure disruptions (Costa et al. 2024; Goicoechea and
Lang 2025; Grover and Kahn 2024; Kala et al. 2023). The theoretical
framework for firms and climate analysis distinguishes between direct
(internal to the firm) and indirect (external to the firm) impacts of
hazards with a slow onset, such as rising temperatures (World Bank
2025), as shown in annex 1B, figure 1B.1.



The Impact of Temperature Changes on MENAAP's Firms and Adaptation Policies

In terms of direct impacts, high temperatures may impair workers’
cognitive skills, increase errors and accidents, and lead to greater
absenteeism and conflict in the workplace, which affects input
efficiency and hence labor productivity. Rising temperatures also drive
higher energy demand for cooling, thus raising operational costs and
pressuring energy systems. As for indirect impacts, heat can also
exacerbate power or water supply disruptions, which in turn are likely
to increase production costs, or cause delays in deliveries which would
affect productivity.

Increased Hazards and Exposure for Many Firms

Average temperatures in the region have increased since the 1950s
(refer to annex 1C, figure 1C.1). In more recent years, comparing
1990-95 with 2018-23, average temperatures further rose across the
region’s countries (refer to annex 1C, figure 1C.2)—ranging from a

5 percent increase in Egypt to a 13 percent increase in Lebanon.
Over the same time span, the average yearly number of “extreme heat”
days has also risen in many countries—by up to 30 days in Egypt and

40 days in Jordan (refer to annex 1C, figure 1C.3).

In addition, clusters of firms in Egypt, Iraq, and Saudi Arabia have
more annual days of extreme heat than the global average of 35 days
per year (refer to map 1.1 and annex 1C, map 1C.1).2 Although
many economic hubs in the region are in cooler areas where the
number of extreme heat days is relatively low (shaded in yellow in
map 1.1), heat trends are still on the rise in these locations. For
example, in Cairo, the average yearly number of extreme heat days
went from 28 days in 1990-95 to 64 days in 2018-23, whereas in
Tunis extreme heat days increased from about 4 to 11 days over the
same time frame.?

A significant proportion of firms and jobs are thus exposed to extreme
heat. Across the countries analyzed, nearly 40 percent of the firms
(accounting for about 44 percent of jobs) face 50 or fewer extreme heat
days per year. However, about 32 percent of firms (accounting for

21 percent of employment) are exposed 100 and more extreme heat
days per year (refer to figure 1.1). Of the firms exposed to 100+ days,
almost 60 percent are small (5-19 employees), with 16 percent being
young (0-5 years).
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MENAAP Countries Face a Large Number of Extreme Heat Days, 2023

ARMENIA
S X e TURKEY TURKMENISTAN
GIBRALTAR SYRIAN ARAB
CYPRUS' . REPUBLIC
LEBANON ISLAMIC REP. OF
IRAQ IRAN

ALGERIA
LIBYA
UNITED
Number of
days

-0

MAURITANIA - 50

NIGER l‘}gg

R®P. OF YEMEN
CHAD ERITREA 500

Source: Developed using the World Bank Firms and Jobs Vulnerability to Climate Change Explorer (https://datanalytics.worldbank.org/global-weather-map/).

Note: The heat map shows the number of “extreme heat” days per district, defined as days whose maximum temperature exceeds 35 degrees Celsius. The heat map’s color coding is
based on worldwide geocoded daily satellite weather data in 2023, indicating local exposure to heat day vulnerability. Dark red areas indicate the highest vulnerability worldwide.
Black dots are locations of manufacturing and services firms from World Bank Enterprise Surveys. MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

SYSIY a1ewi) Jo 324 3y} ut buiadwo)


https://datanalytics.worldbank.org/global-weather-map/�

The Impact of Temperature Changes on MENAAP's Firms and Adaptation Policies

FIGURE 1.1

An Important Proportion of Firms and Jobs Are in Locations
with More Than 100 Extreme Heat Days Per Year
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Sources: Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit
(World Bank 2025) using World Bank Enterprise Surveys (WBES) and Database of Regional
Climate Change data (Bettarelli et al. 2024).

Note: The figure shows the share of firms and firms’employment exposed to “extreme heat”
days (whose maximum temperature exceeds 35 degrees Celsius. WBES data include Egypt,
Arab Rep. 2020; Iraq 2022; Jordan 2024; Lebanon 2019; Morocco 2023; Saudi Arabia 2022;
and Tunisia 2024.

Firm-Specific Vulnerability to Heat Events

Extreme heat affects jobs, input efficiency, and the operating costs of
firms. A one standard deviation increase in the number of extreme heat
days per year—equivalent to 17 additional days—has significant
consequences for firm performance in MENAAP.? Firms experience
notable declines in employment (2 percent) and wages (8 percent),
which is a proxy for job quality, consistent with some of the CCDRs’
findings (refer to figure 1.2, panel a).12 They also face significant
declines in factor efficiency: sales drop by 6 percent, sales per worker
(a proxy for productivity) by 4 percent, and capital utilization by

3 percent.
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For context, similar analysis on a global sample of firms finds that

10 additional extreme heat days reduce revenues by about 6-12 percent
in low- and middle-income countries.'* These results are consistent
with heat-induced reductions in workers’ productivity and disruptions
to internal operations and align with key findings from CCDRs.12

There is also a positive association between extreme heat and the
likelihood of investing in fixed assets (as discussed in annex 1E). One
possible explanation for the latter is that higher temperatures may drive
up repair and maintenance needs, prompting firms to invest in
replacing or upgrading physical assets. Another is that heat-vulnerable
firms are more likely to invest in adaptation practices. Indeed, there is a
positive correlation between a firm investing in fixed assets and the
likelihood that it adopts cooling systems, monitors water usage, and
tracks emissions.2 Similar results are found on the effects of average
temperatures on input efficiency and operating costs, which are also
discussed in annex 1E.

On the indirect side, extreme heat is associated with higher production
costs by straining external systems: the probability of reporting
insufficient water supply rises by 2 percent, highlighting that heat
vulnerabilities in infrastructure are critical to firm operations.* These
vulnerabilities carry a high economic price. It is estimated that water
disruptions lead to utilization rate losses of US$6 billion a year in

low- and middle-income countries (Hallegatte et al. 2019).
Furthermore, the indirect losses from these water disruptions can
exceed the direct losses by a ratio of 3 to 1, depending on the model
specifications.

Small and older enterprises as well as firms not involved in global value
chains (GVCs) are hit harder.* Small firms are disproportionately
affected, with higher revenue and productivity losses resulting from
increases in the number of extreme heat days. For instance, 17 more
extreme heat days per year (that is, one standard deviation) reduces
small firms’ sales revenue by 10 percent and labor productivity by

9 percent. Older firms (over five years of age) are also more vulnerable
to extreme heat, seeing a 7 percent drop in revenues and labor
productivity losses of 5 percent.
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FIGURE 1.2

Extreme Heat Strains Productivity, Jobs, and Production Costs, with the Sharpest
Impact on Small Firms and Greater Resilience Among Young Firms and GVC
Participants in MENAAP Countries, 2019-24
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Sources: Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit 2025 using World Bank
Enterprise Surveys (WBES) and Database of Regional Climate Change data (Bettarelli et al. 2024).

Note: “Extreme heat” days are those whose maximum temperature exceeds 35 degrees Celsius. Geocoded satellite weather
data were matched with geocoded WBES data for over 10,000 firms across Egypt, Arab Rep.; Iraqg; Jordan; Lebanon;
Morocco; Saudi Arabia; and Tunisia between 2019 and 2024. Each bar corresponds to a separate regression. Coefficients are
based on regressions on the effects of extreme heat days deviation from the long-term mean (independent variable) on
performance (dependent variable), controlling for the long-term mean, firm size, and firm age and including country,
sector, year, and country-sector fixed effects (for regressions, see annex 1E). Effects are in terms of one standard deviation
increases in the number of extreme heat days—that is, 17 days in the Middle East, North Africa, Afghanistan, and Pakistan
(MENAAP). Effects across performance variables are not independent and may overlap. The figure reports the combined
coefficient when the dummy equals 1. For example, in panel b, the base coefficient of heat days on sales is —13 percent, but
the interaction coefficient of heat days with being a global value chain (GVC) participant is 16.5 percent, resulting in a
combined effect on sales of 3 percent for GVC participants. Results are robust to removing country-sector fixed effects
and/or size and age controls. In panel b, the dotted line is not statistically significant. GVC participants are defined as firms
that do any of the following: export, import, use foreign technology, or are foreign owned.

a. Results are statistically insignificant.
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Young and large firms, in contrast, show greater resilience.
Participation in GVCs also plays a role: firms that do not import or
export, do not use foreign technology, and are not foreign owned suffer
significantly greater sales and productivity losses in the face of extreme
heat than firms with foreign links (refer to figure 1.2, panel b). Firm
ownership is another important factor: foreign-owned firms and those
that are part of a multiestablishment firm are more resilient.1¢

Heat shocks are not associated with an increase in electricity
expenditure, possibly given a higher likelihood of power outages
during these events. WBES data suggest that firms in areas
experiencing an increased number of extreme heat days spend less on
electricity than those in less affected areas. In the MENAAP region
overall, for instance, 17 more extreme heat days per year relative to
the long-run mean—that is, an increase by one standard deviation—
decrease a firm’s yearly electricity costs by 8 percent (refer to

annex 1E, table 1E.3).1Z At the same time, an increase in the number
of extreme heat days is associated with an increased use of generators
to produce electricity (refer to figure 1.3, panel a)—a technology that
can compensate for reduced electricity supply from the grid and
generally runs on gas or other fuel (whose costs are not observed in

the WBES data).

While not conclusive,!® the evidence could suggest that firms in
affected areas might cope with an increased risk of power outages by
replacing the supply of electricity from the grid with an increased
use of generators, a conclusion that is in line with anecdotal
evidence (ICF 2024; Scott et al. 2014). More generally, WBES
survey data confirm that the electricity supply remains
comparatively unreliable in most of the countries in the region, a
factor that can reduce firms’ capacity to adapt to climate shocks and
limit their competitiveness. Firms in most MENAAP countries
report a substantially higher number of power outages than in
aspirational peer countries such as southern European Union (EU)
countries (refer to figure 1.3, panel b).



The Impact of Temperature Changes on MENAAP's Firms and Adaptation Policies N

FIGURE 1.3

Extreme Heat Days Tend to Lower Firms’ Direct Electricity Expenditure While
Increasing the Use of Power Generators

a. Effect of one SD increase in extreme b. Average power outages per
heat days on MENAAP firms' electricity month, MENAAP countries and
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(log) |
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Effect of increase in
extreme heat days (log)

Sources: Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit (World Bank 2025) using World
Bank Enterprise Surveys (WBES) and Database of Regional Climate Change data (Bettarelli et al. 2024).

Note: Extreme heat days are those whose maximum temperature exceeds 35 degrees Celsius. Coefficients based on
regressions including heat days’ deviation from the long-term mean, controlling for the long-term mean, firm size, and firm
age, and including country, sector, year, and country-sector fixed effects. Effects are in terms of one standard deviation (SD)
increases in the number of extreme heat days—that is, 17 days in MENAAP. Results are robust to removing country-sector fixed
effects and/or size and age controls. The regression for “share of electricity from power generators” used a sample including
Egypt, Arab Rep. 2020; Irag 2022; Jordan 2019, 2024; Lebanon 2019; Morocco 2019, 2023; Saudi Arabia 2022; and Tunisia 2020,
2024. The regression for “electricity purchases” where a green module was available included Egypt, Arab Rep. 2020; Jordan
2019; Lebanon 2019; Morocco 2019; and Tunisia 2020. Monthly power outages are averaged from those reported by firms in
WBES data, including Egypt, Arab Rep. 2020; Iraq 2022; Jordan 2024; Lebanon 2019; Morocco 2023; Saudi Arabia 2025, and
Tunisia 2024. Southern European Union countries include France 2021, Italy 2024, Portugal 2023, and Spain 2024.

Limited Evidence of Firms’ Adaptation Strategies

Despite evidence of the negative effects of heat, the take-up of
adaptation practices among firms is still limited. Data show that firms
that adopted heating or cooling improvements, implemented water
management practices, invested in lighting systems, or set climate-
related strategic objectives are significantly more resilient to the
adverse effects of extreme heat days.!? (See annex 1F for regressions
interacting heat days and adaptation practices.)

However, few firms in the region are taking up these practices, and
small firms are even less likely to do so—pointing to likely investment
climate constraints. Egypt has the lowest overall take-up of cooling and



12

Competing in the Face of Climate Risks

FIGURE 1.4

water management adaptation strategies, with just 9 percent of firms
investing in heating and cooling (refer to figure 1.4) and 3 percent of firms
adopting water management practices (refer to annex 1F, figure 1E.1).
Jordan, Lebanon, and Tunisia display the greatest differences in take-up
between small and large firms. For example, 53 percent of large Lebanese
firms are implementing water management practices, whereas only

6 percent of small firms are doing so (refer to annex 1F, figure 1E.1).

The analysis finds that constraints in access to finance play an
important role in explaining the underinvestment in cooling. Indeed,
for every unit of improvement in the access to finance index

(a composite indicator that takes into account whether or not a firm has
a savings and/or a checking account, an overdraft facility, and is an
active borrower), the likelihood of investing in cooling increases by

5 percent (refer to annex 1F, table 1F.2). This finding is consistent with
similar analysis in the South Asia region (Lang et al. 2025). Even in the
presence of energy subsidies, firms may be discouraged from investing
in cooling technologies because of high up-front costs and limited
access to credit that delays or increases the cost of investment.

Few Firms Are Adopting Heating and Cooling Improvements

Share of firms investing in heating and cooling (%)

90 -
80
70 -
60
50 4
40
304
201

Egypt, Arab Rep.

Lebanon isi Morocco

Source: World Bank Enterprise Surveys (WBES) data.

Note: The WBES data cover almost 6,000 firms across Egypt, Arab Rep. (2020); Jordan (2019); Lebanon (2020);
Morocco (2020); and Tunisia (2020). Summary statistics computed using sampling weights. Small firms are those with
5-19 employees; medium firms, 20-99 employees; and large firms, 100 or more employees.
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Energy Efficiency and Firm Characteristics

Countries in the region have room to improve the energy efficiency of
their productive sector to cope with the costs of rising heat. Achieving
higher energy efficiency—by lowering the energy consumed per unit of
value added produced—is an important driver of competitiveness and
an effective adaptation strategy.?® It lowers production costs and
reduces firms’ dependence on power systems that are vulnerable to
heat-related disruptions.

Economies in MENAAP tend to consume a comparatively high level of
energy per unit of generated value added. Even after accounting for
purchasing power differences, most MENAAP economies are more
energy intensive than aspirational peers such as large southern
European economies. For example, Tunisia and Saudi Arabia use,
respectively, 34 percent and 101 percent more energy per unit of
purchasing power parity (PPP) value added generated than the

average of the five largest southern EU economies, according to
International Energy Agency (IEA) data for 2021 (refer to

figure 1.5, panel a).!

Energy efficiency can be improved by adopting practices and
technologies already in use. Indeed, firm-level data show substantial
heterogeneity in energy efficiency within the services and
manufacturing sectors. The difference in energy efficiency (proxied by
electricity cost as a share of sales) between the 25 percent least efficient
firms and the 25 percent most efficient firms is large, ranging between
a difference of 1.9 percentage points in Morocco to a difference of

3.9 percentage points in Iraq. These differences are nearly as large as
the average firm’s electricity intensity (the cost of electricity as a share
of sales) in each country, equal to about 90 percent of the average in
Morocco and 97.5 percent in Iraq (refer to figure 1.5, panel b).#

Energy efficiency is strongly linked to firm characteristics, with more
productive, larger, and globally connected firms tending to be less
energy intensive. Figure 1.6, panel a, shows that the 20 percent most
productive firms (measured by sales per worker) are, on average,

61.3 percent more energy efficient than the 20 percent least productive,
suggesting a complementarity between productivity and energy
efficiency.
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FIGURE 1.5
There Is Ample Room to Improve Energy Efficiency In MENAAP

a. Energy intensity of the economy,
MENAAP countries and southern EU, 2021
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Sources: Calculations based on International Energy Agency estimates (panel a) and World Bank Enterprise Surveys (WBES)
data (panel b).

Note:“Energy intensity” is indicated by gigajoules (GJ) of energy consumed per US$1,000 (2015 US$, purchasing power
parity [PPP]) of value added in 2021. EU = European Union; MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.
WBES electricity cost and sales data are used to find the interquartile range (IQR)—the “difference” between the 25 percent
least efficient firms and the 25 percent most efficient firms—of firms’ electricity expenditure efficiency (intensity), shown
by the bars (left axis), and the relative size of the IQR relative to the expenditure intensity of the average firm, shown by the
diamonds (right axis). All measures control for sectoral averages. Surveys used: Egypt, Arab Rep. (2020); Iraq (2022); Jordan
(2024); Lebanon (2019); Morocco (2023); Saudi Arabia (2022); and Tunisia (2024). MENAAP = Middle East, North Africa,
Afghanistan, and Pakistan; pp = percentage points.
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FIGURE 1.6
More Productive, Larger, and Exporting Firms Tend to Be More Energy Efficient

a. Relationship between sales per worker and
electricity costs as a share of sales

Energy intensity quintile

Share of firms

0.04
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b. Relationship between firm characteristics and
electricity costs as a share of sales

Electricity expenditures intensity (log)
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Source: Calculations based on World Bank Enterprise Surveys (WBES) data.

Note:“Energy intensity” is defined as a firm’s yearly electricity costs divided by its yearly sales. WBES data are from Egypt,
Arab Rep. (2020), Iraq (2022), Jordan (2019), Lebanon (2019), Morocco (2019, 2023), Saudi Arabia (2022), and Tunisia (2020).
Panel b also includes Jordan (2024) and Tunisia (2024). In panel a, the orange circles plot the average quintile of energy
intensity associated with the average firms in each productivity quintile (“productivity” measured by sales per worker).
International Energy Agency (IEA) electricity price data were used to deflate electricity costs. In panel b, coefficients are
drawn from individual regressions of energy intensity on the relevant variables. All regressions include country-sector and
year fixed effects (FE) and firm size and age controls. Regressions are not weighted. Results are robust to removing country-
sector FE and/or firm size and age controls. Small firms have 5-19 employees, medium firms, 20-99 employees, and large
firms, 100 or more employees. Coefficients for medium and small firms correspond to effects relative to large firms.

GVC = global value chain.
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Figure 1.6, panel b, shows that firms participating in GVCs are about
20 percent less energy intensive on average, even after accounting for
size, likely reflecting the influence of competitive pressures and stricter
standards. Larger firms also tend to be more energy efficient, pointing
to technological or regulatory barriers that smaller firms face in
adopting energy-saving practices. These findings underscore the
potential for productivity-enhancing and energy-efficiency-increasing
policies to reinforce each other and highlight the importance of easing
constraints to boost the competitiveness of smaller firms.

TECHNOLOGY ADOPTION AS HEAT ADAPTATION

The adoption of “green” technology represents one of the most
significant responses by firms to climate change challenges. Companies
across sectors increasingly integrate sustainable innovations into their
operations and products. Firms adopt these technologies to improve
resource efficiency, reduce carbon footprints, comply with
environmental regulations, and meet demands from more
environmentally conscious consumers and investors. To complement
the earlier analyses based on detailed climate and firm-level data, this
section applies artificial intelligence (AI) methods to evaluate corporate
communications data, tracking both the spread of green technologies
and changing environmental regulatory pressures across markets.

"This report analyzes the adoption of green technology by reviewing
earnings call transcripts (ECTS) from publicly traded companies for
2012-21 using natural language processing methods. ECTs are
recordings of conversations between company executives and investors
that discuss quarterly performance, strategic initiatives, and market
challenges. Companies are classified as “green firms” when their ECTs
mention technologies referenced in the World Intellectual Property
Organization (WIPO) GREEN Database of Innovative Technologies
and Needs.? This database comprises over 130,000 environmentally
innovative technologies. The data are supplemented with firm
characteristics and supply chain relationships to capture direct adoption
and diffusion through business networks (Castro and Bastos 2025). For
the MENAAP region, the analysis in this report covers 50 publicly
traded firms and approximately 700 buyers and sellers.

Despite recent improvements in the greening of value chains and the
speed of adoption of green technologies, MENAAP firms currently still
lag behind in the use of green technologies. Figure 1.7, panel a, illustrates
that approximately 14 percent of MENAAP firms mention green
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technologies in their ECT, which is significantly lower than MENAAP’s

buyers and sellers (40 percent) and companies in other regions that are
not buyers from and sellers to MENAAP firms (17 percent).

Nevertheless, the data also indicate that the proportion of “green
firms” in MENAAP has increased from 0 percent in 2016 to 14 percent
in 2021. This increase is aligned with a global surge in the proportion
of “green” companies, especially since 2019. Morocco shows progress
in emerging green technology implementation, though gaps remain
between firms of different sizes and compared with high-income
economies and other low- and middle-income countries (see

annex 1H).

MENAAP firms, along with their buyers and sellers, also exhibit a
growing emphasis on environmental regulations in their corporate
communications. Here, environmental regulations in ECTs are
detected by identifying sentences with regulatory terms and related
words along with environmental keywords. Moreover, the ECTs are
analyzed using the “GreenReg” Index,>* which employs Meta’s open-
source Llama 3.2 large language model to assess regulatory pressure as
increasing (+1), neutral (0), or decreasing (-1). This Al approach
captures nuances and allows for accurate comparisons across regions

FIGURE 1.7

Mentions of Green Technologies and Environmental Regulations Are Rising

a. Percentage of firms mentioning green b. Percentage of firms mentioning environmental
technologies in their ECTs by year regulations in their ECTs by year
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Sources: Calculations based on World Intellectual Property Organization (WIPO) and FactSet data.
Note: The sample included these Middle East, North Africa, Afghanistan, and Pakistan (MENAAP) countries: Bahrain; Egypt,

Arab Rep.; Jordan; Kuwait; Morocco; Oman; Qatar; Saudi Arabia; and the United Arab Emirates. ECTs = earnings call
transcripts.
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and periods. It provides quantitative measures of evolving
environmental regulatory pressures on firms (Bastos et al. 2024).

The share of MENAARP firms referring to green regulations is rising—
from approximately 0.1 percent in 2017 to over 8 percent in 2021
(refer to figure 1.7, panel b). This proportion is notably higher among
MENAAP buyers and sellers, reaching around 18 percent in the latter
year, and exceeding other regions at approximately 8 percent. Globally,
the mention of environmental regulations in boardrooms has
noticeably increased since 2016-17, according to other calculations
from the data.

MENAAP firms are under increasing regulatory pressure but still less
than in other regions. The GreenReg Index shows whether firms
perceive climate-related regulatory pressure to be rising or falling.
Since 2019, MENAAP’s green regulatory pressure has increased but is
still lower than in the EU, the US, and the rest of the world. Globally,
firms have reported an increase in environmental regulatory pressure
over the past decade across various regions (refer to figure 1.8).2¢

FIGURE 1.8

MENAAP Firms Are Experiencing Increased Regulatory
Pressure

Average cumulative GreenReg Index
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Sources: Calculations based on FactSet data and other official sources.

Note: The GreenReg Index (developed for this report based on Castro and Bastos 2025),
using Meta'’s open-source Llama 3.2 large language model, analyzes earnings call
transcripts to assess the extent to which regulatory pressure on firms is increasing (+1),
neutral (0), or decreasing (—1). Middle East, North Africa, Afghanistan, and Pakistan
(MENAAP) countries included in the sample are Bahrain; Egypt, Arab Rep.; Jordan; Kuwait;
Morocco; Oman; Qatar; Saudi Arabia; and the United Arab Emirates. RoW=Rest of the World
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HOW POLICIES CAN ALLEVIATE THE HARMFUL
EFFECTS OF CLIMATE EVOLUTION ON FIRMS

Regulatory burdens and limited financial access exacerbate the
negative impacts of heat on firms in MENAAP, suggesting that
addressing the business environment is key for improving resilience.
Firms faced with greater regulatory burdens (involving business
licensing, labor regulations, and tax inspections) suffer more from the
negative effects of extreme heat days on sales and productivity.
Indeed, firms with the highest regulatory burden see a decline in sales
of about 17 percent, while those facing median levels see a 5 percent
drop as extreme heat days increase (annex 11, figure 11.1). Similarly,
firms with limited access to bank accounts, credit, and/or overdraft
facilities are also hit harder by costs associated with heat. Those
facing the largest constraints in access to finance face a 21 percent
decline in sales as heat days increase, while firms experiencing median
levels see declines of 7 percent.

Evidence of a moderate relationship between MENAAP firms’
productivity and adaptation investment suggests prioritizing business
environment reforms that are tailored to the relevant climate risk and
implemented in the most vulnerable locations.#Z Regressions of firm
adaptation practices on labor productivity reveal a moderate, positive
relationship between the two (refer to annex 1F, table 1F.1). Moreover,
the likelihood of investing in cooling or heating for the most
productive firms is positive, albeit less than 25 percent (annex 1F,
figure 1F.6), and the likelihood of setting climate objectives is less than
15 percent (annex 1F, figure 1E.8).

Taken together, these results imply that policies that unlock firm
productivity by addressing systemic business environment obstacles can
in turn facilitate crucial adaptation investments—but such policies
would benefit from focusing on the most vulnerable firms. For
example, policy makers could consider streamlining licensing and
permitting processes for heat-resilient buildings in affected areas,
promoting the development of climate-related financial instruments, or
introducing skills development programs for green jobs. These
initiatives not only directly address heat-related issues but also can
improve the business environment, boost firm productivity, and
encourage further adaptation investments by firms themselves. Business
environment reforms can be complemented with investments in
resilient public infrastructure that benefit both the private sector and
wider society.
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NOTES

10.

11.

12.

. Average temperatures and extreme heat days are calculated using the

World Bank’s internal Climate Time Series Tool (https://datanalytics-int
.worldbank.org/weather-timeseries/). Regional averages are composed of
each MENAAP country’s yearly value of the relevant indicator (except in
West Bank and Gaza, for which data are unavailable).

Literature reviews by Goicoechea and Lang (2025) and Kala et al. (2023)

summarize the literature along these key channels.

. Unless otherwise specified, the numerical estimates and data in this

chapter do not include Afghanistan and Pakistan.

Countries included are Djibouti, Egypt, Iraq, Jordan, Lebanon, Morocco,
Saudi Arabia, Tunisia, and the Republic of Yemen.

Although limited to pre-COVID-19 World Bank Enterprise Surveys
(WBES) rounds, World Bank (2022c) provides a detailed exploration of
the top obstacles faced by firms in MENAAP.

These numbers do not include Afghanistan and Pakistan.

The global average of extreme heat days is calculated using the same
climate data. This area-weighted average is based on second-level
administrative divisions in geographic data (admin2-level) values for the
number of heat days (whereby admin2 areas that are geographically larger
are given a higher weight).

Whereas Tunisia as a country experienced an increase of 29 days

(as shown in annex 1C, figure 1C.3), Tunis, the “economic hub” in the
cooler area saw an increase of 7 days.

The analysis uses surveys of over 10,000 firms across Egypt, Iraq, Jordan,
Lebanon, Morocco, Saudi Arabia, and Tunisia, covering 2019 to 2024.
Note that the analysis focuses on past effects as opposed to predictions.
Recent surveys are used because they were thought to more closely reflect
current climatic conditions. The surveys also allow for a more accurate
representation of the deviation between current temperatures or extreme
heat days and their long-run means (calculated between 1980 and 2008).
Regressions are presented in annex 1E.

For instance, Egypt’s CCDR reports estimates from the International
Labour Organization indicating that, for Africa as a whole, heat stress is
projected to cause a 2.3 percent reduction in worked hours, the equivalent
of 14 million full-time jobs (World Bank 2022a). Tunisia’s CCDR finds
that in a high-warming scenario, approximately 1,110 jobs in the tourism
sector in coastal zones are expected to be lost by 2050 owing to sea level
rise (World Bank 2023).

Revenue reduction estimates are based on the analysis of Berg et al.
(2025). In this report, all countries except Saudi Arabia (high-income) and
Iraq (upper-middle income) are lower-middle income.

For example, according to Egypt’s CCDR, increasing temperatures from
26 to 31 degrees Celsius leads to an estimated 30 percent drop in labor
productivity (World Bank 2022a). Lebanon’s CCDR highlights that
heat-affected labor productivity, alongside flooding and lower yields, is
projected to reduce real GDP growth by 1.1 to 2.0 percent annually by
2040 (World Bank 2022b).
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13.

14.

15.

16.

17.

18.

19.

20.

In terms of the direct relationship, there are statistically significant
positive effects of increases in average temperatures on the probability of
adopting adaptation measures. However, the effect of extreme heat days
shocks is nonsignificant.

Firms are currently assessed in “isolation” because the WBES do not
provide information on the identity or location of suppliers. However, it is
important to consider ripple effects along supply chains; see Balboni et al.
(2024) for evidence on the impact of extreme weather events on
production networks. Results are thus likely to underestimate the impact of
extreme heat on firm performance, as adverse effects propagated through
supply chains are not accounted for. Measuring supply chain effects
requires different microdata and methodologies outside the scope of

this report.

Interacting heat days with firm characteristics highlights which traits are
associated with better or worse performance under these extreme climatic
conditions. For a full description of the variables used in the analysis, see
annex 1D. Regressions of firm performance indicators on interactions
between heat days and firm characteristics, along with country-sector and
year fixed-effects and controls, are presented in annex 1E.

Although there are some positive effects of extreme heat on firm sales
among younger and GVC-linked firms, these effects are small in
magnitude. One possible explanation is that younger and GVC-linked
firms are more likely to adapt, reducing their vulnerability. Indeed, being a
GVC-linked firm is a strong predictor of take-up of adaptation practices
(for example, investing in heating or cooling). These firms’ relative
resilience may lead to market reallocation, where more adaptable firms
gain market share from those more adversely affected by heat, resulting in
observed sales increases.

Introducing a squared heat days term in the regression reveals an
inverted-U relationship: at lower levels of heat, electricity costs rise, but
beyond a certain point, these costs decline (refer to annex 1E, table 1E.3).
One possible explanation is that firms initially use more electricity for
cooling, but as extreme heat days become more frequent, they may reduce
production, shift activities, or even shut down, leading to lower energy
consumption. Another is that firms may initially demand more electricity
for cooling purposes, but as increasing levels of strain are put on the grid,
power outages become more likely and thus electricity expenditures
decline. There may also be country-specific factors at play: removing
either Egypt or Saudi Arabia from the sample renders the effect of heat
days on electricity cost insignificant. Results might be influenced by both
countries having quite broad energy tariff structures, along with Saudi
Arabia heavily subsidizing energy consumption.

The effect of extreme heat shocks on power outages is not significant
(refer to annex 1E, table 1E.7).

The Green Economy module of the WBES grants insight into firms’
energy efficiency and progress toward adapting to climate risks (resilience).
Higher energy efficiency is usually associated with higher productivity, as
shown in Montalbano and Nenci (2019) and in figure 1.6, panel a, with
evidence of a causal effect of energy efficiency on labor productivity
(Kalantzis and Niczyporuk 2022).
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21. The energy intensity indicator in figure 1.5, panel a, is taken from IEA
estimates. It is equal to the amount of energy used by the economy per
unit of value added generated, and it is meant to capture the efficiency at
which the economy transforms energy sources into value added. This
indicator is also used as the United Nations Sustainable Development
Goals 7.3.1 indicator (“Energy intensity measured in terms of primary
energy and GDP”).

22. Electricity intensity is expressed as a share of sales (percent). The reported
gaps (in percentage points) are absolute differences between high- and
low-efficiency firms, which are then scaled by the average firm’s electricity
intensity to show their relative magnitude. For example, in Morocco, if the
average firm spends 2.1 percent of sales on electricity, the 1.9 percentage
point gap between efficient and inefficient firms equals approximately
90 percent of that average burden.

23. While the analysis of technology adoption focuses broadly on green
technologies, future work could further narrow the scope to high potential
cooling and efficiency technology in MENAAP.

24. Castro and Bastos (2025) show that references to green technologies in
earnings calls are correlated with lower emissions at the firm level,
particularly for large companies. This result suggests that mentions in
earning calls serve as a proxy for green technology adoption.

25. The GreenReg Index was developed for this report by the World Bank
(based on Castro and Bastos 2025).

26. Globally, perceived environmental regulatory pressure has increased
across most climate-related areas—especially air, vehicles, energy, and
general regulations (since 2012-14) and waste, water, and biodiversity
(since 2016-17)—except in the agriculture sector, where it has declined
since 2017.

27. An organizing principle to prioritize policies based on the degree of
complementarity between adaptation investments and firm productivity is
presented in the conceptual framework in annex 1B.
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CHAPTER 2

Impacts of European Climate
Mitigation Policies on MENAAP’s
Trade and Foreign Direct Investment

INTRODUCTION

European countries are intensifying efforts to combat climate
change, which is of particular interest to Middle East, North Africa,
Afghanistan, and Pakistan (MENAAP) countries given their close
trade ties. Two key European Union (EU) climate mitigation
policies include the Carbon Border Adjustment Mechanism
(CBAM) and the Corporate Sustainability Due Diligence Directive
(CS3D). The EU CBAM has influenced other economies, such as
the United Kingdom, to consider their own versions of similar
mechanisms. These policies, which aim to reduce carbon emissions
and encourage a green transition, are expected to reshape trade and
foreign direct investment (FDI) in the MENAAP region.

MENAAP’s trade and FDI inflows will be affected by European
policies given the region’s heavy dependence on carbon-intensive
exports. MENAAP exports 6.7 percent of global aluminum, cement,
fertilizer, and iron and steel, despite accounting for only 0.06 percent
of global trade in 2022. Over one-sixth of the region’s carbon-
intensive exports are directed to the EU (16 percent) and the UK
(1.7 percent) and thus are affected by their CBAMs.!
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MENAAP firms integrated into EU value chains for goods like
textiles, agriculture, and raw materials are also affected by the EU
CS3D (discussed in box 2.2), which sets requirements on firms that are
part of EU value chains. These sectors now face stricter sustainability

and human rights due diligence requirements, which could constrain
MENAAP firms’ access to EU markets.

These European policies will also affect FDI inflows into MENAAP.
Higher export costs to the EU and United Kingdom (UK) may affect
FDI in various ways. FDI to countries with high-emission heavy
industries like steel and aluminum might decrease because of the larger
capital investment needed to decarbonize these sectors. Conversely,
FDI might increase in economies with energy-efficient heavy industries
with lower decarbonization requirements.

"This chapter is structured as follows: The next section describes the
provisions of the EU CBAM. Later sections assess MENAAP countries’
exposure to the policy and estimate the impact of the policy on MENAAP
countries’ sectors and economies. A similar exposure approach is followed
for the UK CBAM, which is presented in annexes 2A and 2B.

THE EU CARBON BORDER ADJUSTMENT MECHANISM

The EU CBAM is a policy designed to reduce greenhouse gas
emissions by accounting for the carbon costs of imported goods.

Its goal is to prevent carbon “leakage,” a potential consequence of the
EU Emissions Trading System (ETS), whereby industries with high
emissions relocate production to regions with less stringent climate
policies or substitute domestic production with imports of high-carbon
goods. By requiring EU importers to purchase CBAM certificates

for carbon dioxide (CO,) emissions not priced domestically, the
mechanism aims to mirror the EU ETS for foreign producers, leveling
the playing field for businesses and creating incentives for non-EU
companies to reduce emissions.

Adopted in April 2023, CBAM will be phased in from 2026 to 2034.
Initially, it will cover high-emission sectors like aluminum, cement,
electricity, fertilizer, hydrogen, and iron and steel, as well as certain
precursors (such as cathode active materials) along with limited
downstream products (such as screws and bolts). It will cover direct
emissions (scope 1) for aluminum and for iron and steel. It will cover
both direct (scope 1) and indirect emissions (scope 2) for other
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sectors (refer to figure 2.1).2 Its coverage is expected to expand over
time, reflecting the ETS’s evolving coverage. EU decisions on the
speed and coverage of such expansion will be informed by periodic
evaluations.

As of October 1, 2023, CBAM requires EU importers to report
embedded emissions, with payments starting on January 1, 2026. From
that date, imports of CBAM goods into the EU will be restricted to
preauthorized CBAM declarants (the importers), who must pay a
carbon price similar to that paid by EU companies under the EU ETS.
Authorized CBAM declarants must declare the previous year’s
embedded emissions in imported goods (using actual or default
emissions intensities), surrendering corresponding CBAM certificates.
Importers must undergo independent verification of reported
emissions and continuously monitor emissions levels. Any direct carbon
price paid in the exporting country will be deducted from the CBAM
fiscal obligation.?

FIGURE 2.1

Adopted in 2023, CBAM will be Phased In from 2026 to 2034

Current legislation
Expanded
Transition phase Phase 1 CBAM
(2023-25) (2027)
Scope 1 only for iron and steel and aluminum, Scope 1and 2
Scope 1 and 2 for other products (Scope 2 = indirect
Emissions (Scope 1= direct emissions from emissions from
covered own or controlled sources; electricity, heat,
Scope 2 =indirect emissions steam used in
from energy generation) production)
« Iron and steel Additional sectors, such as:
« Cement - Coking coal
Products « Electricity « Asphalt bitumen
covered « Fertilizer « Petroleum products
+ Aluminum + Chemicals
+ Hydrogen « Glass and ceramics

+ Nonferrous metals

FUTURE

Scope 3?7
(Scope 3 =all other
indirect emissions
in the supply chain)

All emissions-
intensive
trade-exposed
products?

Expanding CBAM increases protection against leakage,
but also increases complexity and reporting burden.

Source: World Bank elaboration based on European Commission 2025b.
Note: CBAM = Carbon Border Adjustment Mechanism.
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Exporters unable to verify carbon emissions may face penalties
starting in 2026. When actual emissions cannot be reliably verified,
the average emission intensity of the exporting country, increased by
a proportionately designed markup, will be applied as the default
value. These default values are yet to be decided by the European
Commission through an implementing act. This may disadvantage
producers from countries that are able to manufacture CBAM
products with embedded emissions lower than these default values.
The markup encourages producers and importers to use verified
actual emissions data.

By 2034, the EU’s CBAM will require both EU producers and non-EU
exporters to fully pay for carbon emissions, as free allowances to EU
producers will be phased out to promote emissions reductions.
Currently, EU producers receive free allowances for emission permits
to help them compete with foreign competitors. This system levels the
playing field by offsetting carbon costs for domestic industries. By
2034, the proportion of free allowances will have been gradually phased
out, fully transferring the carbon cost burden onto producers and
encouraging emissions reductions. At the same time, because CBAM
will be phased in gradually alongside the phaseout of free allowances
under the EU ETS, the fiscal obligation for non-EU producers will
start lower and progressively increase until CBAM is fully implemented
in 2034.% At that point, both EU producers and non-EU exporters of
CBAM products will be required to pay equally for carbon emissions,
because no free allowances will be available to EU producers.

In February 2025, the European Commission proposed amendments to
the EU CBAM to ease administrative burdens, effective from

January 1,2026. The EU legislative bodies (Council of the EU and the
European Parliament) reached an agreement on these amendments in
June 2025, and the final legal act was decided in October 2025. The
major modifications include the following:

o Scope and threshold for application of CBAM. The threshold will be
based on an annual cumulative net mass per importer and set at
50 tons, replacing the original threshold of €150 for each
consignment of imported goods. This change excludes importers of
small quantities of goods, still ensuring that more than 99 percent of
emissions are maintained in scope.

*  Carbon price paid. CBAM declarants (importers) may use default carbon
prices calculated and to be provided by the European Commission by
an upcoming implementing act. Although the methodology for
calculating these country-specific carbon prices has not yet been
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specified at the time this report was written, previous EU legislation
has referenced an “effective carbon price paid,” which accounts for any
rebates or reduction mechanisms weakening the carbon price paid.
Where the embedded emissions are determined on the basis of default
values, a reduction in the CBAM financial obligation may be claimed
only by a reference to these yearly default carbon prices.

* Date to submit declaration. The submission deadline for CBAM
declarants is shifted by four months, from originally May 31 the year
following importation to September 30 of that year. Although this
new date may provide additional time to gather necessary
information and ensure the verification of embedded emissions, this
extension does not reduce the overall methodological complexity of
reporting and verification.

* Default emission intensity. The current CBAM design empowers the
European Commission to set default values using the best available
data for each exporting country and type of goods. If reliable
emission data for the exporting country are not available, the
amendment obliges the Commission to use the country-specific
default and any other countries’ default emission intensity from the

Annexes of CBAM Implementing Regulation (EC 2025a).2

The impact of the EU CBAM on the competitiveness of an exporter in
the EU market from a country without carbon pricing depends on
three factors:

* The higher its CO, emissions intensity compared with the average
EU firm, the greater the impact due to increased carbon payments.

* A higher concentration of exports to the EU will amplify the impact
on the exporter.

* The administrative and compliance costs related to calculating and
reporting embedded emissions at the product level can further
increase the burden on exporters, especially smaller firms with
limited capacity to meet reporting requirements.

Although CBAM is applied at the firm level, this report evaluates the
exposure to CBAM at the sector level given the lack of relevant
firm-level data.t

CBAM Trade Exposure Index

The exposure of a country’s affected sector to the EU CBAM is assessed
based on the CBAM Trade Exposure Index (TEI), which captures the
first two determinants of the impact of the EU CBAM: relative emission
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intensity and export dependence (Maliszewska et al. 2025). The index is
formulated as the product of the sector’s emission intensity relative to
average EU competitors and its export dependence on the EU as a
destination market, as follows (equation 2.1):

excess carbon payments
EU EU
T'(Elc,.s' - EIEU,.\').qu,.r Xr,.\'
EU * World
Xc,x Xc,y (21)

[—

Total trade in
the sector

CBAM TEI,, =

where 7= CO, price, ¢ = country, s = sector, X = exports in value,
X = exports in quantity, and EI = emission intensity (ton of CO,
equivalent per ton of export).

This index is equivalent to dividing the excess carbon payments—
determined by the carbon price per ton of CO, equivalent (tCO,e),
the quantity of the sector’s affected exports to the EU, and the
difference between a country’s emissions intensity and the EU
average in the affected sector—by the total value of the country’s
global exports of the affected sector.” Excess carbon payments are the
total value of CBAM certificates in excess of the emissions costs of
EU competitors for the quantity of export to the EU of the affected
sector. A high positive index indicates that exporting firms in a
country’s affected sector will incur higher carbon payments than the
average EU firm for the same products, which could reduce their
competitiveness in the EU market and decrease exports of the sector.
Conversely, a negative index suggests that exporting firms in a
country’s affected sector will incur lower carbon payments than the
average EU firm, which could enhance their competitiveness in the
EU market and increase exports of the sector.

"To compute this index, we extract trade data from the International
"Trade Analysis Database (BACI) and emission intensity data from the
European Commission (EC 2025a; Vidovic et al. 2023).2 Export data
are taken from BACI as mirror values, hence reflecting the value of
imports into the EU as reported by the EU. We assume that the
CBAM financial obligations will be ultimately paid by exporters, even if
the legislation requires EU importers to surrender the CBAM
certificates. We also value the excess carbon payments for 2034 onward
once the CBAM is fully phased in.

The carbon price is set at US$100 per tCO, e, assuming the prevailing
price will reach this amount by 2034 when CBAM is fully implemented.
"The carbon price aligns with European Union Allowance futures trading.
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Emission intensities can fluctuate over time, vary across firms, and depend
on data collection methods and sample coverage, which may influence the
accuracy and interpretation of competitiveness outcomes. We employ data
from the latest default emission intensities published by the European
Commission (EC 2025a). In the case of MENAAP, the database provides
emission data only for the aluminum, cement, fertilizer, and iron and steel
sectors. This analysis therefore does not cover the other CBAM sectors:
hydrogen production and electricity.

CBAM Certificate Payments, by Country and Sector

"The total CBAM certificate payments made by MENAAP countries and
EU producers differ depending on the sector. These payments are
determined by multiplying emission intensity, export volume to the EU,
and the carbon price. The ad-valorem equivalent (AVE) of CBAM
certificate costs for both MENAAP economies and EU producers is
shown as a percentage of exports to the EU (figure 2.2, panels a, d, g, and j)
and can be understood as a tariff equivalent of CBAM certificate costs.?

The difference in total CBAM certificate payments between countries
and EU producers, or difference in carbon payments, is referred to as
“excess carbon payments.” The EU AVE differs by country because of
the varying subproduct composition of that sector’s exports across
countries. In the case of aluminum, the AVE for the Arab Republic of
Egyptis 8.5 percent, meaning that the CBAM certificate payments
amount to 8.5 percent of the value of Egypt’s aluminum exports to the
EU, which is 1.2 times higher than the EU producers’ AVE.
Meanwhile, Morocco’s AVE for aluminum is 1.4 percent, which is
about one-third of the EU producers’ AVE. This means Egyptian
aluminum exporters will face higher CBAM certificate costs (positive
excess carbon payments) than the EU producers, whereas Moroccan
aluminum exporters will face lower CBAM certificate costs than the
EU producers (negative excess carbon payments).

Though CBAM will likely have a small impact on MENAAP
economies, the CBAM TEI indicates that CBAM may pose challenges
for specific sectors in certain MENAAP countries. The index values
for aluminum, cement, fertilizer, and iron and steel across MENAAP
countries are presented in panels ¢, f, i, and |, respectively, of figure 2.2.
These graphs present the CBAM TEI capturing excess carbon
payments (that is, expected default payments in excess of EU averages
for the product mix of the exporting country) as a share of global
exports of the sector. The graphs in panels b, e, h, and k illustrate the
two components of the CBAM TEI—that is, the trade exposure and
excess carbon payments for each county as a share of export to the EU.
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FIGURE 2.2

CBAM Trade Exposure Index and Key Components of MENAAP Countries in Main EU

CBAM Sectors
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FIGURE 2.2

CBAM Trade Exposure Index and Key Components of MENAAP Countries in Main EU

CBAM Sectors (continued)
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FIGURE 2.2

CBAM Trade Exposure Index and Key Components of MENAAP Countries in Main EU
CBAM Sectors (continued)
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FIGURE 2.2

CBAM Trade Exposure Index and Key Components of MENAAP Countries in Main EU
CBAM Sectors (continued)

Sources: World Bank calculations using Maliszewska et al. 2025 based on 2023 trade data from the International Trade
Analysis Database (BACI) and default emission intensities from EC 2025a.

Note: Panels a, d, g, j represent ad valorem equivalent (AVE) of total embedded carbon payments as a share of total exports
of these products to the EU. To compare to the embedded carbon payments that an EU producer would have for the same
mix of products, the EU average emissions intensity for each product is multiplied by the country’s exports by weight to
the EU, and aggregated across the relevant products in the sector. Panels b, e, h, and k present the trade exposure and
excess carbon payment in the aluminum, cement, fertilizer, and iron and steel sectors, respectively. They present the
decomposition of the Trade Exposure Index (TEI) into two components: carbon intensity relative to the EU and export
dependence. Panels ¢, f, i, and | express the Carbon Border Adjustment Mechanism (CBAM) TEl in percentage terms,
capturing the excess embodied carbon payments as a share of the value of the country’s global exports of the affected
sector (to achieve this, the TEl value is multiplied by 100). The carbon price is set at US$100 per metric ton of carbon dioxide
(CO,) equivalent— which is the assumed value that the carbon price will reach by 2034, when the CBAM is fully phased in.
Countries with an export value to the EU less than US$1 million are excluded. AVE = ad-valorem equivalent; EU = European
Union; MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

The CBAM TEI suggests that several MENAAP countries may lose
competitiveness in aluminum, cement, fertilizer, and iron and steel .2
Of those MENAAP countries for which there is default emission
intensity data, the most exposed are Egypt in aluminum, Tunisia in
cement, Oman in fertilizer, and Libya in iron and steel, as follows:

* LEgypt is the most exposed in aluminum (refer to figure 2.2, panel c), as
67 percent of its aluminum exports go to the EU, with the expected
excess carbon payment of 1.4 percent of the value of its aluminum
exports going to the EU (refer to figure 2.2, panel b).

 Tunisia is the most exposed in cement (refer to figure 2.2, panel f), as
38 percent of Tunisia’s cement exports are destined for the EU, and
its exporters face an excess carbon payment of 6.1 percent of those
exports (refer to figure 2.2, panel e).

*  Oman is the most exposed in fertilizer (refer to figure 2.2, panel i),
although 5 percent of its fertilizer exports are shipped to the EU and
would see an excess carbon payment of 22 percent by value (refer to
figure 2.2, panel h).

* Libya is the most exposed in iron and steel (refer to figure 2.2, panel 1), as
43 percent of its iron and steel exports go to the EU, and they face
an excess carbon payment of 31 percent (refer to figure 2.2, panel k).
Furthermore, its emissions intensity is high relative to EU
counterparts, leading to the highest TEI rate across all sectors.

Higher costs from CBAM certificates may reduce competitiveness on
EU markets, potentially prompting industries to seek energy-efficient
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technologies to decrease carbon intensity or to redirect exports to
other markets.

In contrast, some MENAAP countries like Morocco have a negative
CBAM TEIl in aluminum and cement and could gain competitiveness
in that sector. A negative CBAM TEI implies that the cement products
that are most heavily traded by Morocco are less carbon intensive than
the EU emission intensities for those products, signaling that exporters
may benefit from greater competitiveness in the EU market. Although
Morocco’s total carbon payments for its cement exports to the EU
represent a high proportion of its export values—with AVEs at
approximately 131 percent (refer to figure 2.2, panel d)—the default
emission values for Moroccan cement products exported to the EU are
actually lower than default values applied to EU producers, resulting in
a negative CBAM TEI (refer to figure 2.2, panel f).

CGE MODELING OF CBAM IMPACTS

After reviewing the exposure of MENAAP’s aluminum, cement,
fertilizer, and iron and steel sectors to the EU CBAM, we now assess
the impacts of the EU CBAM using computable general equilibrium
(CGE) modeling.! The exposure analysis focuses on the supply side,
identifying sectors likely to be affected by CBAM. A comparative static
Global Trade Analysis Project (Energy) (GTAP-E) CGE model enables
us to assess the general equilibrium impact capturing interactions
between all markets simultaneously—goods, services, and factors of
production—as it incorporates input-output linkages and economywide
effects. As a result, the CGE analysis can assess the relative
competitiveness of MENAAP countries on the EU market with respect
to EU domestic producers and other exporters.

The analysis considers supply and demand changes resulting from the
removal of free allocations in the EU and the imposition of CBAM.
The model incorporates a GTAP 11 Circular Economy Data Base
(GTAP11-CE), which includes 99 sectors with detailed representations
of primary, secondary, and recycling activities for metals and plastics.12
"To depict a stylized pre-CBAM scenario, we establish a baseline with a
uniform carbon price of US$100 per ton of CO, across all sectors in
the EU, maintaining 90 percent free allocations in the aluminum,
cement, fertilizer, and iron and steel sectors.l> The CBAM scenario, on
the other hand, maintains the same carbon price but assumes the
complete removal of free allocations in the EU and imposes financial
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obligations on imports of CBAM products, representing the full
implementation of CBAM.

The analysis employs the latest data on emission intensities, as in the
exposure analysis. We take the trade weighted average emission
intensity of the exporting country and, if unavailable, a default emission
intensity from the EC (2025a) because that is the value that the EU will
consider if there is no value.!* The default emission intensity at the
sector level is calculated by aggregating the product-level default
emission intensity, weighted by export quantity.l2

The European Commission data may not accurately reflect the
carbon content of MENAAP exporters in CBAM sectors for two
reasons. First, estimates represent national average emissions for a
product, whereas some exporters will operate with greater or lower
carbon efficiency and thus be subject to greater or lower CBAM
financial obligations. Note that the EU will derive the CBAM
financial obligations based on the emissions of the facility producing
that product. If such data are not available, during the early stage of
CBAM, exporters might opt for the country-specific default values of
emissions—that is, the average emission intensity of the exporting
country for that sector from the country-specific default values
provided by the EC (2025a).

Second, if country-specific default values are not available for some
countries and sectors, we use the global default value provided by
the EC (2025a). Because of this, the impacts estimated for those
countries and sectors are upper bounds of impacts. For instance, the
country-specific default values do not include the data for Egypt’s
iron and steel sector, so we take the global default emission
intensity for that product; however, alternative sources indicate that
Egyptian producers outperform the EU average in carbon
competitiveness within this sector.!® MENAAP firms with lower
emissions than the default emission intensities will have an
incentive to document their actual emissions to avoid the
application of the default value and minimize the financial
obligations under CBAM. This underscores the importance of
developing carbon measurement systems for firms to be able to
report accurately to the EU on their emissions.

The CGE analysis offers a stylized simulation of CBAM’s impact on
changes in trade, welfare, and sectoral output. It captures its impact
on exporters through the introduction of CBAM certificate payments
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and also through changes in prices, especially of fossil fuels,
as regional and global actors respond to the removal of free allocations
to EU producers and the introduction of CBAM in the EU.

The pre-CBAM policy scenario (the reference scenario against which
we measure CBAM impacts) involves the implementation of carbon
pricing in the EU at US$100 per tCO,e alongside output subsidies to
EU producers of CBAM goods amounting to 90 percent of the value of
carbon content. The value of the subsidy is linked to the sectoral
emission intensities, with the biggest impact on fertilizer (45.3 percent)
and cement (38.5 percent) for EU producers.

The CBAM policy scenario maintains the US$100 per tCO,e price and
combines the removal of these output subsidies with the introduction
of CBAM certificate costs for EU imports. The cost of CBAM
certificates is estimated based on the latest default values issued by the
European Commission in December (EC 2025a). For several reasons,
these simulations are likely to generate impacts at the upper bound:

* They capture the full implementation of CBAM, which in practice
will be introduced gradually, with time to allow for improvements in
carbon efficiency that are not modeled.

* Exporters are assumed to be using default values, while cleaner
exporters will be able to certify their lower emission intensities and
face lower CBAM certificate costs.

® The trade reallocation would likely take time, while the model
allows for full adjustment within the simulation period.

The AVE payments of CBAM certificate costs range from 2 percent to
236 percent. Carbon payments are calculated as the product of default
emission intensity (tCO,e per ton of product), the assumed carbon
price (US$100 per tCO,e), and export volume to the EU (tons). This
approach is consistent with the calculation of the carbon payments in
the TEI discussed in the earlier section. The AVE of CBAM cost
certificates is calculated as the carbon payment divided by the value of
exports to the EU at the sectoral level (refer to table 2.1).17 The highest
AVEs are recorded in cement (which has high emissions intensity and
low value per ton of product), and the lowest AVEs are in aluminum
(which is liable only for direct emissions and when values per ton of
product are high).

Countries facing lower carbon payments will be at a competitive
advantage over other exporters. They might also be more competitive
than some EU producers depending on the carbon content of EU
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domestic production. Note that the AVE reported in figure 2.2 differs
from that in table 2.1. The distinction arises because the AVE in

figure 2.2 is calculated based on relative emission intensity at the
product level, whereas the AVE in table 2.1 is aggregated to the
sectoral level as defined within the CGE simulation framework. The
AVEs from table 2.1 determine the carbon payments incurred by
exporters, while EU producers face the price of US$100 per tCO,e and
the removal of free allocations.

TABLE 2.1

Total Carbon Payments as a Share of Export Values to the EU,
by Sector, MENAAP Countries

Sector Economy Total carbon payment (% of exports to EU)

Egypt, Arab Rep. 9
United Arab Emirates 7
Bahrain 7
Iran, Islamic Rep. 7
Aluminum Oman ’
Saudi Arabia 6
Qatar 6
Jordan 2
Tunisia 2
Morocco 2
Saudi Arabia 236
Algeria 184
Morocco 137
Cement Egypt, Arab Rep. 120
Pakistan 115
Tunisia 114
United Arab Emirates 101
United Arab Emirates 58
Bahrain 52
Oman 4
Algeria 37
Fertilizer Qatar %
Saudi Arabia 31
Egypt, Arab Rep. 29
Jordan 17
Morocco 1
Tunisia 10

(continued)
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TABLE 2.1

Total Carbon Payments as a Share of Export Values to the EU,
by Sector, MENAAP Countries (continued)

Sector Economy Total carbon payment (% of exports to EU)
Egypt, Arab Rep. 52
Oman 52
Saudi Arabia 45
Algeria 45
Pakistan 35

Iron and Iran, Islamic Rep. 35

steel Tunisia 28
United Arab Emirates 24
Kuwait 24
Morocco 19
Bahrain 17
Qatar 15

Sources: Trade data for 2023 using International Trade Analysis Database (BACI) H52022
version corresponding to Global Trade Analysis Project (GTAP) sector; 2025 default
emission intensity data from EC 2025a.

Note: Carbon payments for each country and sector are calculated as follows: default
emission intensity (tons per ton) x carbon price (US$100 per ton) x exports to the

EU (tons) + exports to the EU (USS) x US$100 per ton. EU = European Union;

MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

CGE MODELING RESULTS

CBAM’s implementation is likely to reduce EU imports overall,
especially in carbon-intensive sectors, but to increase fertilizer and
secondary iron and steel imports. The removal of free allocations in the
EU and imposition of financial obligations linked to CBAM lead to

* Greater embedded carbon costs, increasing costs of carbon-intensive
products from the EU and reducing demand for carbon-intensive
imports into the EU;

o Less demand for fossil fuels (FFLs), reducing their prices in the EU and
deteriorating the terms of trade of FFLs exporters while benefiting
FFLs importers; and

* Slower growth in the EU due to higher domestic prices and loss of
competitiveness in export markets, reducing demand for imports
overall.
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With the full implementation of CBAM, EU imports from all
countries are anticipated to decrease by US$136 billion,
representing a 2.2 percent reduction. Imports specifically within
CBAM sectors could drop by US$16 billion, or 8.1 percent.
Notably, the EU is expected to see declines in imports of primary
aluminum (-US$1.3 billion, -4.5 percent); secondary aluminum
(-US$0.3 billion, -1.2 percent); cement (-US$1.1 billion,

-34.2 percent); and primary iron and steel (-US$14.4 billion,

-16.8 percent). Conversely, imports of fertilizer are expected to rise
by US$0.5 billion (6.3 percent), while secondary iron and steel may
see an increase by US$0.2 billion (0.5 percent).

CBAM Impacts on MENAAP GDP and Welfare

Modeling results indicate that the impacts of CBAM on GDP and
household welfare in MENAAP countries are likely to be negative but
negligible. When CBAM is fully implemented, the MENAAP region is
projected to experience a net GDP loss of US$1.4 billion, representing
a 0.1 percent decline relative to the baseline (a business-as-usual
scenario), while the estimated welfare loss is US$6.6 billion (refer to
figure 2.3, panel b)."® Among MENAAP countries, Saudi Arabia and
Egypt show large macroeconomic impacts:

* Saudi Arabia may face a GDP decrease of US$281 million
(0.04 percent loss) and a welfare loss of US$2.2 billion.

* Egypt is estimated to experience a GDP decline of US$355 million
(0.2 percent loss) and a welfare loss of US$344 million.

"Two countries that benefit from increased mitigation efforts in the EU
and imposition of CBAM are Jordan and Morocco, though the gains in
GDP are very small (0.05 and 0.02 percent, respectively). The gains are
driven by the relative carbon competitiveness of their CBAM product
exports, as reflected by low AVEs of carbon payments and also because
both countries are net importers of FFLs.

CBAM Impacts on MENAAP Exports to the EU

MENAAP’s exports to the EU are expected to decline as a result of
CBAM. Total MENAAP exports to the EU are projected to decline
by US$6.9 billion, representing a 4.2 percent decrease relative to
the baseline. The CGE modeling projects that several CBAM-
targeted sectors in MENAAP may experience export declines to the



42

Competing in the Face of Climate Risks

EU: cement (-US$11 million, 60 percent loss); primary iron and

steel (-US$26 million, 62 percent decrease); and non-CBAM

products (-US$12.5 billion, 8 percent decrease) (refer to figure 2.4).

Fertilizer exports to the EU, however, are projected to rise by

US$4 billion (231 percent increase) because of the region’s relative
carbon competitiveness. Non-CBAM exports to the EU drop, but

this is partially offset by exports to other markets. Annex 2D

provides disaggregated results of MENAAP’s countries’ non-CBAM

exports to the EU and the rest of the world.

FIGURE 2.3
Projected Impact of CBAM on Selected Macro Indicators in
MENAAP Countries
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FIGURE 2.3

Projected Impact of CBAM on Selected Macro Indicators in
MENAAP Countries (continued)
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Source: World Bank calculations.

Note: Graphs show the results of computable general equilibrium (CGE) modeling of
impacts after the European Union’s full Carbon Border Adjustment Mechanism (CBAM)
implementation relative to the baseline (business-as-usual) scenario. Afghanistan and
Pakistan have been removed from the charts because their change in export value did

not exceed the threshold although they are included in overall CGE simulation. GDP = gross
domestic product; MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

a. Welfare measures the amount of income a consumer would require at the original prices
to reach the same level of satisfaction they would have after the policy change.

b. Terms of trade refer to the ratio between a country’s export price index and its import
price index. A relative percentage in change of terms of trade indicates how a policy shock
affects a country’s welfare by changing the purchasing power of its exports in international
markets. area.

Despite an overall decline of exports to the EU, MENAAP exports to
the EU will grow in a few CBAM sectors (refer to annex 2E).
Increases in primary aluminum exports are recorded by the United
Arab Emirates (US$1.2 billion or 12 percent increase), while
increases in secondary aluminum exports are driven by Egypt
(US$20 million or 11 percent increase) and Saudi Arabia

(US$16 million or 15 percent increase). In the fertilizer sector,
meanwhile, Morocco (US$2.2 billion or 405 percent increase) and
Egypt (US$844 million or 123 percent increase) will see the largest
export gains, followed by Tunisia (US$676 million or 398 percent
increase). The large fertilizer export gains of Morocco and Egypt are
driven by lower prices supported by low emission intensity relative to
the EU average and other exporters.
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Many countries see very high ad-valorem carbon payments in the
cement sector as well as in the iron and steel sector and therefore a
decline of exports to the EU under CBAM. The model suggests that
Morocco’s exports of cement could decline by US$5 million or

76 percent, while Tunisia’s exports of cement could fall by

US$6.1 million or 55 percent. Even if many other countries see an
increase in cement exports to the EU; the overall EU imports of
cement from MENAAP decline by 60 percent (refer to figure 2.4).
Some of the biggest declines of exports of primary iron and steel are
recorded by Algeria and Egypt, with declines of US$4 million

(68 percent), and US$14 million (78 percent), respectively (as shown
in annex 2E).

FIGURE 2.4

Projected Change in MENAAP’s Exports to EU and Rest of the
World Relative to Baseline
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Source: World Bank calculations.

Note: The results are based on the computable general equilibrium (CGE) modeling of the
impacts of full Carbon Border Adjustment Mechanism (CBAM) implementation on exports.
The baseline is a business-as-usual scenario. The bars show changes in US$, millions and
the circles, percentage changes. “Aluminum: primary” refers to primary aluminum, which is
new metal extracted directly from raw natural resources. “Aluminum: secondary” refers to
recycled metal produced by melting down existing aluminum scrap. “Primary” and
“secondary” iron and steel are defined similarly. EU = European Union; MENAAP = Middle
East, North Africa, Afghanistan, and Pakistan; RoW = rest of the world.
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In the modeling, although total MENAAP exports to the EU could
decrease by US$6.9 billion (a 4.2 percent decrease), overall MENAAP
exports to the world decline by only US$1.2 billion (a 0.1 percent
decrease) as trade rebalances from EU to non-EU markets. The
increase in MENAAP exports to other regions is primarily attributed
to higher shipments to China, Tiirkiye, and the United States as well as
high-income countries in Asia. Notably, the actual trade redirection
may be less significant than model projections suggest because the
scenario does not consider the UK’ introduction of its own CBAM
(as discussed in annexes 2A and 2B), which would disincentivize trade
shifting toward the UK.

IMPACTS ON FDI INFLOWS

Although operational only by 2026, the EU CBAM’s impact on FDI
inflows into the region appears already visible. Data on greenfield FDI
since CBAM’s announcement in December 2019™ reveals that Chinese
FDI into MENAAP’s aluminum and steel sectors has strategically
increased while EU investment has declined, suggesting a preemptive
response to the upcoming carbon regulations.

The Rise of Chinese FDI

Before the announcement, 43 percent of FDI flows into MENAAP’s
aluminum sector came from the EU, 26 percent from the rest of the
world, and 20 percent from within MENAAP (refer to figure 2.5). After
the announcement, China leads at 43 percent, while the EU declined to
21 percent. Meanwhile, Chinese FDI in steel rose from 8 percent to

12 percent during the period, and the EU’ share dropped from about
32 percent to 18 percent. Fertilizer and cement saw EU-originated
FDI decrease by 13 and 6 percentage points, respectively.

This rising relative importance of China is likely driven less by a surge
in new Chinese inflows than by the country’s resilience amid shifting
global dynamics. Chinese investors appear to be maintaining their
long-term positions and exploring MENAAP as a strategic platform for
future exports, whereas European investors, facing uncertainty and
tightening climate-related policies at home, are becoming more
cautious. Indeed, the five-year average of announced EU greenfield
projects in CBAM sectors globally has declined by about 16 percent
since the Green Deal announcement in 2019. In effect, China’s steadier
investment trajectory contrasts with the EU’s pullback, amplifying
China’s share in MENAAP’s aluminum and steel sectors.
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FIGURE 2.5

Chinese Greenfield FDI Flows in MENAAP Have Risen in Aluminum and Steel
Sectors Since CBAM’s Announcement

Share of FDI inflows, by country of origin (%)
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Source: World Bank calculations based on fDi Markets greenfield investment data.
Note: “Pre-CBAM” includes 2010-18 and “Post-CBAM” includes 2019-23. EU = European Union; FDI = foreign direct
investment; MENAAP = Middle East, North Africa, Afghanistan, and Pakistan; RoW = rest of the world.

Greenfield FDI Determinants: An Econometric Analysis

The 2019 CBAM announcement under the EU Green Deal seems to
have prompted investors to anticipate cost changes on exports and
thus on investors’ returns—and to adjust their investment decisions
accordingly. To test this, we perform an econometric analysis of the
determinants of greenfield FDI inflows across countries, sectors, and
time, and examine whether investors were more sensitive about a
sector’s trade exposure to CBAM (as measured by the CBAM TEI)
after the CBAM was announced in 2019. For the regression
specifications, see box 2.1.2

The regression results across all countries indicate that FDI
announcements were significantly more sensitive to a sector’s CBAM
TEI after CBAM was announced than before. A sector’s high TEI has a
negative impact on FDI announcements, which is to be expected: the
greater the trade exposure, the higher the CBAM costs on exports and
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BOX 2.1

For the econometric analysis of the
Carbon Border Adjustment Mechanism
(CBAM) impact on greenfield foreign
direct investment (FDI), we run the
following regression (equation B2.1.1):

FDI,,,, = B, Index o ¥ 1 209, g
log(DIST, ) + B, COMLANG, , + B,
log(GDP)) + B, log(GDP,) + 8 + v, + ¢,

+ € (B2.1.1)

dys,t?

where FDI ,  is the long-transformed
FDI greenfield investment
announcements for sector s in year ¢,
from country of origin o to destination
country d. FDI is measured both in
number of projects and estimated
capital expenditure (CAPEX). CAPEX
values are deflated by the US Consumer
Price Index (CPI) found in the World
Development Indicators Database.

Estimating the Effect of the CBAM Announcement on FDI

Index ,_is the log transformation of CBAM
Trade Exposure Index for country 4 in
sector s. [ 22 js a dummy that turns

to 1 in 2019 and onward, signaling the
announcement of CBAM within the
European Union Green Deal in 2019. The
interaction measures the marginal effect of
the CBAM exposure index post-2019.

Gravity variables DIST, , and COMLANG, ,
are distance (measured in kilometers) and
a dummy variable indicating if countries

0 and d share the same language. GDP
represents the real gross domestic product
in constant US dollars. d, g, and ¢, are
origin, destination, and year fixed effects.

The regression model is employed on
bilateral FDI greenfield announcements
from the fDi Markets database for the
period 2010-23.

the less competitive the sector is and thus less attractive to investment.
Globally, the negative effect of a sector’s CBAM TEI on FDI is larger
and more significant in the aluminum and fertilizer sectors than in the
other sectors (refer to figure 2.6). These results suggest that forward-
looking investors adjusted their decisions in anticipation of changes in
export costs because of CBAM.2

In the case of MENAARP, the increased sensitivity of FDI to the
CBAM TEI after the CBAM announcement is significant only for
aluminum (refer to figure 2.7), and even then, the effect is weaker
than in other regions (refer to annex 2F, table 2F.1). In contrast, the
marginal impact of the TEI for aluminum on FDI announcements
post-2019 is much larger and statistically significant for Latin
America and the Caribbean, Sub-Saharan Africa, and South Asia.
For fertilizer, the global decline is largely driven by investors in
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North America. For cement, the marginal impacts are large and
significant for East Asia and the Pacific and South Asia, whereas in
MENAAP, the declines are only marginally significant and
comparatively small. This relatively muted response of exposed
sectors in MENAAP after 2019 may reflect the region’s recent
sustainability initiatives and enhanced reporting practices

(Benny 2024; Kairuz and Goodman 2024).2

FIGURE 2.6

Globally, the Negative Effect of a Sector’s CBAM TEl on FDI is
Largest in the Aluminum and Fertilizer Sectors After the 2019
CBAM Announcement Within the EU Green Deal

Estimated effect of the post-2019 CBAM announcement
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Source: World Bank calculations based on fDi Markets data.

Note: Each column shows results from a gravity model regression of foreign direct
investment (FDI) greenfield investment announcements on the Trade Exposure Index
(TEI) interacted with post-2019 dummy on log capital expenditure (in US$, millions) by
country pair (greenfield FDI from country A in country B) and year, with year, source, and
destination fixed effects (as further detailed in box 2.1). This figure presents pooled
results across all countries, whereas figure 2.7 includes region-specific interactions,
highlighting the estimates for the Middle East, North Africa, Afghanistan, and Pakistan
(MENAAP). Whiskers indicate 95 percent confidence intervals. A 0.25 estimate implies
(e/(0.25) — 1)*100 = 28 percent higher announced greenfield FDI in response to a
percent increase in the TEl relative to its pre-2019 level. MENAAP countries included in
the sample are Algeria; Bahrain; Egypt, Arab Rep.; Iran, Islamic Rep.; Iraq; Jordan; Kuwait;
Lebanon; Morocco; Oman; Qatar; Saudi Arabia; Syrian Arab Republic; Tunisia; and West
Bank and Gaza. CBAM = Carbon Border Adjustment Mechanism; EU = European Union.
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FIGURE 2.7

Globally, The Negative Effect of a Sector’s CBAM TEl on FDI Is
Not Driven by MENAAP, Except for the Aluminum

Estimated effect of the post-2019 CBAM announcement (%)
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Source: World Bank calculations based on fDi Markets data.

Note: Each column shows results from a gravity model regression of foreign direct
investment (FDI) greenfield investment announcements on the Trade Exposure Index
(TEI) interacted with post-2019 dummy on log capital expenditure (in US$, millions) by
country pair (greenfield FDI from country A in country B) and year, with year, source, and
destination fixed effects (as further detailed in box 2.1). Whereas figure 2.6 presents
pooled results across all countries, this figure includes region-specific interactions,
highlighting the estimates for the Middle East, North Africa, Afghanistan, and Pakistan
(MENAAP). Whiskers indicate 95 percent confidence intervals. A 0.25 estimate implies
(e/(0.25) — 1)*100 = 28 percent higher announced greenfield FDI in response to a
percent increase in the TEl relative to its pre-2019 level. MENAAP countries included in
the sample are Algeria; Bahrain; Egypt, Arab Rep.; Iran, Islamic Rep.; Iraq; Jordan; Kuwait;
Lebanon; Morocco; Oman; Qatar; Saudi Arabia; Syrian Arab Republic; Tunisia; and West
Bank and Gaza. CBAM = Carbon Border Adjustment Mechanism; EU = European Union.

TRADE AND FDI VULNERABILITY, BY COUNTRY

MENAAP countries’ vulnerability to CBAM is determined by the
CBAM TEI and by the FDI exposure. A country’s TEI in a sector
captures a sector’s potential loss or gain of competitiveness in the EU
market. A country’s FDI exposure captures the presence of FDI in the
country and thus of available foreign capital to realize potential
competitiveness gains in a sector resulting from CBAM. We measure
FDI exposure by the importance of greenfield FDI in a country’s
domestic capital stock during the pre-CBAM announcement period,
2016-18.
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A Framework for Categorizing Trade Vulnerability and
FDI Exposure

Countries can be categorized into four quadrants for a given sector
based on their trade and FDI exposure (refer to figure 2.8):

¢ High vulnerability with high trade and FDI exposure (upper-right
quadrant)

¢ High trade but low FDI exposure (upper-left quadrant)
* Low trade but high FDI exposure (lower-right quadrant)
¢ Low exposure on both fronts (lower-left quadrant).

This framework helps identify countries facing adjustment pressures
or opportunities from CBAM. Economies with lower carbon
emissions in a sector than the EU average (denoted by a negative
CBAM TEI) and high FDI exposure could potentially attract green
investments and realize the sector’s potential post-CBAM
implementation. Economies with lower carbon emissions than the
EU average but low FDI exposure will not be able to tap into FDI in
the short term to realize the sector’s potential and will be constrained
to available domestic capital. Economies with carbon emissions
higher than the EU but high FDI exposure may leverage FDI to
help decarbonize these sectors.

FDI Implications for MENAAP Countries

In MENAAP, most countries with high trade exposure in aluminum
and in iron and steel rely only minimally on FDI (refer to figure 2.8),
implying that short-term sectoral growth in these areas will need to be
driven primarily by domestic capital investment rather than foreign
inflows. Notable exceptions stand out: for aluminum, Bahrain, Egypt,
and Morocco combine both higher-than-median FDI exposure and a
high CBAM trade exposure, whereas most other MENAAP countries
fall into the category of high trade but low FDI exposure. For iron and
steel, Algeria and Egypt also show both high CBAM trade exposure
and high FDI exposure, even though most countries in the region tend
to exhibit higher-than-median trade exposure alongside high exposure
in FDI. These exceptions (Bahrain, Egypt, and Morocco in aluminum;
and Algeria and Egypt in iron and steel) are particularly relevant
because their receipt of FDI makes them more directly affected by
CBAM-related investment dynamics.
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FIGURE 2.8

Most Countries in MENAAP with High Trade Exposure in
Aluminum and in Iron and Steel Rely Only Minimally on FDI
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Sources: World Bank calculations based on fDi Markets data and the International Trade and
Production Database for Simulation (ITPD-S).

Note: Graphs depict the relation between the Carbon Border Adjustment Mechanism
(CBAM) Trade Exposure Index and foreign direct investment (FDI) exposure (in logarithms)
measured as the amount of announced capital expenditure in greenfield investment per
unit dollar of domestic output between 2016 and 2018. Log transformations are in base 10
and add a constant of 1e-5. Dotted lines represent median values for each variable. For a
list of country codes go to https://www.iso.org/obp/ui/#search. MENAAP = Middle East,
North Africa, Afghanistan, and Pakistan; RoW = Rest of the World.
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A similar situation is observed in the cement and fertilizer sectors. Most
countries in these sectors have very limited FDI and low export exposure.
However, several countries stand out (refer to figure 2.9). For cement,
Algeria, Egypt, Morocco, and Tunisia all exhibit high CBAM trade
exposure, but only Algeria and Morocco show high FDI exposure. For
fertilizer, Algeria is an outlier with both high CBAM trade exposure and
high FDI exposure. Morocco and Oman also have higher-than-median
FDI exposure; Oman combines this with higher trade exposure, whereas
Morocco’s trade exposure is lower than the median.

Across these sectors, some countries are not necessarily FDI-exposed but
are trade-exposed (such as Bahrain, Egypt), whereas others (including
Jordan, Qatar, Saudi Arabia, and Tunisia) have trade exposure levels
below the median. In many other MENAAP countries, FDI accounts for
a meaningful share of gross output, yet their export exposure remains
minimal. These patterns underscore that only a few countries (such as
Algeria and Morocco in cement, and Algeria and Oman in fertilizer)
present the combination of trade and FDI exposure that could position
them to leverage FDI in adapting to CBAM-related challenges.

FIGURE 2.9

In MENAAP, Most Countries in the Cement and Fertilizer
Sectors Have Limited FDI and Low Export Exposure, Though a
Few Stand Out
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FIGURE 2.9

In MENAAP, Most Countries in the Cement and Fertilizer
Sectors Have Limited FDI and Low Export Exposure, Though a
Few Stand Out (continued)
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Sources: World Bank calculations based on fDi Markets data and the International Trade and
Production Database for Simulation (ITPD-S).

Note: Graphs depict the relation between the Carbon Border Adjustment Mechanism
(CBAM) Trade Exposure Index and foreign direct investment (FDI) exposure (in logarithms)
measured as the amount of announced capital expenditure in greenfield investment per
unit dollar of domestic output between 2016 and 2018. Log transformations are in base

10 and add a constant of 1e-5. Dotted lines represent median values for each variable.
International Organization for Standardization (ISO) country codes available at https://
www.iso.org/obp/ui/#search. MENAAP = Middle East, North Africa, Afghanistan, and
Pakistan; RoW = Rest of the World.

MENAAP firms integrated into EU value chains in sectors such as
textiles, agriculture, and raw materials are also subject to the EU CS3D
which extends due diligence requirements across participating firms in
those chains. This increases sustainability and human rights compliance
obligations and may reduce EU market access for affected MENAAP
firms (see box 2.2).


https://www.iso.org/obp/ui/#search�
https://www.iso.org/obp/ui/#search�
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BOX 2.2

The Corporate Sustainability Due
Diligence Directive (CS3D) of the
European Union (EU), effective July
2024, requires large companies with over
1,000 employees and annual net turnover
above €450 million (globally for EU firms
or within the EU for foreign firms) to
address human rights and environmental
impacts across their operations and

value chains in sectors such as textiles,
agriculture, and raw materials. Companies
must implement due diligence processes
to prevent, mitigate, and, where necessary,
remediate negative impacts on human
rights and the environment, with penalties
for noncompliance. Additionally, they
must develop plans to align with the

1.5 degrees Celsius global warming limit,
setting climate targets for 2030 and every
five years up to 2050 based on scientific
evidence.

The regulation will have the greatest
impact on countries whose companies
generate significant export revenues in
the EU or are integrated into EU value
chains and do not comply with human
rights and environmentally related
requirements. The global value chain
(GVC) exposure data reveal that only

a small share of exporting firms in the
Middle East, North Africa, Afghanistan,
and Pakistan (MENAAP) region will be
directly subject to the directive, but a
large share will be affected indirectly (that
is, exports to non-EU countries that are

EU Corporate Sustainability Due Diligence

ultimately destined to the EU through
supply chains). (For the agriculture and
mining and quarrying sectors, refer to
figure B2.2.1 and for the remaining
sectors, refer to annex 2@G).

Libya’s GVC exposure to the EU CS3D
records 64 percent of gross mining and
quarrying output and 21 percent of gross
metal products output. Morocco is the
most exposed in agriculture and Tunisia
in petroleum, chemical and nonmetallic
minerals, and textile and apparel. This
trade exposure reflects MENAAP
countries’ comparative advantages, their
trade relationships with the EU (for
direct exports), and their integration
into global supply chains (for indirect
exports). Estimating the impact of the
EU CS3D on a specific country and
sector would require a detailed firm
analysis capturing firms’ gaps relative to
EU requirements, adjustment costs, and
their implication on sales.

The CS3D’s rigorous environmental and
human rights due diligence requirements
might initially slow down EU investments
in MENAAP. However, it could lead

to more responsible foreign direct
investment (FDI) as companies upgrade
their supply chains and practices to meet
EU standards. This may boost FDI in
sectors meeting EU sustainability criteria
and reduce investments in noncompliant
industries.

(continued)
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BOX 2.2 (continued)

FIGURE B2.2.1

Mining and Quarrying Is the MENAAP Region’s Most Exposed Sector to EU CS3D

a. Mining and quarrying
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Note: The global value chain (GVC) exposure index follows the indicator developed by Arvis et al. (2025) using the
methodology of Baldwin et al. (2022). Using the 2022 EORA global supply chain database, GVC exposure to the
European Union (EU) is the sum of direct exports to the EU and indirect exports to the EU over domestic output of
products. CS3D = Corporate Sustainability Due Diligence Directive; MENAAP = Middle East, North Africa, Afghanistan,
and Pakistan.
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NOTES

11.

12.

13.

. This analysis covers a sample of 14 countries in the MENAAP region:

Algeria; Bahrain; Egypt, Arab Rep.; the Islamic Republic of Iran; Jordan;
Lebanon; Libya; Morocco; Oman; Pakistan; Qatar; Saudi Arabia; Tunisia;
and the United Arab Emirates.

. “Direct emissions” (scope 1) refers to emissions generated directly

from the production processes of CBAM goods. They include
emissions from the production of heating and cooling used during
these processes, regardless of whether the heating or cooling is
produced on-site or off-site. “Indirect emissions” (scope 2) are the
indirect emissions that come from purchased energy such as electricity,
heat, or cooling by the company.

. Note that credits are provided for direct taxes on carbon, not for indirect

carbon taxation. Fuel excise taxes are an indirect carbon taxation because
the tax is on the value, not on the carbon content.

From 2026 to 2034, there will be a gradual phaseout of ETS free
allowances for CBAM sectors. CBAM will be gradually phased in
according to the following factors: 0 percent in 2026, 2.5 percent in 2027,
5 percent in 2028, 22.5 percent in 2029, 48.5 percent in 2030, 61 percent
in 2031, 73.5 percent in 2032, and 85 percent in 2033. From 2034, free
allowances will be fully phased out, and the CBAM will apply at

100 percent, meaning importers will bear the full carbon cost as if they
were under the ETS.

The European Commission provides a markup that is an extra percentage
added to the default value so that using defaults is deliberately more
conservative (higher) than using verified actual emissions, which
encourages reporting installation-specific data.

As in the case of a firm, a sector’s exposure to CBAM is determined by its
relative emission intensity and its export orientation to the EU.

To prevent any misinterpretation, the analysis includes countries whose
export values exceed US$1 million for each CBAM sector.

BACT is a database of the Centre for Prospective Studies and International
Information (CEPII): https://www.cepii.fr/CEPII/fr/bdd_modele/bdd
_modele_item.asp?id=37.

. The analysis was done by January 2026.
10.

Emission intensities can fluctuate over time, vary across firms, and depend
on data collection methods and sample coverage, which may affect the
accuracy and interpretation of competitiveness outcomes.

The sample used in the CGE modeling includes 12 countries: Algeria,
Bahrain, Egypt, the Islamic Republic of Iran, Jordan, Kuwait, Morocco,
Oman, Qatar, Saudi Arabia, Tunisia, and the United Arab Emirates.
Emission intensity data are from European Commission (2025a), and the
model is from McDougall and Golub (2007).

The EU grants free allowances to its domestic producers, so they pay the
ETS carbon price only on production exceeding those allowances, and
these free allocations are to be phased out as CBAM is implemented.


https://www.cepii.fr/CEPII/fr/bdd_modele/bdd_modele_item.asp?id=37�
https://www.cepii.fr/CEPII/fr/bdd_modele/bdd_modele_item.asp?id=37�
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14.

15.

16.

17.

18.

19.

20.

21.

22.

Because raw emission intensity is provided at Harmonized System (HS)
6-digit level by European Commission (2025a), the emission intensity of
sectors such as aluminum, cement, fertilizer, and iron and steel was
weighted by export quantity to the EU.

In the case of sectors for which emission data are available but are outliers,
values are replaced with trade weighted regional average emission
intensity.

The alternative data are from an independent monitor of GHG emissions
data, Climate TRACE (Tracking Real-Time Atmospheric Carbon
Emissions), https://climatetrace.org/.

The concepts of total carbon payment in table 2.1 and in figure 2.2

(panels a, d, g, and j) are the same, but the numbers vary slightly because
the CGE analysis only covers raw and semifinished or finished products,
whereas the data in figure 2.2 cover all HS codes from the CBAM
legislation, including downstream products such as nuts and bolts.
Welfare or equivalent variation is a monetary measure of how much a
consumer would be willing to pay to avoid a price change, or conversely,
how much they would need to be compensated for a price change to
maintain the same level of utility. It’s essentially the change in income that
would produce the same welfare effect as the price change.

In December 2019, the European Commission proposed a CBAM for
selected sectors as part of the European Green Deal (European Parliament
Legislative Train, 2025). For additional details, go to https://www
.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file
-carbon-border-adjustment-mechanism.

The regression analysis focuses on potential anticipation effects of

CBAM on FDI announcements, using the 2019 discontinuity when the
program was first announced. The analysis does not account for
subsequent design changes to the EU ETS and CBAM between 2019 and
2025, nor for fluctuations in the EU ETS price, which determine the
effective cost of CBAM for firms. Future work could build on these
dimensions by exploiting variations in ET'S price movements or policy
reforms as exogenous shocks, as well as by controlling for sectoral
differences in energy efficiency and broader shocks such as the COVID-19
pandemic, to strengthen identification.

Meng (2017) uses a similar approach, leveraging the failed Waxman-
Markey Bill in the United States during 2009-10 to assess stock returns on
firms whose carbon emissions are just around the threshold. Kruse et al.
(2024) use the signing of the Paris Agreement as a quasi-natural
experiment to evaluate the stock market response to firms engaged in
green activities. Both studies observed significant effects on stock returns.
This suggests that policy announcements can influence markets before
implementation and that market participants may possess local
information, which can provide sufficient statistics to evaluate the
potential benefits or costs of the policy.

The Gulf States’ pivot to low-carbon metals manufacturing positions them
advantageously ahead of EU carbon tariffs in 2026 (Benny 2024).


https://climatetrace.org/
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-carbon-border-adjustment-mechanism�
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-carbon-border-adjustment-mechanism�
https://www.europarl.europa.eu/legislative-train/theme-a-european-green-deal/file-carbon-border-adjustment-mechanism�
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CHAPTER 3

Building Resilience and Seizing
Economic Opportunities

INTRODUCTION

The Middle East, North Africa, Afghanistan, and Pakistan (MENAAP)
region is highly exposed to climate-related issues. Stressors have been
affecting the region for a long time, including the following:

* Freshwater availability is now below the “absolute water scarcity”
threshold in more than half of the countries in the region.t

* Rising temperatures intensify desertification in the Arab Republic of
Egypt, Iraq, Jordan, Pakistan, and the Republic of Yemen,
contributing to crop losses and higher energy demand for cooling.
Extreme heat (days whose maximum temperature exceeds
35 degrees Celsius) adversely affects firms, leading to decreased
productivity, reduced jobs, and increased operational costs (as
discussed in chapter 1).

* Longer and more severe droughts threaten the rainfed agriculture that
supports rural livelihoods, also leading to reductions in sales, labor
productivity, and investment at the firm level (Gatti, Onder
etal. 2025).
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* Flooding and sea level rise pose growing risks: For example, Egypt’s
Nile Delta alone could see damages equivalent to 1 percent of gross
domestic product (GDP) annually by 2030 due to sea level rise
(World Bank 2022a).

"These hazards, documented across World Bank Country Climate and
Development Reports (CCDRs),? will impose mounting economic and
social costs. By 2040, under current policies used as a baseline, countries
could face potential GDP losses ranging from about 1-2 percent
(Lebanon) to 4-5.5 percent (Pakistan), with lower-income economies
and those in hotter climates experiencing the greatest impacts. These
losses come at a time when exogenous regulatory changes are
implemented, such as new trade policies implemented by the European
Union (EU): the Carbon Border Adjustment Mechanism (CBAM) and
the Corporate Sustainability Due Diligence Directive (CS3D), as
discussed in chapter 2.

While complex, such an environment will still provide opportunities to
invest and accelerate development in MENAAP. All risks cannot be
offset, but high returns can be obtained provided key policy changes
are implemented. For example, research suggests that investments in
adaptation may create or protect the equivalent of 25 million jobs
across a sample of 49 low- and middle-income countries (World Bank
2025d). With this background in mind, this final chapter delves into the
policies required to help firms become less vulnerable to increasing
temperatures, increase productivity, and comply with new regulatory
requirements in the markets of high-income economies, therefore
keeping MENAAP economies moving forward.

Three broad types of policies can help in this regard:

o Improving access to finance (A2F) and the business environment,
especially for smaller firms, will be key. This will require specific
new interventions but also continuing to implement foundational
policies that deal with more traditional issues in this region
(World Bank 2022¢g, 2025a, 2025c¢).

)«

* Supporting firms’ “green competitiveness” by fostering decarbonization
will also be needed to ensure continuous market access.

o Fostering the economic opportunities that will arise from the move
towards increased sustainability will better position the region’s
firms to seize those opportunities if the suggested policy changes
have been implemented.
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FINANCING THE ADOPTION OF GREENER
TECHNOLOGIES

Meeting the challenge of a changing climate is largely an issue of
technological adoption. Measures such as adapting to increased
temperatures with improved cooling systems, fostering energy
efficiency by using better equipment and processes, having heat-
resistant buildings, or creating a “heat-proof” value chain rely on the
adoption of new, greener technologies. Similarly lowering carbon
emissions from production processes also relies on the use of newer
technologies. The adoption of technologies by firms is a complex
process that relies on many factors such as the expected returns of a
new technology, the readiness of the firm (in terms of human resources
and managerial capacities), the intensity of competition, the regulatory
landscape, information on available technologies, and the availability of
financing (Cirera et al. 2022).

Challenges from Weak Access to Finance

Financing is critical for adopting greener technologies, but the region
faces serious A2F challenges. World Bank Enterprise Survey data show
that close to 25 percent of firms in the region identify A2F as a “major”
or “very severe” constraint, against about 23 percent worldwide.

The constraint is more important for smaller firms (refer to

annex 3A, figure 3A.1). Small and medium enterprises (SMEs)

are especially affected because they receive only 7 percent of

banks’ credit, with the largest corporates absorbing most of the
financing (Dornel et al. 2020).2

Weak A2F amplifies the impact of climate shocks, reflecting failures on
both the supply and demand sides of financial markets. On the supply
side, lending institutions (and increasingly insurance companies)
remain reluctant to extend credit (insurance) to firms, particularly the
micro, small, and medium enterprises (MSMEs) that constitute the
backbone of economies in the region. This reluctance reflects structural
weaknesses in credit infrastructure, including weak insolvency regimes,
underdeveloped collateral frameworks, and limited credit information
systems, combined with antiquated lending practices that continue to
rely heavily on collateral-based lending (refer to annex 3A, figure 3A.2).
Risk perceptions toward MSME:s are already high, but banks’ growing
focus on climate-related exposures is further accentuating this bias:
firms in locations vulnerable to climate events are increasingly subject
to higher interest rates or outright credit rationing.*
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On the demand side, long-standing bottlenecks such as weak
governance, limited transparency in financial reporting, and low levels
of equity constrain firms’ ability to access financing. These constraints
are compounded by limited awareness of adaptation and mitigation
options and as mentioned above, by the high up-front costs of available
solutions. As a result, climate vulnerability not only raises the cost of
capital but also restricts the financing available for investment in
resilience (Kling et al. 2021). Addressing these challenges will require
scaling up “green” A2F through policy measures aiming at deepening
financial intermediation in general and promoting the right set of
standards and innovative financial instruments.

Financial Products to Improve A2F

Developing innovative and customized financial instruments will be
important to overcome A2F limitations. Financial products for green
and low-carbon technologies answer several needs:

o They can belp correct market failures such as environmental externalities.
Because emitters do not bear the full social cost of greenhouse gases
(GHGs), private rates of return on such projects are typically too

low.

o They belp correct underinvestment in innovation. Knowledge
spillovers often mean firms underinvest in research and

development and the adoption of new technologies (Jaffe et al.
2004).

* They can steer technical change, countering path dependency by
helping economies to move out of established high-carbon
technologies (Acemoglu et al. 2012; Aghion et al. 2016).

o They can belp addyess bigh up-front costs and long payback times, because
many clean technologies (for renewables, energy efficiency, and
industrial decarbonization) are capital intensive and face cash-flow
risks related to the technology and the policy environment
(IRENA 2016; World Bank 2025b).

o They help address information asymmetries as investors often have
difficulties in assessing the environmental integrity and financial
performance of “green” projects (OECD 2022).

Although green finance largely remains at an early stage in MENAAP?
several emerging initiatives suggest that the region has the potential to
unlock capital at scale.
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Green taxonomies (GTs). These taxonomies are a critical
classification tool providing financial markets with information on
sustainable business activities and guidelines for identifying them.
They can support climate-informed risk analysis and facilitate the
certification of green assets. Globally, only about 10 percent of
emerging markets and developing economies have GTs in place
against 76 percent of high-income economies (World Bank 2024a).
By December 2025, only Pakistan had a functioning GT in MENAAP.
However, countries such as Egypt, Iraq, Jordan, Morocco, Tunisia,
and the United Arab Emirates are currently preparing their own.
Besides the technical design of GT5, a broad inclusion of all
stakeholders, especially smaller enterprises, is key for adoption, which
itself could be made easier if G'Ts mirror the country’s existing
economic classifications.

Green and sustainable finance instruments. The issuance of green
loans, green bonds (refer to annex 3A, figure 3A.3), sustainability-
linked bonds, and transition bonds (see box 3.1), customized to firms’
specific characteristics, is important to support firm performance,
reduce the cost of capital, and increase transparency (Flammer 2021;
Tang and Zhang 2020; Wang et al. 2020; Zerbib 2019). Their use in
the region is still limited, mainly driven by state-owned enterprises
(SOEs) and out of reach for most SMEs. Still, green sukuk (a type of
Islamic bond where the proceeds are used to fund specific
environmentally sustainable projects) worth a total of US$6.5 billion
were issued in the region in 2023, representing more than half of all
global green sukuk (Emirates News Agency 2024). The same year,
Saudi Arabia and the United Arab Emirates dominated the green bond
league tables, accounting for a combined 77 percent of total issuances
in the region.

"To ensure greater use, G'Ts must first be in place, followed by measures
to stimulate the markets (such as fee reductions and tax incentives to
encourage issuance to SMEs); to ensure market integrity (through
appropriate disclosure, reporting, and independent verification and
certification mechanisms); and to build capacity while preventing
greenwashing through appropriate enforcement measures.

Climate insurance. Climate-driven acute risks (extreme heat events,
floods, and droughts) are a major source of uncertainty in the region.
They can have consequences spanning capital stock destruction
(including building damage), indirect economic losses (such as business
interruption), and transmission to the financial sector (for example,
nonperforming loans and impact on banks’ balance sheets).
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BOX 3.1

Green bonds have been increasingly issued
by firms with clear green projects and
are subscribed to by investors who want
to align their investments with the goals
of the Paris Agreement. For firms that
operate in brown sectors and do not
want to tie the use of proceeds to specific
green projects—which can be the case

of many large firms in the Middle East,
North Africa, Afghanistan, and Pakistan
(MENAAP)—the use of green bonds to
decarbonize their value chains can be more
constraining because of the reporting
requirements. For those firms, the use of
sustainability-linked bonds and transition
bonds can be more useful.

Sustainability-linked bonds are bonds
whose coupon rates are contingent on
the achievement of predefined specific
sustainability (environmental, social, and

governance [ESG]) goals. The coupon

Different Uses of Green and Sustainability-Linked Bonds

rate decreases if the issuer achieves the
predefined goals and increases otherwise.

Transition bonds, on the other hand, are
issued by firms in carbon-intensive
sectors (energy, mining, industry,
transportation) to finance their shift
toward cleaner activities without
necessarily linking the coupon to specific
sustainability targets. Those companies
are usually in the early stage of their low-
carbon transition and lack mature green
projects that can be eligible for green
bond issuance.

To further develop these markets in
MENAAP, it is essential to encourage the
issuance of local currency-labeled bonds,
which can help diversify the investor
base and reduce the currency risk and
the cost of capital while supporting small
and medium enterprises’ access to green
finance.

Developing climate and disaster risk financing instruments and

frameworks—in particular, insurance—can help reduce the

subsequent financial burden on firms. It can also help de-risk firms’
adaptation investments. Banks may be more likely to lend to firms
with climate insurance because they will be protected for potential
losses. The provision of these instruments should be part of
broader financial packages, combining them with savings,
payments, and credit instruments within a consolidated “A2F”
approach.

Yet, supply alone is inefficient if not met with demand, and national
regulators should work with the insurance sector to sensitize and build
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firms’ capabilities to better understand how insurance can help de-risk
their assets and protect their revenues from climate risks. Overall,
close collaboration in the form of public-private insurance

programs can help operationalize climate insurance programs
(Adam et al. 2025).

Concessional finance. Concessional finance (capital offered at more
favorable terms than the market) is a key enabler of the climate
transition. It can take the form of debt, equity, grants, guarantees,
technical assistance, or a combination thereof, and can be deployed to
de-risk projects through financial innovation, build institutional
capacity, and overcome initial cost barriers. Global flows of
concessional finance have increased substantially, reaching nearly
US$81 billion in 2022 compared to US$54 billion in 2019

(Naran et al. 2024). However, the region remains underserved, having
received on average only about 3—4 percent of available concessional
climate finance.

The challenge is not solely one of availability. It also reflects limited
capacity within public authorities, public banks, and relevant ministries
to design and structure transactions that can maximize the mobilization
of private capital (including domestic) while minimizing the use of
scarce donor or public funds. Strengthening this capacity will be critical
to ensure that concessional finance is leveraged effectively—alongside
efforts to build a pipeline of bankable projects, improve access to
information on climate finance sources, and streamline legal
frameworks and application procedures to reduce processing times and
administrative hurdles.

Complementary Interventions to Support Green Finance

Several complements are required to scale up financing of green
investments throughout MENAAP.

Mobilizing domestic savings. To scale up green investments while
shielding them from external shocks associated with foreign currency
debt, it is important to mobilize domestic savings. Existing domestic
savings in MENAAP are usually invested in foreign assets or abroad
rather than within the local economies. In the region, total net foreign
assets acquired are estimated at US$2.8 trillion over 2004-23 (Volz

et al. 2024).7 These are investments in foreign economies that could
have been invested domestically to support adaptation and mitigation
projects.
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Mobilizing domestic savings can be encouraged by enhancing financial
inclusion; promoting competition (reducing state-owned banks’
dominance and improving market contestability); leveraging
technology (such as mobile banking and digital payments); and
improving regulations (including tax incentives for increased savings)
(Arezki and Senbet 2020; World Bank 2021a).

Deepening financial intermediation. To promote financial
innovation as well as allocative efficiency, a deepening of financial
intermediation is also needed. MENAAP is lagging in these
dimensions. Overcoming these issues will require strengthening
regulatory frameworks related to credit infrastructure, consumer
protection, and transparency in financial transactions while promoting
financial literacy, expanding digital payments, and providing targeted
support to SMEs by improving both their capabilities and those of
banks (IFC 2017).

Developing data infrastructure and disclosure standards. The
backbone for these new tools is development of data infrastructure and
disclosure standards. Improved data will help structure deals by
generating climate risk information and firm-level vulnerability
profiles. Sustainability reporting is not yet widespread, but a few
countries are moving forward.2

Beyond the need to enact appropriate regulations, the lack of internal
skills and sustainability expertise remains a major challenge

(PwC 2024). Hence, regulators should develop climate-related
disclosure standards for firms, have internal units dedicated to climate
risks and green finance, and develop practical guidelines so all firms,
including SMEs, can implement them.

ENHANCING THE BUSINESS ENVIRONMENT TO
SUPPORT ADAPTATION

Although countries in MENAARP all have some form of environmental
regulations, their enforcement, scope, and ways of implementation vary
greatly.

Climate-Oriented Regulatory Policies

"To foster the ability of firms to adapt to the evolution of climate,
countries must change a broad range of regulations. Hence, when
needed, company laws and firm creation regulations should
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systematically include harmonized environmental, social, and
governance (ESG) standards, and clear sustainability and
decarbonization considerations should become part of all existing

(or new) investment laws and investment codes. Further, climate
regulation should provide clear, simple, and practical standards for
energy-efficient, heat-resilient buildings (with stricter provisions for
vulnerable locations) as well as decarbonization of production processes.

"To curb administrative burdens, licensing and permitting processes
should also be streamlined. For example, introducing risk-based
approaches to providing construction permits (with a differentiated
approach for more or less vulnerable areas) would help firms deal with
heat issues. Besides these horizontal interventions, other specific
approaches can provide a framework to support adaptation and
decarbonization.

Regulatory changes are sometimes bundled within broader green
industrial policies. Between 2017 and 2023, industrial policy use
increased significantly, with high-income economies driving most of
this growth (Ohnsorge et al. 2024). New objectives for industrial
policies increasingly include adaptation and the transition to a low-
carbon economy.” For the region (excluding Afghanistan and Pakistan),
the greatest number of industrial policy measures announced over
2018-23 (17 percent of them) concern regulations, according to data
from the World Bank’s Green Transition Policy Database. Regulations
typically focus on green standards and conformity assessments,
reporting and disclosure requirements, and auditing. These categories
are followed by frameworks and strategies (14 percent) and
environmental taxes and fees (12.5 percent).X

Keeping in mind, as shown in chapter 1, that heat tends to have a
greater negative impact on SMEs and enterprises not connected to
global value chains (GVCs), regulatory policies should pay special
attention to these categories of firms. The focus should thus be on
supporting SMEs and helping firms connect with larger enterprises to

be part of GVCs.

Location-Specific Policies

Constraints undermining the private sector’s capacity and incentives to
adapt and decarbonize are difficult to overcome, even more so for
SMEs. Adaptation to heat and other climate challenges, as well as the
use of low-carbon technologies, often require significant capital
investment to benefit from economies of scale, necessitating collective
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action to reduce fixed costs. Coordination failures can arise from
misaligned incentives—particularly, for example, when SMEs do not
own their assets (such as buildings) or face information asymmetries
(such as monitoring of emissions or resource efficiency).

Eco-industrial parks (EIPs) can help improve resilience to heat and
support decarbonization. With the adequate policy and regulatory
framework, EIPs can reduce the financial burden on firms,
especially SMEs, by investing in common infrastructure and shared
facilities. Among the MENAAP countries, Egypt, Jordan, Morocco,
Pakistan, and Tunisia have an extensive network of industrial and
investment zones that can be leveraged to facilitate greater resource
efficiency, reduce emissions, and promote heat adaptation
mechanisms (such as turnkey heat-resistant buildings and adapted
cooling solutions). The Tangier automotive cluster in Morocco
serves as a prime example of how industrial zones can adopt eco-
friendly practices (see box 3.2).

BOX 3.2

The government of Morocco aims to
reduce by 53 percent its greenhouse gas
emissions by 2035. Industrial zones are
associated with significant opportunities
to reduce the carbon footprint. Former
free trade zones are being redeveloped

as industrial acceleration zones (IAZs)

to strengthen the export-oriented
manufacturing ecosystem, which has been
successful in expanding the country’s
automotive and aerospace industries. IAZs
offer tax advantages, allow for local sales,
and provide relevant support services
(turnkey buildings, security, maintenance,
and information technology).

Two pilot IAZs—the Tangier Automotive
City (TAC) and the Tangier Free Zone

Source: Kechichian and Shin 2025.

Morocco: Green Competitiveness in Industrial Acceleration Zones

(TFZ)—originally exhibited an average
carbon intensity above peers (such as
similar zones in Tirkiye). TAC, which
hosts more than 150 automotive firms,
is developing several green projects.
These initiatives include renewable
energy projects, energy efficiency
measures, heat management, and waste
management. The TFZ is home to firms
in automotive, aeronautics, electronics,
textiles, agroindustry, and related services.
It is pursuing decarbonization through

a green transition strategy, focusing on
reducing emissions from key industries
and implementing renewable energy
sources.
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Implementing EIPs is complex and depends on country specificities.
Typical success factors include an enabling legal framework; demand-
driven planning relying on public-private dialogue; effective zone
promotion and governance with clear objectives; alignment with
relevant energy, environmental, and labor policies (at both the national
and international levels); and a credible and efficient monitoring and
evaluation mechanism (Kechichian and Shin 2025).

Necessary Conditions: Supporting Market Competition
and Competitive Neutrality of SOEs and SOBs

In MENAARP, climate action will require a broad public sector
approach as SOEs play a large economic role. First, the state is an
owner across many high-emitting sectors. In five countries included in
the World Bank’s Businesses of the State (BOS) database of firms with
direct or indirect state ownership,! there were 297 enterprises in
carbon-intensive sectors,!2 accounting for about US$41.5 billion in
revenues. Second, some of these firms are also vulnerable to changes in
climate, especially in infrastructure and network industries. Across the
five countries (Egypt, Jordan, Lebanon, Morocco, and Tunisia), 4,858
such firms were operating in climate-vulnerable sectors,” accounting
for US$124.8 billion in revenues and 826,300 employees (refer to
annex 3A, figure 3A.4).

The BOS-listed firms and their (implicit and explicit) advantages can
slow adaptation and decarbonization by limiting market mechanisms
(World Bank 2023a). When they receive preferential treatment or
dominate the market, they may deter private sector investors from
engaging, hence weakening productivity and competitiveness. These
market distortions can lower the private sector’s readiness to adapt,
innovate, and invest in low-carbon technologies. In addition, the weak
financial capacity of many BOS-listed firms impairs their own ability to
engage in and mobilize financing for adaptation and decarbonization.

Reforms are thus needed to support competition and market
mechanisms. This need implies setting up measures to foster
competition but also including climate objectives in the governance
framework for BOS firms. They must also be encouraged to adopt
carbon accounting and monitoring systems, publish climate objectives,
and facilitate monitoring and oversight. They could further be
leveraged to spearhead the adoption of sustainability standards and of
climate-related disclosure in annual reports. Demand for low-carbon
industrial products could also be enhanced through green procurement
by public entities, including BOS firms.
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In Morocco, the phosphate industry is leading the way with an
ambitious climate strategy. The state-owned OCP (Cherifien Office of
Phosphates), a world leader in the phosphate industry, has already
reduced its carbon footprint considerably and has set the objective of
reaching carbon neutrality by 2040. This is timely given the appearance
of CBAM requirements on the EU markets.

FOSTERING GREEN COMPETITIVENESS TO SUSTAIN
ACCESS TO EUROPEAN MARKETS

Time is of the essence for countries in the region to adapt to the EU and
UK CBAMs and the EU CS3D policies. The EU CBAM has been fully
effective since January 1, 2026; the UK CBAM will be effective on
January 1,2027; and the EU CS3D entered into force in July 2024. Other
low- and middle-income countries have already initiated preparations to
adapt to these policies.!* Several policies can be considered in response to
the EU and UK CBAMs as well as the EU CS3D to mitigate their impact
and make the most of market opportunities. These policies can be
grouped into two categories: policies to boost competitiveness and the
introduction of a direct carbon pricing mechanism.

Boosting Competitiveness Through Compliance with
Upcoming Climate Regulations

Governments can help firms boost their “green” competitiveness in
three ways: helping firms to comply with new requirements,
implementing climate mitigation and trade policies, and reforming fuel
subsidies.

Helping Firms to Comply with New Regulations

Strengthening national quality infrastructure—metrology,
certification, and accreditation—and raising green and social
standards will enable firms to prove compliance with European
requirements. The strengthening of carbon certification will enable
firms to trace and certify their carbon content so that CBAM
payments are based on their actual carbon emissions rather than on
higher default values. The strengthening of the quality of
infrastructure and the upgrading of green and social standards will
reduce the cost for firms of proving compliance with the green and
social requirements of the EU’s CS3D.
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The restructuring of affected sectors to comply with the new
requirements and regain their competitiveness in the European
markets will require government assistance to firms and workers.
This includes assisting sectors in aligning with the environmental and
social standards of trading partners and helping workers who lose
their jobs in the adjustment to transition to new jobs. Such measures
will help speed up the adjustment process and reduce negative
impacts.

Implementing Climate Mitigation and Trade Policies

The implementation of climate mitigation policies and trade policies
that promote green goods and services (including clean energy
sources) will help boost the carbon competitiveness of MENAAP
firms in the European market. This involves implementing policies
that help meet Nationally Determined Contributions commitments
under the Paris Agreement and facilitate the transition to lower
greenhouse gas (GHG) emissions, promote renewable energy, and
minimize social and environmental harm.

Applying energy policies that support clean energy sources through
nondiscriminatory, transparent, time-bound, and monitorable
incentives for renewable energy projects would reduce firms’ reliance
on fossil fuels and increase their carbon competitiveness. Reducing
tariffs and nontariff measures, value added tax (VAT), and withholding
taxes on green imports of capital goods, intermediate inputs, and
services would promote their import, which in turn would enhance
carbon and environmental competitiveness of exports (Maliszewska
etal. 2025).

Reforming Fuel Subsidies

In addition, pursuing fossil fuel subsidy reforms promotes carbon
competitiveness because it encourages efficiency and discourages
overconsumption. Fossil fuel subsidies artificially lower prices, typically
induce overconsumption, lead to higher carbon-intensive output, and
represent a significant fiscal cost, draining resources that could have
been used otherwise. In MENAAP (excluding Afghanistan and
Pakistan), explicit fossil fuel subsidies (that is, when the retail price is
below a fuel’s supply cost) were the equivalent of 19 percent of GDP

in 2022 (IMF 2025).

A phaseout of subsidies would promote energy efficiency, encourage
investment in cleaner production methods, and reduce the carbon
intensity of exports. This will help lower CBAM-related payments.
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Phasing out subsidies would also generate revenues that can be used to
cushion vulnerable groups through targeted support. Reforming fuel
subsidies is however a politically sensitive topic.

The political economy around the phaseout of fossil fuel subsidies has
been prominent in the region. Similar issues are also associated
overall with the introduction of a carbon tax. The various attempts to
reform subsidies in countries such as Egypt, Jordan, Tunisia, and the
Republic of Yemen (AA 2018; Hamaizia and Moerenhout 2022)
illustrate the fiscal necessity but also the political sensitivity of these
measures. In these countries, reductions in fuel and electricity
subsidies sparked protests, often leading governments to delay or
partially reverse reforms. These cases show how subsidy reform and
carbon pricing policies are deeply intertwined with social contracts in
the region.

Experience suggests that reforms are most effective when presented as
part of a comprehensive package, with clear communication and
compensatory measures that emphasize fairness and social investment.
Morocco stands out as an exception in the region, as it paired energy
subsidy reform with a broad communication strategy and direct cash
transfers or targeted social programs to protect vulnerable groups.

In contexts where political unrest is likely in specific sectors, second-
best approaches may be preferable. “Feebate” mechanisms, for instance,
tax inputs based on their carbon content and rebate revenues to firms
according to their outputs, thereby aligning incentives without creating
major losers. Subsidy reforms operate in a similar way: by raising fuel
prices, they effectively increase costs in proportion to consumption; the
more fuel a firm or household uses, the more it pays. If revenues from
these reforms are then redistributed on the basis of outputs (for
example, kilowatt-hours produced in the power sector), efficiency is
rewarded and renewable energy is not penalized.

International experience points to a number of successful components

of subsidy reform (see box 3.3). They typically include:

* A comprehensive sector reform plan with clear long-term objectives;
* ‘Transparent communication and consultation with stakeholders;

* Phased-in price increases;
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¢ Institutional reforms that depoliticize energy pricing (such as the

introduction of automatic pricing mechanisms);

¢ Improvements in SOE efficiency to reduce the need for producer

subsidies; and

¢ Targeted and efficient measures to protect vulnerable populations.

‘ BOX 3.3

The Arab Republic of Egypt: Proactive Steps
for Fiscal Savings and Social Benefit

In 2014, detying political and economic
challenges, Egypt’s fossil fuel subsidy
reform eased fiscal pressures, with the
budget deficit falling from 12.9 percent
to 8.1 percent of gross domestic

product (GDP) between 2013 and 2019.
It has also encouraged greater private
investment in clean energy, with solar
and wind generation growing almost
threefold between 2014 and 2019. Strong
government ownership and cross-sectoral
coordination underpinned the reforms,
supported by transparent communication
with the public and international partners
on the costs of the subsidies.

Fiscal savings were redirected to
strengthen social protection, including
expanding food subsidies and doubling
benefits under the Social Solidarity
Pension, which helped protect vulnerable
households. Broader energy sector policies
reinforced these gains, most notably the
2015 Electricity Law and 2017 Gas Law,

Learning from Successful Fossil Fuel Reforms: Shifting to Social Spending for
Equity and Mitigation of Risks of Political Unrest

switching fuel toward cleaner and more
efficient sources, resolving cross-sectoral
arrears, improving supply efficiency,
rolling out prepaid meters and digital

tracking, and curbing unauthorized
fuel sales.

Ecuador: After Failure, Remedies to
Reinstate Subsidy Reform

After scrapping subsidies too hastily

and facing violent unrest in 2019, the
government was forced to reinstall fossil
fuel subsidies, which accounted for

more than 3 percent of GDP in 2022
(Gentilini et al. 2023). In 2024, the
government engaged in another attempt
and successfully started to phase out
gasoline subsidies. This was met with less
resistance than in earlier attempts owing to
several factors: favorable international oil
prices, cash-back payments to compensate
vulnerable groups, and improved public
communication. Once subsidies were
removed, stable and moderate global oil
prices in 2024 limited the price increases
for customers.

(continued)
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BOX 3.3 (continued)

In addition, the government introduced,
in advance, monthly cash transfers

to registered eligible recipients in

the transport sector affected by fuel

price reforms (such as registered taxis,
minitrucks, vans, and motorcycles or
scooters operating as moto-taxis). For the
same actors, retail prices were also capped,
with a maximum increase of 5 percent

and a maximum decrease of 10 percent
compared with international prices.
Effective communications redirected
vulnerable groups’ attention from the

loss of the subsidy to the gains from the
cash-back payment scheme, therefore
preventing the escalation of small protests.

Ghana: Success from Public Education

and Buy-In

In 2013, the government eliminated
subsidies on gasoline, diesel, kerosene, and
liquefied petroleum gas (LPG), amounting
to approximately US$1.2 billion or

3.2 percent of GDP (Cooke et al. 2015).
The removal was met with low resistance
because effective, transparent, and
targeted education campaigns involving a
wide range of stakeholders (institutions,
politicians, and mass media) convinced

the public that fossil fuel subsidies were
inefficient in protecting poor households.
Efforts were made to communicate that
removing fossil fuel subsidies could free up
funds for critical public investments.

Sources: Hallegatte et al. 2023; World Bank 2023b.

Fiscal savings were spent on eliminating
fees for attending primary and
secondary schools, allocating extra funds
to primary health care in the poorest
areas, and expanding access to mass
transportation and rural electrification.
The reform went further in 2023 by
eliminating price caps and allowing for
market-based determination of fossil
fuel subsidies.

Zambia: Directly Linking Subsidy Reform
and Increased Social Protection

In December 2021, Zambia’s government
removed subsidies on fossil fuels, costing
approximately 2.4 percent of GDP

(World Bank 2023b). The initial public
dissatisfaction due to rapid fossil fuel price
hikes was eased thanks to the government’s
commitment to replacing inefficient fossil
fuel subsidies with an increase in social
protection spending, raising the latter’s
(target) share in GDP from 0.7 percent in
2020 to 1.6 percent by 2025 (World Bank
2023c¢). The expansion of social programs
increased the number of recipients as

well as the amount of cash transfers,
supported free schooling, and enabled
hiring of more teachers and health workers
(mainly in rural areas). Lower fiscal outlays
from phasing out fossil fuel subsidies

also allowed the Zambian government

to reverse years of lapses in budget
sustainability.
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Direct Carbon Pricing to Retain Carbon Revenue and
Reduce Emissions Intensity

Countries in the region can retain CBAM-related revenues
domestically by establishing a direct carbon pricing mechanism,
ensuring that payments remain within the national economy rather
than being transferred overseas. The CBAM payments could be
reduced by deducting domestic direct carbon price payments to
MENAAP governments should such a carbon price be established.

Direct carbon pricing refers to carbon pricing instruments that apply a
price incentive directly in proportion to the GHG emissions generated
by a given product or activity. The primary forms of direct carbon
pricing are a carbon tax and the EU’s Emissions Trading System (ETS).

Advantages to Offsetting CBAM Costs

Governments can leverage existing taxes to introduce a direct carbon
price instrument. Because carbon emissions are proportional to fuels
used for combustion, a tax on fuel consumption can effectively serve as
a carbon price. Both carbon taxes and the ETS qualify for credit under
CBAM, but an ETS requires years to implement fully, whereas carbon
taxes can be more easily administered through existing tax systems,
allowing for an immediate response.

Leveraging existing taxes for a swift response. Because most MENAAP
countries already tax carbon indirectly through fuel excise taxes, stamp
duties, and development taxes, reclassifying these charges into a direct
carbon tax could present a first step to respond to CBAM. Strengthening
the existing excise tax system to include an explicit carbon tax on all fuels,
including natural gas and coal, would cover fuel-related emissions and a
large share of CBAM financial obligations while keeping administrative
and compliance costs low. An upstream carbon tax administration implies
few points of regulation, limiting the number of entities responsible for
collecting and delivering the tax due to the government.

Given CBAM’s phased implementation, a gradual transition to a
domestic carbon fuel tax would allow a swift response to CBAM by
covering emissions from fuel combustion and provide time for
adaptation. For instance, Argentina and Uruguay introduced a carbon
tax in March 2018 and January 2022, respectively, by converting their
indirect carbon pricing to direct carbon pricing for specific fuels
(Rabbia 2023).
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Public revenue generation. Importantly, carbon emissions represent a
significantly underutilized tax base that could boost public revenues.
Unlike traditional tax bases, such as labor or corporate income, taxing
pollution can enhance economic efficiency by correcting market
failures—internalizing negative externalities associated with air
pollution rather than discouraging productive activities.

Detailed computations performed for Egypt show the promises of this
approach. Figure 3.1 indicates that in the case of Egypt, gradually
implementing a broad-based carbon tax, when aligned with the carbon
price needed to retain revenues from the EU CBAM (that is, to offset
the CBAM certificate costs for energy-related emissions),* could
generate revenues equivalent to approximately 3 percent of GDP by
2034, when the EU CBAM is fully phased in. If Egypt also decides to
further phase out fossil fuel subsidies, as they dilute the carbon price
signal, revenues could increase by an additional percentage point of
GDP in 2034, representing more than 4 percent of GDP.

FIGURE 3.1

Potential Revenue and GDP Increases from Carbon Pricing and Taxation in Egypt,
Arab Rep., 2026-36
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Sources: World Bank calculations based on the Climate Policy Assessment Tool (CPAT) of the International Monetary Fund
and World Bank Group (Black et al. 2023).

Note: The figure illustrates projected additional revenues from carbon pricing policies in Egypt from 2026 to 2036.

The “carbon tax” scenario sets carbon prices at levels required to offset Carbon Border Adjustment Mechanism (CBAM)
obligations without accounting for the subsidies. The “total carbon pricing” scenario builds on the carbon tax approach by
also eliminating fossil fuel subsidies, price controls, and value added tax (VAT) differentials. Both scenarios factor in CBAM’s
gradual implementation. GDP = gross domestic product.
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Productivity gains. Evidence from emerging economies shows that
energy subsidy reforms can generate productivity gains. In Indonesia
and Mexico, a 10 percent increase in fuel prices was associated with a
rise in total factor productivity of 1.4 percent and 1.6 percent,
respectively, as firms shifted from inefficient fuel-powered equipment
toward more productive, electricity-powered technologies (Cali et al.
2022). Similarly, in Oman, a 10 percent increase in fossil fuel prices
raised labor productivity by 4.1-4.6 percent and boosted total factor
productivity even more strongly, reflecting firm-level efficiency gains
and investment in information and communication technology (ICT)
and production upgrading (Amann et al. 2021).

Jobs and equity benefits. The benefits of carbon taxation extend
beyond environmental goals. An economywide carbon tax on fuels can
yield significant benefits, including job creation and greater equity,
while fostering a simpler, more growth-friendly system that extends to
the informal sector. Upstream carbon taxation can have lower costs for
economic growth than conventional taxes. Covering large informal
sectors and using the revenues to substitute formal-sector taxes creates
opportunities to boost output. A broad tax base allows carbon taxation
to raise revenues more efficiently, with less negative impact on output
than conventional taxes.Z

Employment outcomes are also likely better with upstream carbon
taxes than with some conventional taxes, especially those on labor
(Elmaleh et al. 2021; Metcalf and Stock 2023; Schoder 2023;

World Bank 2022d). At the macro level, the literature shows, carbon
pricing can shift resources from capital-intensive sectors like industry
to more labor-intensive ones such as services, while also promoting
low-carbon, labor-intensive production methods. This increases
demand for labor, raising wages relative to capital returns and
enhancing equity, as capital is mostly owned by wealthier individuals
(Goulder et al. 2019; Hille and Mobius 2019; Malerba and Wiebe
2021; Moszoro 2024; Saget et al. 2020). However, at the micro level,
workers in carbon-intensive sectors will need targeted support and
transition measures.

Other development effects. For example, development co-benefits are
particularly pronounced in Egypt. By discouraging pollution-intensive
activities, carbon taxation can improve air quality, enhance public health,
and reduce social costs that come with road use, including congestion,
accidents, and road damage. These effects could be so large that many
researchers have found they may exceed the economic cost of mitigation
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(Markandya et al. 2013; Rauner et al. 2020; Scovronick et al. 2019;
Vandyck et al. 2018; Weitzel et al. 2019).

All this means that there are national economic interests for taxing
carbon, independent from its contribution to climate objectives and
reduced CBAM liabilities (Heine and Black 2019).

Upstream and Downstream Carbon Taxes

Aligning the domestic carbon price with the full coverage of the
CBAM levy can be done in two steps: introducing a carbon tax within
an existing excise tax system and introducing a complementary
downstream carbon tax.

Using an existing excise tax system to introduce an explicit carbon
tax on all fuels, including natural gas and coal, would cover fuel-
related emissions. Standard values of emissions from combustion can
be used to calculate the tax rates. Such a revised tax legislation should
thus ensure the carbon fuel excise tax applies only to fuels used for
combustion. Fuels like gasoline and diesel are primarily motor fuels,
thus noncombustion uses are negligible. However, energy products
such as coal, natural gas, and heavy fuel oil can be used in industrial
processes by means other than combustion. Small quantities can
serve as feedstock into industrial CBAM processes, which do not
emit GHGs.18 Coal, natural gas, and heavy fuel oil can also give rise
to emissions from certain industrial processes other than combustion.

A second step of a reform could consist of introducing a separate
downstream carbon tax to cover emissions from noncombustion
industrial processes and product use (IPPU),2 which would
complement the upstream carbon-based tax. This would ensure that
the carbon price instrument covers all CBAM emissions. The
downstream tax would be paid by operators of the installations engaged
in industrial production of goods, while the primary carbon tax on
combustion of fuels would be collected by fuel distributors. To avoid
complexity, administrative thresholds could be used.

ECONOMIC OPPORTUNITIES ARISING FROM MORE
SUSTAINABLE ECONOMIES

The necessary move to more sustainable economies will bring new
economic opportunities. Firms in the region should be able to seize
them if the previous key policy changes have been implemented.
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Current research, from this report and also from the World Bank’s
CCDRs, suggests the existence of opportunities linked to heat
adaptation as well as to the new trade measures in Europe that will
offer prospects for some countries in the region. Beyond these
possibilities, the development of the renewable energy market as well
as the important role of resource efficiency for the region will offer
further business opportunities.

Opportunities Linked to Heat Adaptation

Adapting to climate change will require the development of products
and services tailored to the specifics of the region. In this respect,
sustainable cooling solutions are a new critical market as temperatures
increase and extreme heat events become more frequent. Cooling is
vital for maintaining or enhancing productivity, preserving perishable
goods, and supporting health care services, thereby also benefiting
vulnerable populations.

Cooling solutions must be sustainable,?® which implies a need to
maximize reliance on so-called passive or nature-based strategies such as:

* Using materials such as cool roofs, high-albedo walls, shading, and
insulation to keep heat out (World Bank 2022e, 2022f)

* Fostering urban infrastructure like parks for shade and water
features to reduce ambient temperatures (Lee et al. 2024; World
Bank 2022f)

* Promoting climate- and tradition-informed design involving
crossventilation or courtyards (World Bank 2025e).

A second option relies on active technological solutions—prioritizing
energy-efficient air conditioning, implementing energy performance
standards, and fostering a refrigerant transition to options with low or
medium global warming potential (Ayres et al. 2020; ESMAP 2023).2

"This will create significant business opportunities for investors,
involving horticulture, construction, and manufacturing as well as
consulting and engineering. The global annual demand for cooling
solutions is projected to reach at least US$600 billion by 2050
(UNEP and IFC 2024). This growth is largely driven by active
cooling solutions, while passive strategies currently account for about
10 percent of the market. The estimated market opportunity

(figure 3.2) for the Middle East is US$46 billion by 2050 against
US$20 billion in 2023 (UNEP and IFC 2024).
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FIGURE 3.2
Estimated Evolution of the Sustainable Cooling Market, by Region, 2023-50
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Source: UNEP and IFC 2024.

Opportunities Generated by European Trade Policies

European climate mitigation policies on trade and foreign direct
investment (FDI) inflows will also offer opportunities for firms in the
region. Countries whose exports have a lower carbon intensity than the
EU average or the UK average will be in a good position to benefit
from the introduction of the EU CBAM or UK CBAM, respectively.
Countries such as Jordan and Morocco have lower carbon intensity in
aluminum production than the EU average (chapter 2), and countries
such as Oman and Qatar have lower carbon intensity in aluminum
production than the UK average (refer to chapter 2, annex 2A). Thus,
they may relatively quickly gain competitiveness in those markets,
maintain market access, and potentially increase their market share if
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they can upgrade their quality infrastructure to be able to reliably
certify the carbon intensity of their exports.

For countries with a carbon emission intensity higher than the EU
average (for instance, Egypt in aluminum or Tunisia in cement) or
higher than the UK average (for instance, Egypt in aluminum and
fertilizer and Tunisia in iron and steel), eventually regaining access to
the European markets will be a lengthier process. It will require not
only upgrades to quality infrastructure but also improvement of
production processes, a long and potentially costly endeavor.

The EU CS3D also opens opportunities for compliant MENAAP
firms to remain in EU GVCs and possibly expand their market share,
to the detriment of firms from other countries that do not. Firms that
comply with the rigorous environmental and human rights due
diligence requirements could see market opportunities to expand in
EU GVGs like agriculture, chemical and nonmetallic minerals, metal
products, mining and quarrying, petroleum, and textile and apparel,
among others.

Opportunities Linked to the Energy Sector

The development of clean energy sources will support green
competitiveness in EU markets and will also have an impact on jobs in
the region. MENAARP has a key strength for renewable energy
development: its abundant natural resources. The region benefits from
some of the world’s highest solar irradiance. Several countries—Jordan,
Oman, Saudi Arabia, and the Republic of Yemen—indeed have solar
photovoltaic (PV) capacity factors above 25 percent.?2 Further, regional
wind strengths are high. Countries such as Bahrain, Egypt, Jordan,
Oman, and Saudi Arabia have a wind capacity factor above 30 percent
(World Bank 2021b).2 Pakistan also has large offshore wind resources
with a potential for 11-21 gigawatts of offshore wind power generation

(World Bank 2024b).

Governments in the region are also proactive. For example, in
Morocco, government clean energy targets are expected to yield
25,000 new job opportunities per year (World Bank 2022c¢), while
the Egyptian government’s targets should lead to 67,000 new job
opportunities per year (World Bank 2022a, 2022b). The building,
operation, and maintenance of solar power plants (as well as wind
farms) will generate direct economic activity in construction,
metalworks, mechanical industries, engineering, and consulting.
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The required grid modernization, along with energy storage solutions,
will enable better integration of intermittent renewable energy and,
again, benefit sectors such as construction, metalworks, mechanical
industries, engineering, and consulting.

Some countries in the region, like Morocco or Tunisia, may also be
able to enter the battery production GVC. Indeed, Tunisia’s strength in
related industries—a relatively high share of its GDP comes from value
added within the electrical fittings and battery sectors—may provide a
basis for battery manufacturing in the future (IEA 2024).

Opportunities Linked to Resource Efficiency

Efficient use of resources is a cornerstone of firm-level productivity.
Given the MENAAP region’s wide variation in firm-level energy
efficiency as well as the positive link between energy efficiency and
productivity (as discussed in chapter 1), it will be critical to limit
energy grid inefficiencies and losses, use energy-efficient production
processes, and develop energy-efficient buildings (or retrofit existing
ones)—all in compliance with clearly defined energy efficiency
standards. This move toward efficiency will open multiple economic
opportunities, involving sectors such as agriculture, transport,
manufacturing, consulting, and engineering. A good example of the
current movement toward green and efficient production processes
is the 2024 agreement between Sonatrach and Tosyali Algérie

(a subsidiary of Tosyali Holding, a Turkish company) to undertake a
feasibility study to define how to produce hydrogen from renewable
energies (Veysel 2024).

Accompanying technological changes in adjacent sectors will also
open opportunities. For example, the shift toward electric vehicles
(EVs) implies that battery production for cars is now a promising
business that involves chemical and electrical industries, component
part manufacturing, construction, transportation, and energy.
Although countries in the region are mostly absent from the
upstream (raw materials extraction) part of the value chain, there
may be opportunities in the midstream segment (with the processing
of the raw materials and the creation of anodes and cathodes) as well
as the downstream segment, which involves the assembly of the
battery cells into modules, then packing and selling them to
automakers (Carreon 2023).
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For countries with limited experience in the field, FDI and technology
transfers are good ways to enter the market. Morocco is a case in point.
“Gotion Power Morocco,” a subsidiary of the Chinese-European EV
battery producer “Gotion High Tech,” is about to build a gigafactory in
northwest Morocco for a total expected investment of US$6.5 billion
(Faouzi 2025). As currently planned, the first phase of the investment
will cost US$1.3 billion. It will focus on the production of batteries and
anodes and cathodes to be exported to Europe.

NOTES

1. The Falkenmark “absolute water scarcity” threshold applies to a country
with less than 500 cubic meters of renewable freshwater resources per
person per year.

2. For individual country reports, see https://www.worldbank.org/en
/publication/country-climate-development-reports.

3. SMEs in MENAAP receive a limited amount of banks’ credit. SME
financing is mostly secured by mortgages on real estate, with high
collateral-to-loan value ratios (refer to annex 3A, figure 3A.2)—from
127 percent in Jordan up to 281 percent in the Republic of Yemen.
Women-led SMEs also face challenges. Among the 23 percent of micro,
small, and medium enterprises (MSMEs) that are led by women in the
region, 55 percent lack access to credit financing, and only 4 percent
declare being well served by financial institutions (Dornel et al. 2020).
Further, SMEs have limited access to specialized trade finance
instruments and face constraints because of Anti-Money Laundering
(AML) and Know-Your-Customer (KYC) requirements. All of this
prevents SMEs from investing significantly in adaptation and
mitigation.

4. For example, an analysis of commercial loans provided to private firms
in Mexico shows that, following a temperature shock, affected firms
faced increased challenges in accessing credit, paid higher interest
rates, and provided more collateral (Aguilar-Gomez et al. 2024).
Similarly, negative precipitation shocks in the region are negatively
correlated with having a loan or line of credit (Gatti et al. 2024;

Zaveri et al. 2024).

5. Green finance is any structured financial activity created to ensure a better
environmental outcome. It includes an array of loans, debt mechanisms,
and investments that are used to encourage the development of green
projects, minimize the impact on the climate of more regular projects, or
both (Fleming 2020).

6. Green bond league tables (updated quarterly or annually by financial
institutions) rank issuers based on the volume of green bonds they issue,
helping investors to identify leading entities in sustainable finance and to
promote transparency and accountability in green financing. Key metrics
include total issuance, the number of deals, and market share.

7. The MENAAP estimate excludes Afghanistan and Pakistan.


https://www.worldbank.org/en/publication/country-climate-development-reports
https://www.worldbank.org/en/publication/country-climate-development-reports
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10.

11.

12.

13.

14.

15.

. In the Gulf Cooperation Council (GCC) countries, although

sustainability reporting by listed companies remains low overall,
reporting rates have improved in recent years (Farooq et al. 2021).

More recently, the Central Bank of Jordan issued its first Climate Risk
Management Regulations (CB] 2025) in 2025, which will require
financial institutions to improve climate data and disclosure standards.

In Morocco, the Central Bank also issued in early 2025 a directive for
financial institutions on the collection and reporting of climate exposure
data (Finances News Hebdo 2025).

Such policies make up 28 percent of the entries in the New Industrial
Policy Observatory (NIPO) database worldwide—each NIPO entry refers
to a distinct state intervention. The NIPO dataset used for this report
records policies that were implemented or announced on or after January
1, 2023. The monitoring covers 75 jurisdictions making up 94 percent of
global GDP. Of those, 10 jurisdictions are in MENAAP (including
Pakistan but excluding Afghanistan), representing 13 percent of the
database (Evenett et al. 2024).

The Green Transition Policy Database harmonizes secondary data using a
common taxonomy to provide insights into the global use of climate
policies, both mitigation and adaptation, from 2018 to 2023.

The World Bank’s global “Businesses of the State” (BOS) database of
firms with state participation was developed for the Bank’s 2023 report,
The Business of the State (World Bank 2023a). It includes 76,400 firms
with direct or indirect state ownership of at least 10 percent across

91 countries, and 18 percent are in high-emitting sectors. The database
includes five countries of relevance for this report: Egypt, Jordan,
Lebanon, Morocco, and Tunisia. Carbon-intensive BOS-listed firms in
the region operate mainly in the transportation, energy, extractive, and
manufacturing sectors.

Carbon-intensive sectors include energy, transportation, financial services,
agriculture, and raw materials. High-emitting sectors were identified using
the World Resource Institute’s “World Greenhouse Gas Emissions: 2019”
(https://www.wri.org/data/world-greenhouse-gas-emissions-2019) and
converted into Statistical Classification of Economic Activities in the
European Community (NACE) code.

Sectors prone to the negative effects of climate change were identified
using a risk classification by sectors and converted into NACE code.

The risk classification was corroborated with results from the literature.
Many low- and middle-income countries are already preparing for the EU
CBAM and EU CS3D (Krajcovicova 2025). They include India, Tiirkiye,
and Viet Nam. For further discussion of the steps these countries have
taken, see annex 3B.

Fuel subsidy reforms in several MENA countries have faced disruption
from public protests. In Tunisia (2013-14), demonstrations constrained
implementation and slowed reform momentum. In the Republic of Yemen
(2014), fuel price increases contributed to widespread unrest that preceded
the Houthi takeover of Sana’a, effectively derailing reform. And in Jordan
(2018), anti-austerity protests linked to energy price measures temporarily
disrupted reform efforts (Hamaizia and Moerenhout 2022).


https://www.wri.org/data/world-greenhouse-gas-emissions-2019
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16.

17.

18.

19.

20.

21.

22.

23.

In Egypt, the carbon price needed to offset CBAM obligations for
energy-related emissions depends on the highest estimated carbon price
calculated across the CBAM sectors according to the export volume,
Egyptian emission intensities, EU benchmark emission intensities, the EU
ETS price, and the CBAM phase-in factor. In Egypt, the highest carbon
price is estimated to be for fertilizer products.

See, for example, evidence for China and India (Carson et al. 2021); Cote
d’Ivoire (Timilsina et al. 2024); Eastern Europe (World Bank 2022d, 48f);
the EU (Barrios et al. 2013); Ghana (Elmaleh et al. 2021, 154f); the
Islamic Republic of Iran (Mirhosseini et al. 2017); Pakistan (Burns et al.
2021); Spain (Markandya et al. 2013); and globally (Bento et al. 2018;
Schoder 2023).

For example, natural gas is used as a feedstock in the production of
chemicals and plastics. Crude oil can be used to produce naphtha, which is
then used to produce plastic, but the oil is not burned and thus has not
emitted.

IPPU emissions can be large in certain sectors, such as production of
cement and fertilizers.

Conventional cooling solutions such as more air conditioners and
refrigeration systems imply a higher demand for power, which in itself
triggers an increase in fossil fuel emissions under the current generation
system, thus warming the climate further.

Global warming potential (GWP) allows comparisons of the global
warming impacts of different gases. It is a measure of how much energy
the emission of 1 ton of a gas will absorb over a given period of time
relative to the emission of 1 ton of CO,. The larger the GWP, the more
that a given gas warms the Earth compared with CO, over that time
period (EPA 2025).

The “solar PV capacity factor” is the ratio of a solar plant’s actual energy
output over a specific period of time to its maximum possible output if it
were running at full power permanently over the same period of time.
The “wind capacity factor” is the ratio of a wind turbine’s actual energy
produced over a specific period of time to its maximum possible output if
it ran at full power permanently over the same period of time.
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ANNEX 1A. THE PRIVATE SECTOR LANDSCAPE:
SUPPLEMENTARY FIGURES

FIGURE 1A.1

Significant Business Environment Obstacles to Firms in
MENAAP Countries

Share of firms (%)
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M Access to finance [ Business licensing B Labor regulations

Source: Calculations based on World Bank Enterprise Surveys (WBES) data.

Note: An issue is counted as an obstacle if the firm reports it to be a major or very severe
constraint. Summary statistics are computed using sampling weights. The sample includes
a total of over 10,000 firms surveyed in Afghanistan (2025), Bahrain (2024), Egypt (2020),
Iraq (2022), Jordan (2024), Lebanon (2019), Morocco (2023), Pakistan (2022), Saudi Arabia
(2022), and Tunisia (2024). MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.
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FIGURE 1A.2

Most Firms in the MENAAP Region Remain Small

Share of firms (%)
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Source: Calculations based on World Bank Enterprise Surveys (WBES) data.

Note: Summary statistics computed using sampling weights. The sample includes a total of over 10,000 firms surveyed in
Egypt, Arab Rep. (2020); Iraq (2022); Jordan (2024); Lebanon (2019); Morocco (2023); Saudi Arabia (2022); and Tunisia (2024).
MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.



Appendix A: Annexes for Chapter 1 97

FIGURE 1A.3
Most MENAAP Firms Are Either Not Involved in International
Trade or Only Import
Share of firms (%)
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Source: Calculations based on World Bank Enterprise Surveys (WBES) data.

Note: Summary statistics computed using sampling weights. The WBES sample includes a
total of over 10,000 firms surveyed in Egypt, Arab Rep. (2020); Iraq (2022); Jordan (2024);
Lebanon (2019); Morocco (2023); Saudi Arabia (2022); and Tunisia (2020 and 2024).
MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

ANNEX 1B. CONCEPTUAL FRAMEWORK FOR ANALYSIS
OF CLIMATE EFFECTS ON FIRM PERFORMANCE AND
RESULTING POLICIES

Direct and Indirect Channels of Negative Effects

The theoretical framework for firms and climate analysis distinguishes
between direct (internal to the firm) and indirect (external to the firm)

impacts of hazards with a slow onset, such as rising temperatures
(World Bank 2025), as shown in figure 1B.1.



98 Competing in the Face of Climate Risks

FIGURE 1B.1

Channels of Effects on Firms of Climate Hazards with a Slow Onset

Firms exposed to climate hazards with a slow onset, such as rising temperatures, recurring floods

Direct impacts inside the firm’s Indirect impacts outside the firm’s
workplace workplace
Heat-related illness, fatigue, errors,
accidents

- Lower input efficiency Damaged equipment

costs Delayed or interrupted production/
« External disruptions sales, lower utilized capacity, higher

and uncertainty maintenance costs

Higher energy consumption

v

Technologies: cooling systems, water tanks, Resilient energy, water, and
elevated equipment, supply chain systems transport systems

Management practices: prevention/
Adaptation strategies contingency plans, energy efficiency,
monitoring, climate information

Suppliers’ development and diversification,
adherence/disclosure of ESG standards

Information and capabilities constraints Regulatory barriers (company law,
building codes, permits, licenses,
Access to finance constraints investment and competition distortions)
(e.g., lack of collaterals, insurance)
Barriers to investment in Inadequate standards (labor safety,
adaptation strategies health, flexibility, and road safety)

Limited financial infrastructure and
instruments (collateral registries, SME
finance)

Impact on firms’ revenues, prod vestment, and wages

Source: World Bank Firms and Climate Adaptation Policy Toolkit (World Bank 2025).

Note: Examples of hazards with a slow onset include rising temperatures and recurring floods from precipitation. Yellow boxes
are direct impacts inside the firm’s workplace; light blue boxes are impacts that can occur either inside or outside the firm's
workplace; dark blue boxes are indirect impacts outside the firm's workplace. ESG = environmental, social, and governance.
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Prioritizing Policy Areas Based on Complementarity
Between Adaptation Investments and Productivity

Governments can prioritize policy areas for climate resilience by
assessing firms’ vulnerabilities and understanding how adaptation
investments relate to private sector growth. A key organizing principle
is the degree of complementarity between adaptation investments and
firm productivity (World Bank 2025). This can be assessed empirically
by regressing adaptation investment on productivity and vice versa.
Although this approach offers valuable insights, interpreting the
strength of complementarity involves some judgment. A strong positive
relationship suggests high complementarity, a flat or negative
relationship indicates a trade-off, and moderate cases are those where
the relationship is positive but adaptation remains somewhat limited
even among productive firms. This complementarity allows
governments to prioritize policy areas (refer to figure 1B.2).

When the complementarity is strong—firms that invest in adaptation
also experience productivity gains—governments can consider
prioritizing low-cost awareness programs. These programs, which
highlight the adverse effects of climate stress, are typically low in cost
and can motivate firms to invest when the incentive is already clear. In
such settings, business environment reforms (such as improving access
to finance or simplifying licensing processes) can further encourage
private adaptation by reducing barriers to investment.

In cases of moderate complementarity, where the relationship between
adaptation and productivity is positive but relatively weak—such as
when only a minority of highly productive firms adopt adaptation
practices—policy responses need to be more carefully targeted. A mix
of instruments is likely required, but their design should reflect the
uneven incentives firms face. For instance, business environment
reforms may be most effective when focused on firms or regions that
are especially vulnerable to climate risks rather than being applied
broadly. In these settings, public infrastructure investments can play a
supportive role by lowering the cost or increasing the feasibility of
adaptation for firms that might otherwise hold back.

However, the effectiveness of these approaches depends heavily on
country-specific condidons, such as market access, governance, or credit
availability. In environments where these constraints are binding, the link
between firm performance and adaptation may be weak, leaving firms with
little incentive to invest on their own. In these cases, public infrastructure
investments become an even more relevant policy tool—providing public
goods that reduce exposure or facilitate adaptation directly, especially when
private investment is unlikely to materialize without external support.
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FIGURE 1B.2

The Complementarity Between Adaptation and Productivity
Informs the Prioritization of Policy Areas

Complementarity between
private sector growth and Ranked policy areas
climate resilience

« Awareness
Majority of more « Business environment reforms
productive firms invest - Support programs targeting firms’ productivity
in adaptation and energy efficiency
« Resilient infrastructure

- Resilient infrastructure

- Local business environment reforms in most
vulnerable places

- Support programs targeting most vulnerable firms

» Awareness

Moderate relationship

between firm productivity
and adaptation
investment

Trade-off: productive » Resilient infrastructure
firms less likely to « Support programs for adoption of climate-resilient
invest in adaptation technology

Source: World Bank Firms and Climate Adaptation Policy Toolkit (World Bank 2025).
Note: “Business environment” is broadly defined as the collection of laws, regulations,
policies, and institutions that shape and drive business activity. It therefore includes
foundational policy aspects such as business regulation, competition policy, and
investment policy as well as policies enabling the environment of financial institutions.

ANNEX 1C. HAZARDS AND EXPOSURE:
SUPPLEMENTARY FIGURES

FIGURE 1C.1

Average Temperatures Are Rising (1950-2023) in MENAAP
Countries

Average temperature (degrees Celsius)
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Source: Developed using the World Bank Firms and Jobs Vulnerability to Climate Change
Explorer (https://datanalytics.worldbank.org/global-weather-map/).

Note: Temperature is defined as the temperature of air at two meters above the surface of
land. The data are at the hourly mean level, which is then used to calculate a location’s daily
average temperature. MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.
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FIGURE 1C.2

Average Increases in Temperatures Varied Broadly Across
MENAAP Countries Between 1990-95 and 2018-23

Change in average temperature (%)
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Source: World Bank Firms and Climate Adaptation Policy Toolkit (World Bank 2025).

Note: Temperature is defined as the temperature of air at two meters above the surface of
land. The data are at the hourly mean level, which is then used to calculate a location’s daily
and yearly average temperature. The average yearly temperature is taken for the periods
1990-95 and 2018-23 for each country. The chart shows the change between these period
means. MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

FIGURE 1C.3

The Average Number of Days with Extreme Heat Has
Increased Across MENAAP Countries Between 1990-95 and
2018-23

Change in average number of extreme heat days
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Source: World Bank Firms and Climate Adaptation Policy Toolkit (World Bank 2025).

Note: Extreme heat days are those whose average temperature exceeds 35 degrees Celsius.
The average yearly number of extreme heat days is found for the periods 1990-95 and
2018-23 for each country. The chart shows the change between these period means.
MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.
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MAP 1C.1

There Is Wide Variation in Exposure to Extreme Heat Days Across and Within
MENAAP Countries, 2023
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MAP 1C.1

There is Wide Variation in Exposure to Extreme Heat Days Across and within
MENAAP Countries, 2023 (continued)
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Source: Developed using the World Bank Firms and Jobs Vulnerability to Climate Change Explorer (https://datanalytics
.worldbank.org/global-weather-map/).

Note: The heat maps show the number of extreme heat days per district (days whose maximum temperature exceeds

35 degrees Celsius) in 2023. The color coding is based on worldwide geocoded daily satellite weather data in 2023. Black
dots are locations of manufacturing and services firms from the World Bank Enterprise Surveys (WBES). The toolkit’s dataset
combines geocoded firm-level data from WBES with weather data from the Database of Regional Climate Change (DRCC)
developed by Bettarelli et al. 2024. It allows for the identification of key climate change risks (hazards) and the clusters of
firms they might affect (exposure). The evolution of climate risks from heat, droughts, and floods can be measured and
compared over a period spanning from 1950 to 2023. MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.
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ANNEX 1D. VARIABLE DESCRIPTIONS AND
REGRESSION SPECIFICATIONS FOR DATA ANALYSIS
ON THE EFFECTS OF CLIMATE CHANGE ON FIRMS

Firm Performance Indicators

* Sales (d2): total sales in last fiscal year

* Employment (I1): number of permanent, full-time employees at end
of last fiscal year

* Productivity (d2/11): sales per worker
* Wages (n2a): total labor cost in last fiscal year

® Value added (d2 - n2e): sales minus cost of raw materials and
intermediate goods used in production in last fiscal year

o Investment in fixed assets (k4): dummy variable taking value of 1 if
establishment purchased any fixed assets in last fiscal year

o Capacity utilization (f1): output produced as a percentage of the
maximum possible output given the available resources in last fiscal
year

o Insufficient water supply (c15): dummy variable taking value of 1 if
establishment reports insufficient water supply as being a problem it
faced in last fiscal year

®  Electricity cost (n2b): total annual cost of electricity in last
fiscal year

* Energy intensity (n2b/d2): electricity cost over sales

* Power outages (c6): dummy variable taking value of 1 if establishment
experienced a power outage in the last fiscal year

o FElectricity consumption (BMGE.1): in fiscal year [insert last complete
fiscal year], how much electricity, in kilowatt-hours, did this
establishment consume?

o Transport obstacle (d30a): dummy variable taking value of 1 if
establishment reports transport as a moderate, major, or very severe
obstacle
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Climate Variables

Heat days deviation from long-run trend: average number of local
extreme heat days in last fiscal year minus local long-run trend
(calculated between 1980 and 2008). An extreme heat day is defined
as a day when the maximum daily temperature anywhere in the
district (admin-2 geographical granularity) exceeds 35 degrees
Celsius. Each firm falls into a district and takes on that district’s
number of extreme heat days.

Average temperature deviation from long-run trend: average
temperature (Celsius) in last fiscal year minus local long-run trend
(calculated between 1980 and 2008).

Firm Characteristics and Policy Variables

Regulation index: composed of “Business licensing is an obstacle”
(j30c), “Labor regulation is an obstacle” (130a), and “Firm inspected
by tax officials” (j3), coded such that higher values represent greater
regulatory burdens

Access to finance index: composed of “Firm has checking or savings
account” (k6), “Firm has overdraft facility” (k7), and “Firm has credit
or loan from a financial institution” (k8), coded such that higher
values represent reduced access to finance

Labor force index: composed of “Inadequately educated workforce is
an obstacle” (130b) and “formal training programs for employees”
(110), coded such that higher values represent a less educated or
trained workforce

Sector: manufacturing or services as defined in the WBES

Small: dummy variable taking value of 1 if firm has between 5 and
19 employees

Young: dummy variable taking value of 1 if firm is 5 years old or
younger

GVC participant: dummy variable taking value of 1 if firm does any
of the following: imports (uses foreign inputs), exports (a positive
share of its sales is sold abroad), uses foreign technology, and/or is
foreign owned (more than 10 percent of ownership is foreign)
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* Foreign owned: dummy variable taking value of 1 if more than
10 percent of the firm’s ownership is foreign

®  Puart of larger firm: dummy variable taking value of 1 if the firm is
part of a multiestablishment firm

Regression Specifications
* Directeffects: ¥ =p_+ 4, +pCCS, +¢, (1D.1)

o Regress firm performance indicators (¥) on country, sector,
country-sector () and year (1) fixed-effects and the relevant
climate change shock (CCS). Firm-level size and age controls are
also included.

* Interactions: ¥ =u_+ A, + BCCS, * Characteristic/Policy, + ¢, (1D.2)

o Regress firm performance indicators (¥) on country, sector,
country-sector () and year (1) fixed-effects and the relevant
climate change shock (CCS) interacted with a firm characteristic
or a policy variable (for example, business environment quality
index). Firm-level size and age controls are also included.

ANNEX 1E. VULNERABILITY RESULTS

Heat-vulnerable firms are more likely to invest in fixed assets as well as
adaptation practices. As temperatures may drive up repair and
maintenance needs, firms might invest in replacing or upgrading physical
assets. There is also positive correlation between a firm’s investment in
fixed assets and the likelihood that it invests in cooling systems, monitors
water usage, and tracks emissions. Similar results are found on the effects
of average temperatures on input efficiency and operating costs.

The regressions shown in this annex illustrates those correlations.
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Effects of Heat Days on Firm Performance (Input Efficiency Channel)

TABLE 1E.1

Effects of Extreme Heat Days on Main Firm Performance Outcomes in MENAAP Countries

Sales per Investmentin  Investmentin
Dependent worker Capital fixed assets fixed assets
variable Sales (log) (log) Workers (log) ~ Wages (log) utilization (log) (dummy) (no Iraq)
'(jjeeavt fTayS 00617 —0038*  —0022* 0080 ~0030%* 0019% 0005
trend) (0.023) 0.018) 0.013) 0.019) (0.007) (0.005) (0.005)
Obs 9416 9,390 10,065 9316 4578 10,002 9,002
R2 0.665 0.723 0.591 0.724 0.132 0.105 0.110

Source: Table original to this publication. Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit
(World Bank 2025) using World Bank Enterprise Surveys (WBES) and Database of Regional Climate Change data (Bettarelli
et al. 2024).

Note:“Extreme heat” days are those whose maximum temperature exceeds 35 degrees Celsius. Geocoded satellite weather
data were matched with geocoded WBES data for over 10,000 firms across Egypt, Arab Rep.; Iraq; Jordan; Lebanon; Morocco;
Saudi Arabia; and Tunisia between 2019 and 2024. All regressions include controls for long-term (LT) means of heat days, firm
size, and age, as well as country, sector, year, and country-sector fixed effects (FE). Regressions are not weighted. Results are
robust to removing country-sector FE and/or firm size and age controls. Removing Iraq from the sample renders the effect of
heat days on investment insignificant. Effects of heat days on the following are not significant: value added, value added per
worker. MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

Significance level: * = 10 percent, *** = 1 percent.

TABLE 1E.2

Effects of Extreme Heat Days Interacted with Sectors on Sales, MENAAP Countries

Dependent variable Sales (log)
Base heat days (dev LT trend) / effect —0.068*** —0.068*** —0.056** —0.056** —0.060**
for all other sectors (0.023) (0.024) (0.025) (0.024) (0.025)
T:rﬁ‘eer?t/s Food manggai?[Lrin WESI[ZQQIe Other services
Interaction (heat days*sector) 9 0.043 9 -0.031
0.107% (0.042) -0.028 —0.049 0037)
(0.061) ’ (0.036) (0.040) ’
Combined effect for sector 0.039 -0025 -0.084 —-0.105 —0.091
Obs 9,416 9416 9,416 9,416 9416
R2 0.664 0.663 0.664 0.663 0.663
Country and year FE Yes Yes Yes Yes Yes
Country-sector FE No No No No No
Controls Yes Yes Yes Yes Yes

Source: Table original to this publication. Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit
(World Bank 2025) using World Bank Enterprise Surveys (WBES) and Database of Regional Climate Change data (Bettarelli
et al. 2024).

Note: “Extreme heat” days are those whose maximum temperature exceeds 35 degrees Celsius. Geocoded satellite weather
data were matched with geocoded WBES data for over 10,000 firms across Egypt, Arab Rep.; Iraqg; Jordan; Lebanon;
Morocco; Saudi Arabia; and Tunisia between 2019 and 2024. All regressions include controls for long-term (LT) means of
heat days, country and year fixed effects, and firm size and age controls. Regressions are not weighted. FE = fixed effects;
MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent.
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Effects of Heat Days on Firm Performance (Operational Costs Channel)

TABLE 1E.3

Effects of Extreme Heat Days on Costs, MENAAP Countries

Dependent Electricity Electricity cost Electricity cost Electricity cost  Insufficient water Power outages

variable cost (log) (no Egypt) (no Saudi Arabia)  (nonlinearity) supply (dummy) (dummy)
Heat davs Linear term:
(dev LT y —0.078*** -0.013 -0.019 0.150%* 0.019%** —-0.003

(0.024) (0.038) (0.026) Squared term: (0.006) (0.006)
trend)

—-0.083***

Obs 9,249 6,196 7844 9,249 4,909 10,059
R2 0678 0.754 0.701 0678 0.096 0.103

Source: Table original to this publication. Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit
(World Bank 2025) using World Bank Enterprise Surveys (WBES) and Database of Regional Climate Change data

(Bettarelli et al. 2024).

Note:“Extreme heat” days are those whose maximum temperature exceeds 35 degrees Celsius. Geocoded satellite weather
data were matched with geocoded WBES data for over 10,000 firms across Egypt, Arab Rep.; Irag; Jordan; Lebanon; Morocco;
Saudi Arabia; and Tunisia between 2019 and 2024. All regressions include controls for long-term (LT) means of heat days,
country, sector, year, and country-sector fixed effects (FE), and firm size and age controls. Regressions are not weighted.
Results are robust to removing country-sector FE and/or firm size and age controls. Removing either Egypt or Saudi Arabia
from the sample renders the effect of heat days on electricity cost insignificant (results possibly influenced by broad energy
tariff structures in both countries and by Saudi Arabia heavily subsidizing energy consumption). Effects of heat days on the
following are not significant: power outages. MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

Significance level: *** = 1 percent.

Heterogeneity of Impacts (Interactions of Heat Days with Firms’ Characteristics)

TABLE 1E.4

Effects of Extreme Heat Days Interacted with Firms’ Characteristics on Sales,
MENAAP Countries

Dependent variable Sales (log)
Heat days (dev LT -0.018 -0.070** —0.134** —0.078*** —0.080%**
trend) (0.031) (0.023) (0.026) (0.023) (0.023)
. Small Young GVC Foreign owned  Part of larger firm

'd”;esraviltt'ﬁ” of heat 0085+ 0092% 01654 0044 0228

y o (0.033) (0.051) (0.032) 0.072) (0.063)
Obs 9416 9416 9416 9,211 9,409
R2 0.666 0.665 0.681 0673 0.669

Source: Table original to this publication. Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit
(World Bank 2025) using World Bank Enterprise Surveys (WBES) and Database of Regional Climate Change data (Bettarelli
et al. 2024).

Note: “Extreme heat” days are those whose maximum temperature exceeds 35 degrees Celsius. Geocoded satellite weather
data were matched with geocoded WBES data for over 10,000 firms across Egypt, Arab Rep.; Iraqg; Jordan; Lebanon;
Morocco; Saudi Arabia; and Tunisia between 2019 and 2024. All regressions include controls for long-term (LT) means of
heat days, country, sector, year, and country-sector fixed effects (FE), and firm size and age controls. Regressions are not
weighted. Results are mostly robust to removing country-sector FE and/or firm size and age controls. Small firms have 1-19
employees. Young firms are less than five years old. GVC = global value chain; MENAAP = Middle East, North Africa,
Afghanistan, and Pakistan.

Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent.
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TABLE 1E.5

Effects of Extreme Heat Days Interacted with Firms’ Characteristics on Sales per
Worker, MENAAP Countries

Dependent variable Sales per worker (log)

Heat days (dev LT 0.020 —0.045%* —0.136*** —0.055%** —0.052%**

trend) (0.025) 0.019) (0.023) 0.019) 0.019)
Small Young GVC Foreignowned  Part of larger firm

Interaction —0.115%** 0072 0.206*** 0.091* 0.152%**
(0.028) (0.044) (0.028) (0.060) (0.051)

Obs 9,390 9,390 9,390 9,192 9,383

R2 0.724 0.723 0.730 0.728 0.724

Source: Table original to this publication. Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit (World
Bank 2025) using World Bank Enterprise Surveys (WBES) and Database of Regional Climate Change data (Bettarelli et al. 2024).
Note:"Extreme heat” days are those whose maximum average temperature exceeds 35 degrees Celsius. Geocoded satellite
weather data were matched with geocoded WBES data for over 10,000 firms across Egypt, Arab Rep.; Iraq; Jordan; Lebanon;
Morocco; Saudi Arabia; and Tunisia between 2019 and 2024. All regressions include controls for long-term (LT) means of heat
days, country, sector, year, and country-sector fixed effects (FE), and firm size and age controls. Regressions are not weighted.
Results are robust to removing country-sector FE and/or firm size and age controls. Small firms have 1 to 19 employees. Young
firms are less than five years old. GVC = global value chain. MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.
Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent.

Effects of Average Temperatures on Firms’ Performance

Rising average temperatures produce similar negative effects on firms’
performance. A one standard deviation increase in average temperature
(equivalent to 0.83 degrees Celsius) is associated with employment losses
of 8 percent, a 6 percent decrease in wages, and an 8 percent drop in
capital utilization (refer to table 1E.6). Additionally, the likelihood of
experiencing water shortages increases by 5 percent.

Similar to the pattern observed for extreme heat days, firms appear more
likely to invest in fixed assets as average temperatures rise. Allowing for
nonlinear effects of climate by including a squared term in regressions
reveals that investment declines at lower temperatures but increases at
higher ones—possibly reflecting rising repairs and maintenance costs as
heat exposure worsens.

Somewhat surprisingly, sales per worker increase with rising temperatures.
This is likely a mechanical effect driven by falling employment while sales
remain stable. The pattern is consistent with capital-labor substitution,
whereby firms respond to heat stress by investing in capital while scaling
back labor. Supporting evidence includes declining capital utilization,
rising investment, and the finding that electricity costs are affected by
extreme heat days but not by average temperatures (refer to table 1E.7).
This suggests that heat waves disrupt both labor and capital via energy
costs, while moderate temperature increases primarily affect labor but can
be partially offset through substitution toward capital.
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TABLE 1E.6

Effects of Average Temperature on Main Firm Performance Outcomes, MENAAP
Countries

Investment in Investment in

Dependent Sales per worker Capital fixed assets fixed assets
variable (log) Workers (log) Wages (log) utilization (log) (dummy) (nonlinearity)
Linear term:
—0.130***
Temperature 0.118*** —0.081*** —-0.063* —0.084*** 0.049*** (0.026) Squared
(dev LT trend) (0.027) (0.017) (0.029) (0012) (0.007) term: 0.045%**
(0.006)
Obs 9,390 10,065 9,361 4,578 10,002 10,002
R2 0.724 0.592 0.724 0.133 0.107 0.111

Source: Table original to this publication. Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit
(World Bank 2025) using World Bank Enterprise Surveys (WBES) and Database of Regional Climate Change data (Bettarelli
etal. 2024).

Note: Geocoded satellite weather data were matched with geocoded WBES data for over 10,000 firms across Egypt, Arab
Rep.; Iraqg;, Jordan; Lebanon; Morocco; Saudi Arabia; and Tunisia between 2019 and 2024. All regressions include controls
for long-term (LT) means of heat days, country, sector, year, and country-sector fixed effects (FE), and firm size and age
controls. Regressions are not weighted. Results are robust to removing country-sector FE and/or firm size and age controls.

Effects of temperature on the following are not significant: sales, value added, value added per worker. MENAAP = Middle
East, North Africa, Afghanistan, and Pakistan.
Significance level: * = 10 percent, *** = 1 percent.

TABLE 1E.7

Effects of Average Temperature on Firms’ Costs, MENAAP

Countries
Insufficient water supply
Dependent variable (dummy) Power outages (dummy)
0.046%** 0.010
Temperature (dev LT trend) (0.009) (0.008)
Obs 4,909 10,059
R2 0.103 0.104

Source: Table original to this publication. Calculations based on the World Bank Firms and
Climate Adaptation Policy Toolkit (World Bank 2025) using World Bank Enterprise Surveys
(WBES) and Database of Regional Climate Change data (Bettarelli et al. 2024).

Note: Geocoded satellite weather data were matched with geocoded WBES data for over
10,000 firms across Egypt, Arab Rep.; Irag; Jordan; Lebanon; Morocco; Saudi Arabia; and
Tunisia between 2019 and 2024. All regressions include controls for long-term (LT) means
of heat days, country, sector, year, and country-sector fixed effects (FE), and firm size and
age controls. Regressions are not weighted. Results are robust to removing country-sector
FE and/or firm size and age controls. Effects of temperature on the following are not
significant: electricity cost, power outages. MENAAP = Middle East, North Africa,
Afghanistan, and Pakistan.

Significance level: *** = 1 percent.
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ANNEX 1F. RESILIENCE RESULTS: SUPPLEMENTARY TABLES AND FIGURES

TABLE 1F.1

Effects of Heat Days Interacted with Adaptation Practices on Sales per Worker,
MENAAP Countries

Dependent variable Sales per worker (log)

Heat days (dev LT -0.011 -0.015 -0.048 -0.039

trend) (0.028) (0.027) (0.029) (0.027)

Heating/cooling Water management Lighting systems strcaltlzqaizecﬁfctf&s

Interaction 0186+ 0.143* 0087+ 823 4*J**
(0.055) (0.080) (0.045) (0.080)

Obs 4332 4374 4,657 4,980

R2 0.702 0.694 0.685 0672

Source: Table original to this publication. Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit
(World Bank 2025) using World Bank Enterprise Surveys (WBES), the Database of Regional Climate Change data (Bettarelli
et al. 2024), and “green management scores” (De Haas et al. 2025).

Note: “Extreme heat” days are those whose maximum temperature exceeds 35 degrees Celsius. The WBES sample includes
almost 6,000 firms across Egypt, Arab Rep.; Lebanon; Jordan; Morocco; and Tunisia between 2019 and 2020. All regressions
include controls for long-term (LT) means of heat days, country, sector, year, and country-sector fixed effects, and firm size
and age controls. Regressions are not weighted. Effects of heat days interacted with “green management scores” (De Haas
et al. 2025) are not significant. MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

Significance level: * = 10 percent, *** = 1 percent.

TABLE 1F.2

Effects of Access to Finance on Adopting Cooling
Improvements, MENAAP Countries

Dependent variable Adopted heating/cooling improvements
) . - 0.183%**

Access to finance index coefficient 0027)

Average marginal effect 0.049

Obs 4,685

Source: Table original to this publication. Calculations based on the World Bank Firms and
Climate Adaptation Policy Toolkit (World Bank 2025) using World Bank Enterprise Surveys
(WBES) and Database of Regional Climate Change data (Bettarelli et al. 2024).

Note: The WBES sample includes approximately 6,000 firms across Egypt, Arab Rep.; Jordan;
Lebanon; Morocco; and Tunisia between 2019 and 2020 (smaller samples in regressions are due
to nonresponses). All regressions include controls for the long-term mean of heat days, country
and sector fixed effects, and firm size and age controls. Regressions are not weighted.
Conditions improve as the index gets higher. Interpretation example (using average marginal
effect): a one-unit increase in the access to finance index (meaning better access) increases the
probability that a firm will adopt cooling technologies by 4.9 percentage points, holding all
other variables constant. Effects of labor force index on adopting cooling are not significant.
MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

Significance level: *** = 1 percent.
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Figures 1F.1 through 1E.5 present the share of firms across MENAAP
countries that have adopted water management practices, monitored
water usage and emissions, improved lighting systems, and set climate-
related strategic objectives, disaggregated by firm size. Figure 1F.6
illustrates the relationship between firm productivity and the likelihood
of investing in heating or cooling improvements across MENAAP
countries. Figure 1E.7 illustrates the relationship between firm

productivity and the likelihood of monitoring water usage across
MENAAP countries.

FIGURE 1F.1

Share of Firms that Adopted Water Management Practices,
by Firm Size, MENAAP Countries
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Source: World Bank Enterprise Surveys (WBES) data.

Note: The WBES sample includes almost 6,000 firms across Egypt, Arab Rep.; Jordan;
Lebanon; Morocco; and Tunisia between 2019 and 2020. Summary statistics computed
using sampling weights. Small firms are those with 5-19 employees; medium firms, 20-99
employees; and large firms, 100 or more employees. MENAAP = Middle East, North Africa,
Afghanistan, and Pakistan.
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FIGURE 1F.2

Share of Firms Monitoring Water Usage, by Firm Size,
MENAAP Countries
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Source: World Bank Enterprise Surveys (WBES) data.

Note: The WBES sample includes almost 6,000 firms across Egypt, Arab Rep.; Jordan;
Lebanon; Morocco; and Tunisia between 2019 and 2020. Summary statistics computed
using sampling weights. Small firms are those with 5-19 employees; medium firms, 20-99
employees; and large firms, 100 or more employees. MENAAP = Middle East, North Africa,
Afghanistan, and Pakistan.

FIGURE 1F.3

Share of Firms that Improved Lighting Systems, by Firm Size,
in MENAAP Countries
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Source: World Bank Enterprise Surveys (WBES) data.

Note: The WBES sample includes almost 6,000 firms across Egypt, Arab Rep.; Jordan;
Lebanon; Morocco; and Tunisia between 2019 and 2020. Summary statistics computed
using sampling weights. Small firms are those with 5-19 employees; medium firms, 20-99
employees; and large firms, 100 or more employees. MENAAP = Middle East, North Africa,
Afghanistan, and Pakistan.
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FIGURE 1F.4

Share of Firms that Monitor Emissions, by Firm Size,
in MENAAP Countries
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Source: World Bank Enterprise Surveys (WBES) data.

Note: The WBES sample includes almost 6,000 firms across Egypt, Arab Rep.; Jordan;
Lebanon; Morocco; and Tunisia between 2019 and 2020. Summary statistics computed
using sampling weights. Small firms are those with 5-19 employees; medium firms, 20-99
employees; and large firms, 100 or more employees. MENAAP = Middle East, North Africa,
Afghanistan, and Pakistan.

FIGURE 1F.5

Share of Firms Setting Climate-Related Strategic Objectives,
by Firm Size, MENAAP Countries
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Source: World Bank Enterprise Surveys (WBES) data.

Note: The WBES sample includes almost 6,000 firms across Egypt, Arab Rep.; Jordan;
Lebanon; Morocco; and Tunisia between 2019 and 2020. Summary statistics computed
using sampling weights. Small firms are those with 5-19 employees; medium firms, 20-99
employees; and large firms, 100 or more employees. MENAAP = Middle East, North Africa,
Afghanistan, and Pakistan.
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FIGURE 1F.6

Complementary Between Firm Productivity and Probability of Investing
in Heating or Cooling Improvements, MENAAP Countries
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Source: Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit (World

Bank 2025) using World Bank Enterprise Surveys (WBES) data.

Note: The WBES sample includes almost 6,000 firms across Egypt, Arab Rep.; Jordan; Lebanon; Morocco;
and Tunisia between 2019 and 2020. Results based on probit regressions—dummy for adopting
adaptation regressed on sales per worker quintile, country and sector fixed effects, and firm age and size
controls. Each circle is the average predicted probability across all firms in the quintile. Error bars show the
95 percent confidence intervals. MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

FIGURE 1F.7

Complementarity Between Firm Productivity and Probability of
Monitoring Water Usage, MENAAP Countries
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Source: Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit (World Bank
2025) using World Bank Enterprise Surveys (WBES) data.

Note: The WBES sample includes almost 6,000 firms across Egypt, Arab Rep.; Jordan; Lebanon; Morocco;
and Tunisia between 2019 and 2020. Results based on probit regressions—dummy for adopting
adaptation regressed on sales per worker quintile, country and sector fixed effects, and firm age and size
controls. Each circle is the average predicted probability across all firms in the quintile. Error bars show
the 95 percent confidence intervals. MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.
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FIGURE 1F.8

Complementarity Between Firm Productivity and Probability of
Setting Climate-Related Strategic Objectives, MENAAP Countries
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Source: Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit (World Bank
2025) using World Bank Enterprise Surveys (WBES) data.

Note: The WBES sample includes almost 6,000 firms across Egypt, Arab Rep.; Jordan; Lebanon; Morocco;
and Tunisia between 2019 and 2020. Results based on probit regressions—dummy for adopting
adaptation regressed on sales per worker quintile, country and sector fixed effects, and firm age and size
controls. Each circle is the average predicted probability across all firms in the quintile. Error bars show
the 95 percent confidence intervals. MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

Table 1E.3 shows regression results of the relationship between firms’
investment and adaptation practices in MENAAP.

TABLE 1F.3

Relationship Between Firms’ Investment and Adaptation Practices, MENAAP
Countries

Adoption of heating or Monitoring water usage Monitoring emissions

Dependent variable cooling technology (dummy) (dummy) (dummy)
Investment in fixed assets (dummy) 0((6)(())2;* 0(3317:;* (%?395;)

Obs 4,636 3,071 322

Country and sector FE Yes Yes Yes

Year FE No No No
Country-sector FE No No No

Controls Yes Yes Yes

Source: Table original to this publication. Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit
(World Bank 2025) using World Bank Enterprise Surveys (WBES) data.

Note: The WBES sample includes almost 6,000 firms across Egypt, Arab Rep.; Jordan; Lebanon; Morocco; and Tunisia
between 2019 and 2020. Probit regressions predict the likelihood of adopting adaptation practices. Table displays base
coefficients. FE = fixed effects; MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

Significance level: * = 10 percent, *** = 1 percent.



Appendix A: Annexes for Chapter 1 mn7

ANNEX 1G. ENERGY EFFICIENCY RESULTS:
SUPPLEMENTARY FIGURE AND TABLES

Figure 1G.1 presents the energy intensity of the manufacturing sector
in MENAAP countries, while table 1G.1 examines the effect of firm
characteristics on firm energy intensity, and table 1G.2 presents the
effect of extreme heat days on firm electricity consumption in
MENAAP countries.

FIGURE 1G.1

Energy Intensity of the Manufacturing Sector in MENAAP
Countries Over Time

GJ per US$1,000 (2015 US$, PPP) value added
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Source: Calculations based on the World Bank Firms and Climate Mitigation Policy Toolkit
(World Bank 2025) using International Energy Agency (IEA) and World Development
Indicators (WDI) estimates.

Note: Manufacturing energy consumption is based on end users’ consumption data from the
IEA. This corresponds to International Standard Industrial Classification (ISIC) rev.4 10-18 and
20-32 divisions. Value-added data are taken from the WDI “Manufacturing, value added”
series in current local currency units (indicator NV.IND.MANF.CN), which are then adjusted for
purchasing power parity (PPP) using WDI conversion factors (indicator PA.NUS.PPP).
Manufacturing in WDI data corresponds to ISIC rev.3.1 15-37 divisions. GJ = gigajoules;
MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.
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TABLE 1G.1

Effect of Firm Characteristics on Firm Energy Intensity, MENAAP Countries

Dependent
variable Electricity cost as a share of sales revenue (log)
Medium .
. Sales per worker GVC participant Small (compared (compared to Managerlal
Effect of firm (log) 00004 tolarge) 1a1ge) experience
characteristic -0.618%** (b 034) 0.935%%* 04 690*** —-0.004**
0.011) (0.047) 0.049) (0.002)
Obs 9,011 9,026 9,026 9,026 8,794
R2 0.358 0.123 0.119 0.119 0.119

Source: Table original to this publication. Calculations based on the World Bank Firms and Climate Mitigation Policy Toolkit
(World Bank 2025) using World Bank Enterprise Surveys (WBES).

Note: World Bank Enterprise Surveys (WBES) sample includes over 10,000 firms across Egypt, Arab Rep.; Iraq; Jordan;
Lebanon; Morocco; Saudi Arabia; and Tunisia between 2019 and 2024. All regressions include country, sector, year, and
country-sector fixed effects and firm size and age controls. Regressions are not weighted. Effect on electricity intensity not
significant for innovator. Small firms are those with 5-19 employees; medium firms, 20-99 employees; and large firms, 100
or more employees. GVC = global value chain; MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.
Significance level: ** = 5 percent, *** = 1 percent.

TABLE 1G.2

Effect of Extreme Heat Days on Firm Electricity Consumption,

MENAAP Countries
Share of electricity (%)
Electricity consumptionin  produced by own generator
Dependent variable kWh (log) (log)
-0.286*** 0.168***
Heat days (dev LT trend) (0.064) (0.041)
Obs 1,619 1,429
R2 0.346 0461

Source: Table original to this publication. Calculations based on the World Bank Firms and
Climate Adaptation Policy Toolkit (World Bank, 2025) using World Bank Enterprise Surveys
(WBES) and Database of Regional Climate Change data (Bettarelli et al., 2024).

Note: “Heat days” are those whose maximum temperature exceeds 35 degrees Celsius.
The middle column runs on 6,000 firms across Egypt, Arab Rep.; Jordan; Lebanon;
Morocco; and Tunisia covering 2019 to 2020 (surveys from the World Bank Enterprise
Surveys Green Module). The right column runs on the full sample of countries, with over
10,000 firms across Egypt, Arab Rep., Irag, Jordan, Lebanon, Morocco, Saudi Arabia, and
Tunisia, covering 2019 to 2024. All regressions include country, sector, year, and country-
sector fixed effects and firm size and age controls. Regressions are not weighted. kWh =
kilowatt-hours; LT = long-term; MENAAP = Middle East, North Africa, Afghanistan, and
Pakistan. Significance level: *** =1 percent.
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ANNEX 1H. GREEN TECHNOLOGY ADOPTION IN
MOROCCO

Recent data from the World Bank’s 2024 Firm-level Adoption of
Technologies (FAT) survey of 1,256 Moroccan establishments reveals a
mixed picture of green technology adoption (Cirera et al. 2026).
Morocco demonstrates some progress in green technology adoption,
but with distinctive characteristics.

Key Facts

Morocco shows relatively higher adoption of captive renewable energy
(6 percent) than peer countries, surpassing India (3.4 percent) and

Viet Nam (0.5 percent). Morocco’s adoption of energy-efficient
technologies compares favorably with other low- and middle-income
economies, with Energy Star certification at 28.7 percent; energy-
efficient lighting at 65.1 percent; and variable air volume (VAV) and/or
heating, ventilation, and air-conditioning (HVAC) systems at

19.2 percent.

In terms of environmental management, International Organization for
Standardization (ISO) 14001 certification has been adopted by
approximately 15 percent of firms, but other green management
practices remain limited. Only 5 percent of firms monitor carbon
dioxide (CO,) and/or carbon monoxide (CO) emissions, and less than

3 percent participate in carbon trading. Water resource management
presents a significant challenge, as more than 93 percent of
establishments do not treat wastewater.

Barriers and Drivers

Several factors influence technology adoption in Moroccan firms.
Competition emerges as the primary driver (cited by approximately
30 percent of firms), followed by equipment depreciation and
replacement needs. Cost constraints represent the leading barrier
(cited by 25-30 percent of firms), followed by lack of finance and
uncertain demand.

Management quality plays a significant role, with firms led by
managers who studied abroad (27.9 percent overall, increasing to
49.2 percent for large firms) showing higher technology
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sophistication. International exposure also correlates with
advancement, because firms engaged in exports or connected to
multinational companies demonstrate higher technology adoption
rates. Interestingly, gender dynamics appear relevant, with
establishments led by female top managers (only 4.2 percent of all
firms) showing higher adoption of general business function
technologies.

As Morocco continues its digital transformation, targeted policies
addressing these barriers and leveraging existing drivers could
accelerate both digital and green technology adoption, particularly
among smaller firms where the technology gap is most pronounced.

ANNEX 11. BUSINESS ENVIRONMENT RESULTS:
SUPPLEMENTARY FIGURES AND TABLES
TABLE 11.1

Effects of Extreme Heat Days Interacted with Business
Environment on Sales, MENAAP Countries

Dependent variable Sales
—0.060*** —-0.028
Heat days (dev LT trend) 0023) 0022)
L Access to finance index
Regulation index (poorer) (pooren)
Interaction —0.041%%* P
0.019) —0.125%**
' (0.020)
Obs 9411 9,369
R2 0.666 0.685

Source: Table original to this publication. Calculations based on the World Bank Firms and
Climate Adaptation Policy Toolkit (World Bank 2025) using World Bank Enterprise Surveys
(WBES) and Database of Regional Climate Change data (Bettarelli et al. 2024).

Note: “Extreme heat” days are those whose maximum temperature exceeds 35 degrees
Celsius. Geocoded satellite weather data were matched with geocoded WBES data for over
10,000 firms across Egypt, Arab Rep.; Iraq; Jordan; Lebanon; Morocco; Saudi Arabia; and
Tunisia between 2019 and 2024. All regressions include controls for long-term (LT) means
of heat days, country, sector, year, and country-sector fixed effects, and firm size and age
controls. Regressions are not weighted. The interaction between heat days and the labor
force index is not significant. MENAAP = Middle East, North Africa, Afghanistan, and
Pakistan.

Significance level: *** = 1 percent.
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FIGURE 11.1

Marginal Effect of Extreme Heat Days on Firm Sales at Varying
Levels of Regulatory Constraints, MENAAP Countries

Marginal effect
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Source: Calculations based on the World Bank Firms and Climate Adaptation Policy Toolkit
(World Bank 2025) using World Bank Enterprise Surveys (WBES) and Database of Regional
Climate Change (DRCC) data (Bettarelli et al. 2024).

Note: “Extreme heat” days are those whose maximum temperature exceeds 35 degrees
Celsius. Geocoded satellite weather data were matched with geocoded WBES data for over
10,000 firms across Egypt, Arab Rep.; Irag; Jordan; Lebanon; Morocco; Saudi Arabia; and
Tunisia between 2019 and 2024. All regressions include controls for long-term means of
heat days, country, sector, year, and country-sector fixed effects, and firm size and age
controls. Regressions are not weighted. MENAAP = Middle East, North Africa, Afghanistan,
and Pakistan.
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TABLE 11.2

Effects of Extreme Heat Days Interacted with Business
Environment Conditions on Sales per Worker, MENAAP Countries

Dependent variable Sales per worker

—-0.035* -0.012
(0.018) (0.018)

Heat days (dev LT trend)

o Access to finance index
Regulation index (poorer)

Interaction 0.006 (poorer)
0.016) —0.118***
‘ (0.017)
Obs 9,385 9343
R2 0.724 0736

Source: Table original to this publication. Calculations based on the World Bank Firms and
Climate Adaptation Policy Toolkit (World Bank 2025) using World Bank Enterprise Surveys
(WBES) and Database of Regional Climate Change data (Bettarelli et al. 2024).

Note: “Extreme heat” days are those whose maximum temperature exceeds 35 degrees
Celsius. Geocoded satellite weather data were matched with geocoded WBES data for over
10,000 firms across Egypt, Arab Rep.; Irag; Jordan; Lebanon; Morocco; Saudi Arabia; and
Tunisia between 2019 and 2024. All regressions include controls for long-term (LT) means
of heat days, country, sector, year, and country-sector fixed effects, and firm size and age
controls. Regressions are not weighted. The interaction between heat days and the labor
force index is not significant. MENAAP = Middle East, North Africa, Afghanistan, and
Pakistan.

Significance level: * = 10 percent, *** = 1 percent.
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ANNEX 2A. THE UK CARBON BORDER ADJUSTMENT
MECHANISM

Following the example of the European Union (EU), some high-
income economies are planning to install a border carbon adjustment
or a carbon tax for imported goods. Canada, Japan, and the United
Kingdom (UK) are all contemplating the creation of their own carbon
border adjustments (Burnett et al. 2026).

The UK Carbon Border Adjustment Mechanism (CBAM) is a
proposed policy tool designed to address the risk of carbon leakage and
ensure a level playing field for industries subject to the UK’s climate
policies. It does so by taxing imports of carbon-intensive goods,
ensuring these imports face a carbon price comparable to that of
domestically produced goods. In December 2023, the UK government
announced its intention to implement a CBAM as of January 1, 2027,
to specific carbon-intensive goods (DESNZ 2023).

Although the UK CBAM draws heavily from the EU CBAM,, it
exhibits some slight differences (refer to table 2A.1):

* The UK CBAM covers aluminum, cement, fertilizer, hydrogen, and
iron and steel (like the EU CBAM), but it excludes electricity.

* The UK CBAM applies to both direct carbon dioxide (CO,)
emissions from production (scope 1) and indirect CO, emissions
from energy generation (scope 2) for all sectors (ICAP 2024).

In contrast, the EU CBAM applies only to direct emissions for iron
and steel and aluminum while covering both direct and indirect
emissions for other sectors.

® The carbon price under the UK CBAM varies by sector, whereas the
EU CBAM applies a uniform carbon price across all covered sectors.

However, just as in the EU CBAM, if a carbon price is applied in the
country of origin for imported CBAM goods, UK importers will only
need to pay the difference between the UK CBAM carbon price and
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the carbon price in the place of origin. Also like the EU CBAM, the
scope of the UK CBAM will be expanded in the future. Products from
the glass and ceramic sectors that also give rise to a risk of carbon
leakage will be considered for future inclusion in the UK CBAM.

TABLE 2A.1

Comparison of EU and UK CBAMs

Provision

EU CBAM

UK CBAM

Sectoral coverage

Aluminum, cement, fertilizer,
hydrogen, iron and steel,
and electricity sectors

Aluminum, cement, fertilizer,
hydrogen, and iron and steel sectors
from 2027; inclusion of glass and
ceramic sectors at a later date

Scope of emissions covered

Direct and indirect

emissions for cement,

electricity, and fertilizer sectors (scope 1
and 2); direct emissions for iron and
steel and aluminum sectors (scope 1)

Direct and indirect emissions for all
covered sectors (scope 1and 2)

Default values

Default values per product

Default values per product; no
information on limits

CBAM rate

CBAM certificate price; universal across
all CBAM sectors; reflects EU allowance
(EUA) price, to be adjusted weekly

Set separately for each CBAM sector;
reflects UK allowance (UKA) price
and carbon price support, to be
adjusted quarterly

Adjustment for third-country carbon price

Only explicit carbon prices to be
recognized

Only explicit carbon prices to be
recognized

Minimum threshold for liable importers

50 tons of covered goods or goods
with 100 tons of CO,

£50,000 over a 12-month rolling
period

Exemption

Not available

Not available

Source: ICAP 2024.

Note: The European Union Allowance (EUA) price refers to the cost of a carbon credit that allows a company to emit a
specified amount of carbon dioxide (CO,) equivalent within the EU (European Union). The same applies to the UK
allowance. CBAM = Carbon Border Adjustment Mechanism.
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The CBAM Trade Exposure Index (TEI) indicates that the UK CBAM
will pose challenges for specific sectors in some MENAAP countries.
Figure 2A.1 presents the index values for aluminum (panel c), and
fertilizer (panel f), and iron and steel (panel i) across MENAAP
countries. These graphs present the CBAM TEI expressed as a
percentage for each of the affected sectors, thus capturing excess
carbon payments (excess payments compared with the average UK
producer) as a share of global exports of the sector. The graphs in
panels b, e, and h illustrate the two components of the CBAM TEI: the
horizontal axis illustrates export exposure to the UK market while the
vertical axis represents excess carbon payments as share of MENAAP
exports to the UK.

The CBAM TEI suggests that several MENAAP countries may lose
competitiveness in the aluminum, fertilizer, and iron and steel sectors:!

* Saudi Arabia is highly exposed to the UK CBAM in the aluminum
sector. Of the country’s aluminum, 4.4 percent heads to the UK, and
its excess carbon payment accounts for 0.5 percent of its aluminum
exports to the UK (refer to figure 2A.1, panel b).

* The United Arab Emirates is highly exposed to the UK CBAM’s
impacts in the fertilizer sector. Of its fertilizer exports, 0.2 percent is
destined to the UK, and its excess carbon payment accounts for
34 percent of its fertilizer exports to the UK (refer to figure 2A.1,
panel e).

* Tunisia is most exposed in the iron and steel sector, as 5 percent of
"Tunisia’s iron and steel exports go to the UK, with an excess carbon
payment that is equivalent to 26 percent of its exports to the UK
(refer to figure 2A.1, panel h).

On the other hand, the UK CBAM could improve the competitiveness
of Oman in the aluminum sector. This positions its exporters to gain a
competitive edge in the UK market, provided they can demonstrate
their carbon performance. Oman is likely to gain competitiveness in
the UK’ aluminum market because its CBAM trade exposure index is
negative, which means its carbon emission intensity is lower than
average producers in the UK (refer to panel 2A.1, panel c).
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FIGURE 2A.1

Some MENAAP Countries’ Trade Exposure in Certain UK CBAM Sectors Is Significant
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FIGURE 2A.1
Some MENAAP Countries’ Trade Exposure in Certain UK CBAM Sectors Is
Significant (continued)
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FIGURE 2A.1

Some MENAAP Countries’ Trade Exposure in Certain UK CBAM Sectors Is
Significant (continued)

i. CBAM TEI, iron and steel
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Sources: World Bank calculations using Maliszewska et al. 2025 based on 2022 trade data from the International Trade
Analysis Database (BACI) and 2017 emissions intensity data from Vidovic et al. 2023.

Note: Only countries with export values over US$0.5 million are included. Graphs present values for those countries where
emission intensity is available. Panels a, d, g, j represent ad valorem equivalent (AVE) of total embedded carbon payments
as a share of total exports of these products to the EU. To compare to the embedded carbon payments that an EU producer
would have for the same mix of products, the EU average emissions intensity for each product is multiplied by the
country’s exports by weight to the EU, and aggregated across the relevant products in the sector. Panels b, e, and h present
the trade exposure and excess carbon payment in the aluminum, fertilizer, and iron and steel sectors, respectively. They
present the decomposition of the Trade Exposure Index (TEI) into two components: carbon intensity relative to the UK and
export dependence. Panels ¢, f, and i express the Carbon Border Adjustment Mechanism (CBAM) TEl in percentage terms,
capturing the excess embodied carbon payments as a share of the value of the country’s global exports of the affected
sector (to achieve this, the TEl value is multiplied by 100). The carbon price is set at US$100 per metric ton of carbon
dioxide (CO,) equivalent, which is the assumed value that the carbon price will reach when the CBAM is fully phased in.
Carbon emissions intensity data is converted into kgCO2/USS. AVE = ad-valorem equivalent; CBAM = Carbon Border
Adjustment Mechanism; MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.
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ANNEX 2B. CARBON PAYMENTS AND EXPORTS OF
CBAM-AFFECTED PRODUCTS TO THE UK
TABLE 2B.1

AVE of MENAAP Countries’ Total Carbon Payments and CBAM-Affected Exports to
the UK

Exportsto UK Exports to Total carbon UK total carbon
(% of exports UK (USS, payment (% of payment (% of
CBAM product MENAAP country to world) millions) exports to UK) exports to UK)
Aluminum Bahrain 06 28 58 55
Aluminum Egypt, Arab Rep. 05 4 87 58
Aluminum Oman 1.0 12 70 76
Aluminum Qatar 05 9 7.1 7.9
Aluminum Saudi Arabia 44 91 6.4 6.0
Aluminum Tunisia 26 4 03 03
Aluminum United Arab Emirates 13 102 6.2 6.2
Cement Algeria 09 5 165.2 160.3
Fertilizer Algeria 23 42 398 379
Fertilizer Egypt, Arab Rep. 52 173 318 30.7
Fertilizer Jordan 0.1 1 217 96
Fertilizer Morocco 1.1 62 838 7.8
Fertilizer Saudi Arabia 0.0 3 539 50.7
Fertilizer United Arab Emirates 02 2 93.1 589
Iron and steel Algeria 4.0 47 452 273
Iron and steel Egypt, Arab Rep. 14 40 51.0 229
Iron and steel Morocco 10 3 278 126
Iron and steel Oman 0.0 3 340 15.1
Iron and steel Pakistan 03 2 30.1 136
Iron and steel Saudi Arabia 0.1 2 6.7 32
Iron and steel Tunisia 45 26 46.0 205
Iron and steel United Arab Emirates 2.1 137 330 15.1

Sources: Table original for this publication. Calculations using emission intensities from European Commission (2025) and
2023 trade data from the International Trade Analysis Database (BACI).

Note: The ad-valorem equivalent (AVE) is shown as a percentage of exports to the UK and can be understood as a tariff
equivalent of total carbon payments. CBAM = Carbon Border Adjustment Mechanism; MENAAP = Middle East, North Africa,
Afghanistan, and Pakistan.
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ANNEX 2C. CARBON PAYMENTS AND EXPORTS OF
CBAM-AFFECTED PRODUCTS TO THE EU

TABLE 2C.1

AVE of MENAAP Countries’' Total Carbon Payments and CBAM-Affected Exports to the EU

Exportsto EU  Exports to Total carbon EU total carbon
(% of exportsto  EU (USS, payment (% of payment (% of
CBAM product MENAAP country world) millions) exports to EU) exports to EU)
Aluminum Bahrain 25 1,184 7 7
Aluminum Egypt, Arab Rep. 67 521 9 7
Aluminum Iran, Islamic Rep. 2 13 7 7
Aluminum Jordan 8 12 2 4
Aluminum Lebanon 10 5 7 4
Aluminum Morocco 42 65 1 4
Aluminum Oman 24 281 7 7
Aluminum Pakistan 1 2 3 3
Aluminum Qatar 6 13 6 6
Aluminum Saudi Arabia 23 477 6 6
Aluminum Tunisia 55 75 2 2
Aluminum United Arab Emirates 25 2,001 7 7
Cement Algeria 23 131 182 176
Cement Egypt, Arab Rep. 7 60 144 138
Cement Morocco 22 27 131 184
Cement Pakistan 0 1 115 76
Cement Saudi Arabia 2 8 238 220
Cement Tunisia 37 66 115 109
Cement United Arab Emirates 1 5 101 77
Fertilizer Algeria 38 689 36 35
Fertilizer Bahrain 3 12 50 25
Fertilizer Egypt, Arab Rep. 38 1,244 29 27
Fertilizer Jordan 10 98 17 9
Fertilizer Lebanon 10 2 49 41
Fertilizer Libya 31 60 32 29
Fertilizer Morocco 13 743 " 9
Fertilizer Oman 5 12 47 25
Fertilizer Qatar 5 96 36 34
Fertilizer Saudi Arabia 1 68 31 27
Fertilizer Tunisia 23 69 10 9

(continued)



Appendix B: Annexes for Chapter 2 131

TABLE 2C.1

AVE of MENAAP Countries’' Total Carbon Payments and CBAM-Affected Exports to the EU
(continued)

ExportstoEU  Exports to Total carbon EU total carbon

(% of exportsto ~ EU (USS, payment (% of payment (% of
CBAM product MENAAP country world) millions) exports to EU) exports to EU)
Fertilizer United Arab Emirates 3 34 57 27
Iron and steel Algeria 23 267 44 27
Iron and steel Bahrain 0 6 25 1
Iron and steel Egypt, Arab Rep. 41 1,178 52 23
Iron and steel Iran, Islamic Rep. 2 36 30 28
Iron and steel Kuwait 3 4 14 7
Iron and steel Lebanon 15 1 21 9
Iron and steel Libya 43 142 45 14
Iron and steel Morocco 38 95 26 15
Iron and steel Oman 1 81 52 24
Iron and steel Pakistan 4 20 34 16
Iron and steel Qatar 2 1 17 8
Iron and steel Saudi Arabia 6 163 45 21
Iron and steel Tunisia 56 324 27 13
Iron and steel United Arab Emirates 7 488 30 14

Sources: Table original for this publication. Calculations using emission intensities from Vidovic et al. 2023 and 2022 trade
data from the International Trade Analysis Database (BACI).

Note: The ad-valorem equivalent (AVE) is shown as a percentage of exports to the EU and can be understood as a tariff
equivalent of total carbon payments. CBAM = Carbon Border Adjustment Mechanism; EU = European Union;
MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.
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ANNEX 2D. TRADE DIVERSION OF NON-CBAM
PRODUCTS, BY DESTINATION: SUPPLEMENTARY
FIGURES

FIGURE 2D.1

Change in Destinations of MENAAP Countries’ Exports Relative to Baseline

a. Algeria
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FIGURE 2D.1

Change in Destinations of MENAAP Countries’ Exports Relative to Baseline (continued)

c. Egypt, Arab Rep.
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FIGURE 2D.1

Change in Destinations of MENAAP Countries’ Exports Relative to Baseline (continued)

e. Jordan
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FIGURE 2D.1

Change in Destinations of MENAAP Countries’ Exports Relative to Baseline (continued)

g. Morocco
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FIGURE 2D.1

Change in Destinations of MENAAP Countries’ Exports Relative to Baseline (continued)

i. Qatar
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FIGURE 2D.1

Change in Destinations of MENAAP Countries’ Exports Relative to Baseline (continued)

k. Tunisia
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Source: World Bank calculations using Global Trade Analysis Project (Energy) model and GTAP 11 Circular Economy

Data Base.

Note: Graphs show the results of computable general equilibrium (CGE) modeling of impacts after the European Union’s full
Carbon Border Adjustment Mechanism (CBAM) implementation relative to the baseline (business as usual).

MENAAP = Middle East, North Africa, Afghanistan, and Pakistan; OECD = Organisation for Economic Co-operation and
Development; Rest of Europe = Andorra, Bosnia and Herzegovina, Faroe Islands, Gibraltar, Guernsey, Isle of Man, Jersey,
Kosovo, Monaco, Montenegro, North Macedonia, San Marino, Sark, and Vatican City; South Central Africa = Angola and Séo
Tomé and Principe.
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ANNEX 2E. IMPACT OF EU CBAM ON MENAAP
COUNTRIES’ EXPORTS

FIGURE 2E.1

Projected Change in MENAAP’s Exports to EU and Rest of the World, by Sector
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FIGURE 2E.1
Projected Change in MENAAP’s Exports to EU and Rest of the World, by Sector
(continued)
d. Fertilizerc
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FIGURE 2E.1

Projected Change in MENAAP’s Exports to EU and Rest of the World, by Sector
(continued)

f. Iron and steel (secondary)?
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Source: World Bank calculations using Global Trade Analysis Project (Energy) model and GTAP 11 Circular Economy

Data Base.

Note: The results are based on the results of computable general equilibrium (CGE) modeling of the impacts of full Carbon
Border Adjustment Mechanism (CBAM) implementation. The baseline is business as usual. The bars show changes in

USS$, millions and the circles, percentage changes. CBAM = Carbon Border Adjustment Mechanism; EU = European Union;
MENAAP = Middle East, North Africa, Afghanistan, and Pakistan; RoW = rest of the world.

a.“Aluminum (primary)”and “Iron and steel (primary)” refer to new metal extracted directly from raw natural resources.
“Aluminum (secondary)” and “Iron and steel (secondary)” refer to recycled metal produced by melting down existing scrap.
b. We observe more countries increasing their cement exports to the EU under the CBAM because, according to EC (2025)
data, high emissions intensities per ton of cement are concentrated in a relatively small group of countries. These high-
emitting countries—such as Belarus, Morocco, Tlrkiye, Ukraine, and a few others—face steeper carbon costs, which
significantly reduce their cement exports to the EU. Even if a large number of countries see increases of cement exports
into the EU, the overall volume of cement imports into the EU declines, but this decline is concentrated in that small group.
In other words, most other exporting countries have relatively lower emissions intensities and, thus, their cement is
exported to the EU at prices that are below the average import price into the EU. This gives them a relative advantage
under CBAM, allowing them to expand their exports. So, even though total EU imports fall, a wide group of relatively
lower-emission, lower-price countries increase their market share.

c. The emission intensities of Algeria and Egypt, Arab Rep., in fertilizer are close to the EU average, making their fertilizer
highly competitive. Additionally, factors like fossil fuel price fluctuations, relative emission intensity, and the
competitiveness of other sectors affect overall export performance: as some exports decline, others must increase because
of a fixed trade balance-to-GDP ratio in simulations.
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ANNEX 2F. FDI IN MENAAP

Foreign direct investment (FDI) plays a significant but uneven role in
MENAAP’s economies. Inward FDI stocks equal approximately half of
the region’s gross domestic product (GDP) (refer to figure 2E.1),
ranking just below Europe and Central Asia among low- and middle-
income economies, with considerable differences across countries.

In Lebanon, FDI stocks exceed 180 percent of GDP—Ilargely because
of the war and civil strife’s impact on output—while Bahrain and
Jordan also show high ratios at 96 percent and 80 percent, respectively.
In contrast, small oil-rich economies like Kuwait and Qatar have
among the lowest FDI-to-GDP ratios, at 10.5 percent and

11.5 percent, respectively.

FIGURE 2F.1
FDI Is Critical for MENAAP’s Economies

FDI inward stock as a share of GDP (%)
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Source: World Bank calculations based on 2023 United Nations Conference on Trade and Development (UNCTAD) Balance
of Payment data.

Note: Regional values are calculated by aggregating foreign direct investment (FDI) inward stock (the total accumulated
value of all foreign-owned assets at a specific time) and gross domestic product (GDP) across all countries in the region and
then dividing the total regional FDI inward stock by the total regional GDP.
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However, the MENAAP region has the third lowest share of greenfield
FDI in environmentally sustainable projects in emerging markets and
developing economies, with significant variation across countries.
Green FDI (defined as environmentally sustainable projects based on
the EU’s taxonomy) accounts for only 15 percent of total greenfield
projects in the region—one of the lowest regional shares globally.

Only North America (excluding the United States) and East Asia and
the Pacific have lower proportions, at 13 percent and 12 percent,
respectively (refer to figure 2F.2).

"This aggregate figure conceals significant variation across MENAAP
countries. Measured either by number of projects or investment in
fixed capital assets, the MENAAP countries with the highest
proportion of “green” greenfield FDI are the Republic of Yemen,
"Tunisia, Jordan, Egypt, Djibouti, and Morocco. Those with the lowest
shares are Kuwait, Libya, Qatar, and Iraq. The global decrease in
greenfield FDI announcements for iron and steel is not influenced by
MENAARP; however, significant reductions are observed in cement
(table 2E.1).

FIGURE 2F.2

MENAAP Has the Third Lowest Share of “Green” Greenfield
FDI among EMDEs

East Asia and Pacific

North America

Middle East and

North Africa 146
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the Caribbean 17.2
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“Green” greenfield FDI as a share of total FDI (%)

Source: World Bank calculations based on fDi Markets data.

Note: Regional values are calculated by aggregating “green” greenfield foreign direct
investment (FDI) projects across all countries in the region and then dividing the total
greenfield FDI projects by the total regional GDP, averaged over the latest three-year data
period. FDI greenfield projects are categorized as “green” (environmentally sustainable
projects) based on the European Union'’s taxonomy.
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TABLE 2F.1

The Global Decrease in Greenfield FDI Announcements
for Iron and Steel Is not Influenced by MENAAP, but
Significant Reductions Are Observed in Cement

Region Aluminum Iron and steel  Fertilizer Cement
) —-0.244 0.077 -0.171 0.054
Europe and Central Asia 0.152) 0.208) 0215) 0.126)
Middle East and —0.435%* 0213 -0.716 -0.327*%
North Africa (0.204) 0.211) 0.457) (0.197)
Latin America and the —0.710%** 0.116
Caribbean (0.210) (0.233)
) " —-0.285 0.068 —-0.030 —1.025%%*
East Asia and Pacific 0207) 0374) (0280) 0381)
) —1.478%*%** 0.371 —0.481
Sub-Saharan Africa (0320) (0347) (0.540)
South Asia —1.038%*** -0.359 —4,282%%*
(0324) (0.268) (0.286)
) -0.333 -0.037 -0.503**
North America 0275) 0221) (0.200)

Source: World Bank calculations based on fDi Markets data.

Note: The table shows the results from a gravity model regression (Yotov et al. 2016)
using the Trade Exposure Index (TEl) interacted with post-2019 dummy on log capital
expenditure (in US$, millions) by country pair and year, with year, source, destination
fixed effects, and region-specific interactions (see chapter 2, box 2.1 for details). A 0.25
estimate implies eA(0.25) — 1 = 0.28% higher greenfield foreign direct investment (FDI) in
2019 relative to pre-2019 level. MENAAP = Middle East, North Africa, Afghanistan, and
Pakistan.

Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent.
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ANNEX 2G. MENAAP COUNTRIES’ GVC EXPOSURE TO
THE EU CS3D

FIGURE 2G.1
GVC Exposure in the MENAAP Region to EU CS3D, by Sector
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(continued)
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FIGURE 2G.1

GVC Exposure in the MENAAP Region to EU CS3D, by Sector (continued)

c. Metal products
Share of domestic production (%)
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Sources: World Bank calculations and Arvis et al. 2025.

Note: The global value chain (GVC) exposure index follows the indicator developed by Arvis et al. (2025) using the
methodology of Baldwin, Freeman, and Theodorakopoulos (2022). Using the 2022 EORA global supply chain database,
GVC exposure to the European Union (EU) is the sum of direct exports to the EU and indirect exports to the EU over
domestic output of products. CS3D = Corporate Sustainability Due Diligence Directive; MENAAP = Middle East,

North Africa, Afghanistan, and Pakistan.

NOTE

1. Algeria faces CBAM trade exposure in cement, with a TEI of 0.04 percent.
Of its cement, 0.86 percent is exported to the UK, and excess carbon
payments amount to 5 percent of those exports.
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ANNEX 3A. SUPPLEMENTARY DATA

FIGURE 3A.1

Share of Firms Citing A2F as a Significant Constraint in
MENAAP and Globally

Share of firms (%)
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Source: World Bank Enterprise Surveys (WBES) dataset.

Note: Figure shows the share of firms, by size, that reported that access to finance (A2F) is
either a“major” or “very severe” business constraint. The WBES data cover 178 countries.
Small firms are those with 5-19 employees; medium firms, 20-99 employees; and large
firms, 100 or more employees. MENAAP = Middle East, North Africa, Afghanistan,

and Pakistan.



Appendix C: Annexes for Chapter 3 147

FIGURE 3A.2
SMEs’ Collateral-to-Loan Value Ratios in MENAAP Countries
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Sources: Betz and Ravasan 2016; Dornel et al. 2020; World Bank estimates.
Note: MENAAP = Middle East, North Africa, Afghanistan, and Pakistan.

FIGURE 3A.3
Issuance of Green Bonds, by MENAAP Country, in Relation to Selected COPs, 2016-25
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Source: World Bank compilations and data analyses.

Note: The figure displays the number of firms that have issued green bonds over time in the region. COP = Conference of
the Parties to the United Nations Framework Convention on Climate Change (UNFCCC); MENAAP = Middle East,

North Africa, Afghanistan, and Pakistan; UAE = United Arab Emirates.
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FIGURE 3A4

State Presence in High-Emitting Sectors in Relation to Climate-Vulnerable Sectors in
MENAAP Countries

Share of BOS in climate-vulnerable sectors (%)

100 . :
Median: 17% : A High state presence in
' climate-vulnerable sectors
80
® :
Lebanon
60 <« Low state presence in @ » High state presence in
carbon-intensive sectors | Jordan carbon-intensive sectors
........................... s
40+ @) O  Egypt, Arab Rep. Median: 44%
Morocco Tunisia
20 ;
¥ Low state presence in
' climate-vulnerable sectors
O T T T T T 1
0 10 20 30 40 50 60

Share of BOS in carbon-intensive sectors (%)

O Lower-middle income @ Higher-middle income

Source: World Bank 2023.

Note: The selected Middle East, North Africa, Afghanistan, and Pakistan (MENAAP) countries are those included in the World
Bank'’s Businesses of the State (BOS) database of firms with direct or indirect state ownership (World Bank 2023). The
quadrant thresholds are defined by the respective medians of the selected countries for each axis of the scatterplot. “High-
emitting” sectors include mining, oil, gas, and the chemical industry; selected manufacturing activities; selected
transportation; selected agricultural activities; and power generation. “Climate-vulnerable” sectors are those most prone to
the negative effects of climate change, identified using a risk classification by sectors and converted into Statistical
Classification of Economic Activities in the European Community (NACE) code, corroborated with results from the
literature. All countries exhibit a large share of BOS in the financial sector and the transportation sector, which are
vulnerable to climate. In addition, an important share of BOS operating in “climate-vulnerable sectors” come from the
hospitality sector in Jordan, from the construction sector in Morocco and Tunisia, and from the manufacturing and digital
sectors in Lebanon. BOS = Businesses of the State.

ANNEX 3B. COUNTRY RESPONSES TO EU CLIMATE
MITIGATION POLICIES

As in the Middle East, North Africa, Afghanistan, and Pakistan
(MENAAP), many other countries are preparing for upcoming changes
in trade regulations. India, Tiirkiye, and Viet Nam are among those
countries.
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India’s Steps Toward a Domestic Carbon Market

India is taking steps to support its steel and aluminum exports to the
EU under CBAM requirements. The government has initiated the
foundations for a domestic carbon market to help mitigate CBAM’s
impact, but businesses, particularly small and medium enterprises
(SMEs), continue to face challenges because of limited capacity,
complex carbon accounting, and difficulties in accessing funds to
innovate. The European Commission plans to help India in adapting to
CBAM and developing its emissions pricing system.

Tiirkiye’s Green Deal Action Plan

The Turkish government launched the Green Deal Action Plan
(GDAP) in 2021. The aim is to drive a comprehensive green
transformation, promoting a circular economy and establishing a
national emissions trading system (ETS). A Green Deal Working
Group has been set up and is developing methodologies for monitoring
emissions, creating a national ETS, and ensuring compliance with EU
standards. A pilot ETS targeting high-emission sectors is being
prepared.

There is a funding gap for this green transition, with the government
seeking external support and developing new incentives for green
technologies. For now, Turkish exporters seem to respond to CBAM by
shifting focus to less regulated markets, while major companies are
investing in carbon reduction technologies.

Viet Nam’s Focus on Textile Exports

Viet Nam is working on the EU CS3D. Viet Nam’s SMEs face
challenges in complying with the CS3D regulations for textile exports.
The government developed a National Action Program (2023-27) that
aims to promote responsible business practices. Viet Nam’s Textile and
Apparel Association (VITAS) has teamed up with international
organizations to offer training on environmental, social, and
governance (ESG) risk management.

Despite these initiatives, 80 percent of the country’s SMEs still struggle
with meeting CS3D requirements. They face increased costs for
compliance, process improvements, improved oversight of subsuppliers,
and investments in new management and reporting systems as well as
eco-friendly technologies.
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TABLE 3C.1

ANNEX 3C. ESTIMATING REVENUES WITH CPAT

The Climate Policy Assessment Tool (CPAT) is a tool for analyzing the
impacts of carbon pricing and fossil fuel reforms, among other climate
policies, along with several economic and noneconomic dimensions
(Black et al. 2023). CPAT’s main strength is its ability to produce rapid
results and its flexibility in policy design. In particular, it enables a
comprehensive assessment of the combined impact of a carbon tax and
the phasing out of fossil fuel subsidies. Table 3C.1 summarizes the
selected main parameters.

CPAT can also recycle the revenues through different options (labor
tax cuts, corporate tax cuts, public investment, current spending, and
compensatory transfers to households), but this alternative is not
considered here.

Revenues from carbon pricing policies are calculated net of indirect
changes in revenues (or expenditure) from preexisting energy taxes

(or subsidies). Direct revenues from carbon pricing simply correspond
to the price of carbon multiplied by the carbon dioxide (CO,) emissions
to which it applies.

Main Parameters for CPAT Analysis

Parameter

Unit Comments

Carbon tax scenario

The carbon tax scenario sets carbon prices at levels required to

Carbon tax USH/1C0, offset CBAM obligations without accounting for the subsidies.
Policy coverage Boolean All fuels, sectors, and industries covered by CPAT are selected.
Total carbon price scenario

Carbon tax US$/tCo, The same tax level as in the previous scenario is used.

Policy coverage Boolean All fuels, sectors, and industries covered by CPAT are selected.

Phasing out fossil fuel subsidies,

including
+ Exemptions
- Fossil fuel grants
« Price controls

Phasing-out  Allexisting types of subsidies are phased out over a period of five
years years, beginning in 2026.

- VAT rates deviating from the
economywide rate applied to fuel

Source: Black et al. 2023.

Note: CBAM = Carbon Border Adjustment Mechanism; CPAT = Climate Policy Assessment Tool; tCO, = tons of carbon
dioxide equivalent; VAT = value added tax.
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Figure 3C.1 breaks down the various revenue components considered
in CPAT. The tool first estimates revenues under the baseline
(business-as-usual) scenario. It then calculates revenues under the
policy scenario, where tax rates and fuel consumption are adjusted
according to the simulated policies. This leads to changes in revenues
from existing excise and other taxes, new excise or carbon taxes, value
added tax (VAT), and the phaseout of subsidies. Any remaining fossil
fuel subsidies in the policy scenario are subtracted from the total
estimated revenue.

Additionally, pursuing fossil fuel subsidy reforms can encourage
efficiency and discourage overconsumption. Large fossil fuel subsidies
in MENAAP undermine the carbon price signal by artificially lowering
prices, thereby driving up carbon-intensive output and making exports
more emissions intensive than those from the EU.

FIGURE 3C.1

CPAT Revenue and Cost Components

— Revenues from VAT (4)

— Revenues from additional excise tax (3)

— Revenues from existing excises and other taxes (2)

— Revenues from the baseline scenario (1)

— Cost of producer-side subsidies (5)

— Cost of renewable subsidies (6)

Source: World Bank compilations.

Note: The conceptual chart shows the four revenue components considered within the
Climate Policy Assessment Tool (CPAT), which are shown above “0,"and the two costs
considered in the structure of the tool. The “baseline scenario” represents business as usual.
VAT = value added tax.
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C ountries in the Middle East, North Africa, Afghanistan, and Pakistan (MENAAP)
region are among the most water-scarce in the world and increasingly vulnerable
to heat extremes, droughts, floods, and sea-level rise. Rising temperatures are already
reducing labor productivity, straining health systems, intensifying desertification, and
contributing to water scarcity, crop losses, and higher energy demand for cooling,
while deepening fragility, poverty, and displacement risks. These circumstances create
an urgent need to respond.

This report focuses on two concrete and immediate examples of how heat- and
trade-related policies in destination markets affect firms and the broader economy of
the MENAAP region. The report first quantifies the effect of more frequent periods of
extreme heat on firm performance in MENAAP and underlines a generally negative
impact, especially for smaller firms and those outside global value chains. Second, new
and forthcoming climate mitigation policies in Europe—a key trading partner—wiill
raise costs for firms exporting to that destination market, particularly through the EU
Carbon Border Adjustment Mechanism and the Corporate Sustainability Due Diligence
Directive. While the broad macroeconomic impact will likely be minimal, some sectors
and countries may be more affected.

Firms in MENAAP will need to adapt to this changing physical and regulatory
environment. Economic opportunities will indeed arise, linked to heat adaptation as
well as to the new trade measures in Europe that will offer positive prospects for some
countries in the region. Beyond these, the development of the renewable energy
market as well as the important role of resource efficiency for the region will offer
further opportunities.
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