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Main messages
•	 Environmental standards can power green development, but only if the tran-

sitions needed to comply with the standards are affordable and inclusive. 
Nearly 99 percent of people worldwide breathe air that is dirtier than World 
Health Organization (WHO) guidelines, costing lives and productivity. Meeting 
WHO’s guideline for atmospheric levels of particulate matter with a diameter of 
2.5 micrometers or less (PM₂.₅) could add almost two years to global life expec-
tancy, but the costs of compliance can hit poor households hardest. Balancing 
ambition with affordability is key to a just green transition.

•	 Countries cannot manage what they cannot measure. In most low- and middle-​
income countries, pollution and disaster monitoring remain dangerously thin: 
Only 4 percent of African governments and 7 percent of governments in Asia 
provide reliable data on air quality. Investing in monitoring infrastructure—from 
sensors to satellites—turns invisible threats into actionable information.

•	 One-size-fits-all standards do not fit anyone well. Blindly copying international 
norms for pollution can impose crippling costs, whereas fragmented stan-
dards cause pollution leakage, as when tighter US battery rules in 2009 pushed 
recycling to Mexico, raising local rates of low birth weight there by 21 percent. 
Coordinated or tiered approaches, backed by complementary policies, can curb 
leakage and share the burden more fairly.

•	 Strong enforcement turns standards from paper promises into cleaner air and 
safer water. Where capacity grows, compliance follows: China’s nationwide 
reform of its system for monitoring pollution cut atmospheric levels of PM₂.₅ by 
40 percent in five years, saving thousands of lives. Building capacity for enforc-
ing standards, through local institutions, technology, and transparency makes 
every dollar spent on environmental standards count.

•	 Environmental standards work best when designed with other goals in mind. 
Trade-offs are real: A third of global waste is still openly dumped or burned, and 
adaptation to climate change gets just 5 percent of global financing. Integrating 
environmental, social, and economic objectives ensures standards raise overall 
welfare instead of shifting burdens from one country to another.
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Worldwide environmental 
challenges
Human and economic activities inevitably generate 
waste and disruption, leading to a variety of environ-
mental issues ranging from localized air pollution to 
water and soil contamination to land degradation 
and dispersed global emissions of greenhouse gases. 
These issues not only pose serious risks to human 
health1 but also impose significant economic costs 
by reducing labor productivity, eroding human 
capital,2 and increasing the frequency and severity 
of extreme heat, droughts, floods, and biodiversity 
loss.3 Low- and middle-income countries urgently 
need to take steps to both mitigate pollution and 
adapt to climate change.

For instance, 99 percent of the world’s popu-
lation lives in areas in which pollution exceeds 
WHO Air Quality Guidelines, with the highest 
levels—and the fastest increases—concentrated 

in low- and middle-income countries.4 Particulate 
matter, particularly PM2.5 from combustion of fos-
sil fuel, poses the greatest health risk among air 
pollutants. Meeting WHO’s guideline for PM2.5 
levels of 5  micrograms per cubic meter (µg/m³) 
could increase average life expectancy globally by 
1.9 years, estimates indicate, as map 6.1 illustrates.5

Although environmental damage caused by 
human and economic activities imposes signifi-
cant costs on others, market prices often do not 
reflect negative effects of this type, known as 
externalities. Moreover, effective adaptation to 
climate change often depends on public goods, 
such as resilient infrastructure and timely infor-
mation about risks posed by climate change and 
strategies for adaptation to it, which are likely to 
be underprovided without proper incentives. Such 
market failures emphasize the crucial role of pub-
lic policies in tackling environmental challenges 
more effectively.

Map 6.1  People in low- and middle-income countries, in particular, could gain years of life 
if air quality were improved

Source: Air Quality Life Index, EPIC Clean Air Program, Energy Policy Institute, University of Chicago, https://aqli.epic​
.uchicago.edu/.
Note: The map shows the potential gain in life expectancy (in years), as of 2022, from meeting the World Health 
Organization’s guideline for atmospheric concentrations of particulate matter with a diameter of 2.5 micrometers or less 
(PM2.5).
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A natural case for 
environmental standards
Both market-based tools, such as pollution taxes 
and subsidies for climate-resilient technolo-
gies, and environmental standards can address 
environmental challenges by aligning private 
decisions with social costs. Market-based tools 
influence the prices of behaviors that either 
increase environmental challenges (actively or 
not) or help countries mitigate or adapt to them, 
whereas environmental standards require firms 
or individuals to follow established rules that 
reduce pollution, lessen damage, disclose emis-
sions to the public or regulators, and facilitate 
climate change adaptation.

When are environmental standards most effective 
compared with alternative market-based poli-
cies such as taxes and emissions trading? A good 
starting point for answering this question is the 
work by economist Martin Weitzman,6 which 
compares price-based and quantity-based regu-
lations. It finds that emissions standards that set 
maximum thresholds for emissions can be more 
efficient when it is critical to reduce emissions 
to a specific level, such as keeping local pollution 
below thresholds found to impair health. In con-
trast, when the priority is to minimize high and 
uncertain costs of abating pollution, emissions 
pricing is preferable in theory because it offers 
firms the flexibility to cut emissions at the low-
est possible cost. For example, a study in India 
found that pollution markets requiring firms to 
pay for emissions beyond allocated allowances 
decreased firms’ costs of compliance by an average 
of 11 percent compared with traditional standards 

for emissions, while accomplishing the required 
reductions in emissions.7 

However, in practice, emissions pricing often faces 
political resistance and has limited public support, 
making standards a more viable alternative in 
many cases. Additionally, it can be very difficult, 
if not impossible, to measure emissions for pric-
ing purposes. For instance, directly pricing emis-
sions from vehicles requires very costly real-time 
monitoring of emissions from individual cars.8 In 
contrast, standards for fuel economy that man-
date minimum levels of fuel efficiency are less vis-
ible to consumers and more politically acceptable 
and have been more widely adopted.9 Even when 
pricing instruments are implemented, standards 
in measurement and reporting requirements can 
play a critical complementary role by ensuring 
transparency and consistency in enforcement.

In addition, standards rarely operate in isolation; 
they are typically part of a broader policy mix. For 
instance, they are often complemented by subsi-
dies and investments in enhancing infrastructure 
for monitoring and by fostering green technologies 
and economic growth. Market-based instruments 
such as trading systems and taxes are also fre-
quently implemented to achieve standards (refer to 
figure 6.1). This highlights the potential for com-
bining standards with other policy tools to increase 
both compliance and overall effectiveness.

This chapter analyzes systematically when stan-
dards are effective tools for addressing environ-
mental challenges, their limitations, and how 
thoughtful policy design and better enforcement 
can enhance their impact.
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Figure 6.1  Environmental standards and other policies often coexist

Market-based instruments
Other instruments
Other non-market-based instruments
Standards
Targets, governance, and international
coordination

Source: WDR 2025 team elaboration, based on 2021 data from Climate Policy Database, NewClimate Institute, 
https://newclimate.org/resources/tools/climate-policy-database.
Note: The climate policy space network depicted in the figure illustrates instruments for climate policy as nodes linked 
together based on their tendency to occur together in countries’ mixes of climate policy (refer to Mealy et al. 2025). The 
size of the nodes reflects the number of times a given policy has been adopted across countries. The figure colors policy 
instruments according to broad policy categories. Standards (including those relating to products, sectors, vehicles, 
building codes, and performance labels) tend to occur together in policy mixes alongside other non-market-based 
instruments (such as auditing, monitoring, and reporting schemes) and market-based instruments (such as feed-in tariffs, 
carbon taxes, and schemes for trading emissions).
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Setting and enforcing 
environmental standards 
in practice
The overall objective of environmental stan-
dards is to maximize the benefits of address-
ing environmental issues while minimizing the 
costs to individuals and organizations comply-
ing with those standards, taking into account 
the enforcement capacity. Because benefits, 
costs, and enforcement capacity can all vary by 
local context, a one-size-fits-all standard may 
not be appropriate.

How countries set and enforce 
environmental standards

A top-down approach: Stronger standards 
to mitigate local pollution, driven by 
economic growth, along with the resulting 
pollution and improved capacity to 
manage local environmental issues

When do countries choose to adopt environmen-
tal standards? For local pollutants, countries tend 
to adopt more stringent standards as their econ-
omies grow, which contributes to increased air 
quality (refer to figure 6.2, panel a). Despite the 
significant health and economic costs of pollution 
and climate change, countries often do not make 
environmental issues a priority, especially those 
countries facing conflict or struggling to meet 
basic security needs.

However, a different pattern emerges for air qual-
ity when countries that have adopted national 
PM2.5 standards are considered. Among such 

countries, both lower-income and higher-​income 
countries tend to adopt relatively stringent stan-
dards, whereas middle-income countries adopt 
the least stringent ones (refer to figure 6.2, 
panel  b). It appears that when setting pollution 
standards, countries do not follow the framework 
depicted in figure 2.5 in chapter 2, balancing the 
stringency of standards with countries’ ability to 
comply with them. Instead, lower-​income and 
higher-income countries adopt similarly strin-
gent standards, although their enforcement 
capacity varies. Higher-income countries are 
more effective at implementing and enforcing 
standards, resulting in lower pollution levels. In 
contrast, lower-income countries often struggle 
with enforcing compliance, and pollution lev-
els remain high, resulting in a compliance gap. 
The compliance gap—in this case, the failure to 
meet national standards—is more pronounced in 
lower-income countries.

In the case of dispersed global emissions of green-
house gases, per capita emissions of carbon diox-
ide are higher in high-income countries than 
in low- and middle-income countries (refer to 
figure 6.3). This is because economic growth relies 
heavily on energy, often produced with fossil fuels. 
Also, countries have relatively weaker incentives 
to address global emissions compared with those 
for tackling local pollution. That is, whereas cli-
mate change mitigation has global benefits, the 
costs are borne locally. To encourage broader par-
ticipation in efforts to address global emissions, it 
is important to emphasize local cobenefits, such 
as improved health and air quality, and to develop 
mechanisms that help monetize benefits to the 
global climate.
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Figure 6.2  Higher-income countries are more likely to adopt standards for air pollution 
and to improve their air quality
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Source: WDR 2025 team, based on Air Quality Life Index, EPIC Clean Air Program, Energy Policy Institute, University of 
Chicago, https://aqli.epic.uchicago.edu/; World Bank data.
Note: In panel b, the national standard index for particulate matter with a diameter of 2.5 micrometers or less (PM2.5) 
is constructed by standardizing each country’s actual national standards for PM2.5. A value of 10 represents the most 
stringent standard, whereas a value of 1 represents the least stringent, and a value of 0 indicates no national standard 
has been adopted. Data on national standards are sourced from the Air Quality Life Index (AQLI), and air pollution 
concentrations and GDP per capita are obtained from the World Bank. The World Health Organization (WHO) has set 
an annual average PM2.5 concentration of 5 micrograms per cubic meter (μg/m³) as its Air Quality Guideline (AQG) and 
35 μg/m³ as the Tier 1 interim target.

A bottom-up approach: Demand and 
enforcement of standards driven by public 
awareness

In addition to rising levels of pollution and a per-
ceived need to enhance capacity to tackle local 
environmental problems caused by economic 
growth, public awareness and citizen complaints 
can also boost the demand for and enforcement of 
environmental regulations. One study found that 
after US embassies installed air quality monitors 

at US diplomatic sites and publicly shared real-
time data on air pollution, concentrations of 
fine particulates dropped by 2 µg/m³ to 4 µg/m³, 
especially in countries with limited infrastructure 
for monitoring such pollution. Increased govern-
ment efforts to reduce pollution likely caused the 
decline.10 In China, public complaints submit-
ted via social media have also proven effective in 
prompting more rigorous local inspections that 
help reduce violations of emissions standards and 
improve air quality.11
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Figure 6.3  Emissions of carbon dioxide 
per capita often continue to rise as 
countries grow richer
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Source: WDR 2025 team, based on 2020 data from 
Global Carbon Project, Future Earth, https://www​
.globalcarbonproject.org/.
Note: The red line represents the fitted values based on 
observations from countries and regions in 2020.

figure 6.4, panel a, yields the result that countries 
with larger compliance gaps in regard to standards 
for air pollution in 2010 reduced pollution less by 
2020, even compared with peers at similar levels 
of development and pollution. In addition, cor-
ruption has been reported in various contexts in 
which inspectors were bribed to falsify results to 
enable responsible entities to appear compliant 
with environmental standards.12 Also, it has been 
documented that enforcement of standards for 
water pollution has been strategically focused on 
firms located upstream of monitoring stations, 
resulting in unequal regulatory treatment and 
economic distortions.13

On average, countries with higher incomes, which 
are also correlated with greater state capacity, are 
more likely to enforce compliance with standards 
related to air and water quality (refer to figure 6.4).14 
This is partly because national standards rely 
on local inspectors to monitor compliance and 
enforce regulations, and enforcement can be com-
promised at the local level when state capacity 
is weak. When weak state capacity results from 
limited resources for local inspections, targeted 
inspections have been found to be more effective 
at reducing emissions than randomly assigned 
ones, as shown in a study conducted in Gujarat, 
India.15 In addition, emerging satellite-based mea-
sures of pollution can also serve as an indepen-
dent source for cross-checking the credibility of 
self-reported data on pollution, which are subject 
to data manipulation (refer to box 6.1).

However, even with strong state capacity, effec-
tive local enforcement can face challenges when 
the incentives of local regulators do not align 
with those of the national government. As a 
result, complementary policies and efforts are 
required to expand capacity for enforcing com-
pliance. For instance, water pollution travels 
across jurisdictional boundaries. Local officials 
may be less concerned about pollution that flows 

The importance of robust enforcement: 
The problem of the compliance gap

Effective environmental standards rely not only 
on proper design, but also on strong enforcement, 
which depends on adequate capacity for compli-
ance. In practice, compliance with regulations 
regarding air pollution—the difference between 
de jure standards and actual pollution levels—
increases as a country’s income rises, indicating 
that lower-income countries tend to set pollution 
standards but fail to enforce compliance with 
them (refer to figure 6.4, panel a). Consistent with 
the framework described in chapter 2, standards 
greater than a country’s compliance capacity can 
generate inefficiencies. Using the same data as in 
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downstream, beyond their area of responsibil-
ity. Research in Brazil found that redrawing of 
county borders, which altered the distance to 
downstream boundaries, altered levels of water 
pollution. For every kilometer a river moves 
closer to a downstream border on a redrawn 
map, the concentration of bacteria—as measured 

by biochemical oxygen demand (a key indicator 
for organic pollution in water that quantifies the 
amount of oxygen that microorganisms require 
to decompose organic matter)—was found to 
increase by 1.5–3.0 percent, because standards 
become progressively more lax as the river moves 
downstream and across borders.16

Figure 6.4  Compliance with environmental standards increases as countries develop
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Sources: Air Quality Life Index, EPIC Clean Air Program, Energy Policy Institute, University of Chicago, https://aqli.epic​
.uchicago.edu/; Jones et al. 2023; WHO 2021.
Note: Data on national PM2.5 standards for 78 countries and regions are collected through the Air Quality Life Index 
based on gazetted documents or official government press releases. National standards for drinking water quality 
for 125 countries and regions are collected from a 2021 survey by the World Health Organization (WHO 2021). Data 
on concentrations of fecal coliforms are from Jones et al. (2023). The red line represents the fitted values based on 
observations from countries and regions. The area below the zero line indicates noncompliance, and that above the 
zero line indicates compliance. cfu/ml = colony-forming units per milliliter; µg/m³ = micrograms per cubic meter; 
PM2.5 = particulate matter with a diameter of 2.5 micrometers or less.
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Box 6.1	 Nowhere to hide: Emerging satellite-based measures of pollution

Despite robust networks for monitoring exposure to pollution in many high-income coun-
tries, the majority of the world’s population lives in areas for which high-quality data on such 
exposure are lacking. Only 3.7 percent of governments in Africa, 6.8 percent in Asia, and 
19 percent in Latin America provide reliable data on air quality.a

Emerging technologies are beginning to fill the gaps in such coverage. Machine learning 
applied to satellite imagery now enables pollution levels to be estimated in greater detail. 
This includes levels of air pollution, water quality indicators, and emissions of greenhouse 
gases. Satellites detect pollution by using advanced sensors to measure how various sub-
stances absorb or reflect sunlight at specific wavelengths. This allows scientists to estimate 
concentrations of pollutants like nitrogen dioxide, particulate matter with a diameter of 
2.5 micrometers or less, methane, and chlorophyll (a proxy for excessive nutrient enrichment 
and thus a sign that water quality has degraded) from space at fine spatial resolutions, such 
as less than one kilometer.b

However, given current technology, satellite data are best viewed as a supplement to, rather 
than a substitute for, ground-based monitoring. Factors like cloud cover and limited vertical 
resolution can influence the accuracy of satellite data at ground level, which is essential for 
evaluating human exposure. Therefore, it is important to account for prediction errors in 
satellite-based estimates. Additionally, satellite data generally cannot offer both high tem-
poral and spatial resolution to the same degree as continuous ground-based monitoring. 
Combining satellite measurements with those provided by ground-based infrastructure can 
significantly and effectively lower the costs of monitoring air quality.c

Source: WDR 2025 team.
	a.	Hasenkopf et al. (2023).
	b.	Di et al. (2016); Fowlie et al. (2019); van Donkelaar et al. (2019). 
	c.	Hoffmann and Milusheva (2024).

The evolution of standards as 
compliance capacity and pollution 
levels change

Expanding compliance capacity

To address the compliance gap stemming from 
limited state capacity and misalignment of local 
incentives with those of national regulators, many 
countries have worked to expand their capabilities 
for enforcing environmental standards in line with 
the ambition of these standards. In  particular, 

advancements in technologies for monitoring 
pollution and institutional reforms have proven 
effective in strengthening capacity for enforcing 
compliance. For example, in China, automated 
systems for monitoring levels of particulate matter 
with a diameter of 10 micrometers or less (PM10), 
installed starting in 2013 and centrally managed 
by 2015, increased reported levels of PM10 by 
35 percent, indicating reduced local underreport-
ing,17 and led to greater enforcement and lower 
pollution.18 Additionally, public access to mon-
itoring data can increase awareness, encourage 
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adaptive behavior, and increase accountability.19 
Transparent, reliable systems for monitoring 
levels of pollution are thus critical for effective 
enforcement and pollution reduction.

Transparent data on pollution alone, however, 
may be insufficient to address the misalignment 
of the incentives of local regulators and those of 
central governments. For instance, regulators may 
respond strategically to data from pollution mon-
itors by concentrating their enforcement efforts 
near those monitors rather than reducing pollu-
tion citywide.20 In contrast, institutional reforms 
have been shown to effectively align the behavior 
of local regulators with national environmental 
goals. One strategy is to link outcomes of local 
enforcement to career incentives, for instance, 
by making promotions contingent on meeting 
national environmental targets21 or by granting 
higher-level agencies for environmental protec-
tion direct authority over the promotion of local 
regulators.22

Regional and international institutions can 
also play a vital role in fostering cooperation on 
environmental challenges that cross national 
boundaries. For example, the United Nations 
Economic Commission for Europe’s Convention 
on the Protection and Use of Transboundary 
Watercourses and International Lakes provides 
an international legal framework and platform for 
promoting the sustainable management of shared 
water resources. However, implementation 
remains limited. Only 43 of 153 countries with 
shared water resources have operational arrange-
ments that cover at least 90 percent of their trans-
boundary rivers, lakes, and aquifers.23

Finally, not all environmental standards are 
mandatory; voluntary standards can help ease 
resistance from industry by allowing firms to 
opt into compliance.24 When credible and well 
enforced—for instance, through third-party ver-
ification—they can potentially encourage com-
pliance, normalize responsible practices, and 

open access to sustainability-oriented markets. 
For example,  certification under International 
Organization for Standardization (ISO) 14001 
may offer economic benefits such as access to 
regulated markets and lower capital costs and 
appeal to environmentally conscious employees.25 
However, evidence on the environmental impact 
of voluntary standards is mixed, reflecting wide 
variation in both standards and baseline prac-
tices. Some studies find gains in forest habitat, 
climate change mitigation, and biodiversity;26 
others report only limited improvements.27 Thus, 
voluntary standards should be adopted with cau-
tion and strengthened through transparency and 
third-party verification.

Adopting and upgrading standards

After adoption, environmental standards are often 
updated to reflect changes in pollution levels and 
enforcement capacity. Thailand, for instance, 
tightened its national standard for PM2.5 levels 
in 2023 to better align it with observed declines 
in pollution, though PM2.5 levels in the coun-
try still exceed the WHO Air Quality Guideline 
of 5 µg/m³. Dhaka, Bangladesh, consistently 
recorded extremely high concentrations of PM2.5, 
and it relaxed its national standard—previously 
more stringent than WHO’s Tier 1 interim target 
of 35 µg/m³—to match actual levels in the country, 
possibly reflecting persistent noncompliance with 
the stricter standard.

Numerous studies have documented that when 
standards are effectively implemented, they can 
significantly improve environmental outcomes 
in both high- and low- and middle-income coun-
tries.28 For example, in the United States, the 1970 
Clean Air Act, which set county-level limits on 
total amounts of suspended particulates in the 
air, led to a 10 percent reduction in these particu-
lates within three years in counties that exceeded 
the thresholds.29 The 1990 amendments to the 
act, which added PM10 as a targeted pollutant, 
reduced PM10 concentrations by 11–14 percent 
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(7–9 μg/m³) between 1990 and 2005 in noncom-
pliant counties.30 In 2014, China launched its “war 
on pollution,” introducing national standards, 
annually adjusted, for PM2.5 levels and strength-
ening air monitoring, data disclosure, and official 
accountability. By 2018, PM2.5 levels in the country 
had fallen by 40 percent, levels of sulfur dioxide 
by 65 percent, and levels of carbon monoxide by 
33 percent. Compliance with the standard for PM2.5 
levels rose from 20 percent of cities (13  percent 
of the population) in 2013 to 41 percent of cities 
(29 percent of the population) by 2018.31

Fully understanding the benefits 
and associated economic costs of 
environmental improvements

Using well-designed environmental 
standards to spur competitiveness and 
positive effects in the economy

A major concern for countries considering the 
adoption or strengthening of environmental stan-
dards is that such standards can increase compli-
ance costs for polluting firms, potentially reducing 
their competitiveness with firms elsewhere, which 
may not be subject to the same standards.32 Firms 
may be required to invest in abatement technol-
ogies or change production processes, increasing 
their operational costs. Abatement costs have 
been widely documented and quantified across 
various polluting sectors.33 Importantly, such 
costs can vary significantly depending on factors 
like firm size, technological capacity, and market 
structure.34

However, more stringent regulations do not 
always diminish competitiveness in the long 
term.35 According to the Porter hypothesis,36 
well-designed environmental policies have the 
potential to spur improvements in efficiency, 
overcome inertia in organizations, lower long-
term costs, and promote innovation. Whether 
these positive effects are realized depends heavily 
on context, policy designs, and implementation.37

Developing countries may have the opportunity to 
leapfrog older technologies that cause more pollu-
tion and to facilitate green growth, particularly in 
sectors such as energy and transportation, by com-
bining environmental standards with green indus-
trial policies.38 Such an approach can be especially 
effective when transitioning directly to cleaner 
technologies is more cost-effective in the long 
term and better aligned with a country’s compar-
ative advantage than retrofitting or cleaning up 
existing systems. For example, China’s large-scale 
efforts to promote the production and adoption 
of electric vehicles not only have reduced local air 
pollution and emissions of greenhouse gases39 but 
also have enabled the country to leapfrog technol-
ogies for internal combustion engines that were 
traditionally dominated by Germany, Japan, and 
the United States. As a result, China accounted for 
nearly 70 percent of global sales of electric vehicles 
in 2023.40

Reductions in pollution offer benefits beyond 
health improvements. They can enhance work-
ers’ productivity41 and boost human capital, as 
reflected in standardized test scores42 and labor 
market outcomes such as earnings;43 increase 
housing values through better environmental 
amenities;44 and make regions more attractive to 
skilled workers.45 These benefits vary depending 
on factors such as population density, demograph-
ics, economic structure, and baseline levels of pol-
lution. For instance, high-density urban areas may 
experience greater health gains per unit of pollu-
tion reduced than do sparsely populated regions.

Therefore, it is important to understand the ben-
efits of environmental improvements and the 
associated economic costs. Environmental issues, 
especially mitigation of climate change, which 
imposes global costs rather than only local costs, 
are not realistically a top priority for low-income 
countries still struggling with poverty. Putting 
a priority on adaptation to climate change is 
more important for these countries, as climate 
change can lead to significant local economic 
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losses. Many  middle-income countries, on the 
other hand, could achieve economic benefits by 
addressing environmental issues. The challenge 
is to fully understand the costs and benefits and 
to carefully design environmental policies that fit 
local contexts, rather than treating these issues as 
isolated concerns. Tailoring these policies to the 
local context is also consistent with the principle 
of Common but Differentiated Responsibilities 
and Respective Capabilities established in the 
1992 United Nations Framework Convention on 
Climate Change at the Rio Earth Summit. This 
principle recognizes that countries share respon-
sibility for addressing climate change, but respon-
sibilities and capacities differ, with high-income 
countries expected to take the lead.

Addressing the issue of emissions leakage 
through coordination across jurisdictions

Setting standards at different levels across regions 
can help the standards reflect local variations in 
the costs and benefits of pollution reduction. 
However, such an approach introduces emissions 
leakage, in which polluting activities or prod-
ucts shift to jurisdictions with weaker standards. 
When emissions leakage worsens environmental 
outcomes, it reduces the overall effectiveness of 
efforts to reduce pollution. Additionally, low- and 
middle-income countries—often with less strin-
gent environmental regulations—risk becoming 
“pollution havens,” which can exacerbate global 
inequalities in environmental quality. These con-
cerns highlight the need for coordination across 
jurisdictions to ensure both the effectiveness and 
the fairness of environmental standards.

For example, huge volumes of plastic waste are 
traded globally (6.66 million tonnes in 2022 
alone),46 often shipped from high-income coun-
tries to lower-income ones for recycling or dis-
posal. The prices paid for this waste typically 
do not reflect its full social and environmental 
costs, partly because the receiving countries lack 
adequate environmental standards for waste 

management. As a result, these countries dis-
proportionately bear the environmental bur-
den of waste generated elsewhere without fair 
compensation.

Complementary policies can help reduce emis-
sions leakage, a topic later sections examine 
in more detail. Furthermore, as countries that 
import emissions develop, they may no longer 
remain passive recipients. Instead, emissions leak-
age could prompt them to adopt stricter environ-
mental regulations and thus reduce the leakage.47

Importantly, not all leakage results in worse envi-
ronmental outcomes. The context is key. For 
example, used vehicles exported from the United 
States to Mexico are often cleaner to operate 
than Mexico’s domestic fleet, which lowers the 
country’s average emissions per mile. However, 
because these vehicles tend to stay in use longer 
in Mexico, their lifetime emissions can increase.48 
Similarly, location mandates that require pollut-
ing industries to relocate from densely populated 
areas to less crowded ones can increase the quality 
of local air at or near the industries’ original sites, 
although firms may incur higher costs in their new 
locations.49

Standards for localized 
air pollution, solid waste, 
emissions of greenhouse 
gases, and adaptation to 
climate change
There are multiple types of environmental stan-
dards, and each type addresses environmental chal-
lenges in a distinct way, making certain types more 
suitable and effective depending on the context. 
Measurement standards can provide information 
as a public good. National targets, such as national 
air quality standards, set overarching goals that 
guide policy development and regulatory action. 
Technology standards, such as bans or phase-outs 
of fossil-fuel-based equipment, directly promote 
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the adoption of cleaner technologies. In contrast, 
performance standards, including energy efficiency 
requirements or emissions standards, regulate 
environmental outcomes while allowing flexibility 
in how those outcomes are achieved. This section 
examines specific environmental standards aimed 
at addressing challenges ranging from localized air 
and water pollution, to solid waste that causes both 
localized and dispersed pollution, to emissions of 
greenhouse gases that are highly dispersed. It also 
explores the role of standards in enabling adapta-
tion to climate change. The discussion focuses on 
the specific impacts of these standards, outlines 
the contexts in which they are most effectively 
applied, and provides policy recommendations for 
their practical implementation.

Standards for localized air pollution

Setting overarching goals: Place-based 
quality standards for ambient air

Governments can set quality standards for ambi-
ent air as a basis for broader environmental reg-
ulations, often informed by WHO guidelines 
but adapted to take into account local costs and 
benefits. These standards target overall envi-
ronmental outcomes without mandating spe-
cific technologies, offering local flexibility. For 
instance, Brazil’s 2024 National Air Quality Policy 
sets pollution limits nationwide under Federal 
Law No. 14,850/2024. However, without strong 
local enforcement, outcomes can vary, so quality 
standards for ambient air are often combined with 
other measures.

Nonetheless, place-based standards can also cause 
emissions leakage, as regions with stricter stan-
dards may lose production to less regulated ones. 
In China, such leakage offset up to 60 percent of 
reductions in local emissions achieved using place-
based standards.50 Similarly, tighter US standards 
for lead disposal in 2009 led to increased exports 
of batteries to Mexico and a 21 percent increase in 
low birth weight near recycling plants.51

Moreover, when pollution levels are hard to 
measure, setting air quality standards can be 
challenging. For example, indoor air pollution 
is seldom regulated because monitoring it is 
difficult. However, it disproportionately harms 
women in countries like Ethiopia and Uganda 
where highly polluting forms of cooking fuel are 
used.52 In such cases, promoting clean fuels and 
reducing barriers to adoption of standards may 
be more effective.53

Designing enforceable standards based 
on compliance capacity: Technology 
standards versus performance standards

National air quality standards set broad targets but 
are often accompanied by more practical tools like 
technology or performance standards. Technology 
standards mandate or prohibit the use of specific 
technologies (such as catalytic converters or coal), 
making enforcement easier when proven solutions 
are available. Manipulation of emissions data also 
affects this type of standard less.54 Performance 
standards, by contrast, set emissions or efficiency 
thresholds, allowing firms flexibility in how they 
comply with them.

For example, the US Clean Air Act required cata-
lytic converters on cars manufactured after 1975, 
cutting emissions by 50–99 percent per mile.55 
In India, similar mandates for catalytic converters 
have been shown to lower rates of infant mor-
tality, whereas general air quality standards have 
had little effect on these rates.56 When companies 
can choose among several technologies for pol-
lution abatement, performance standards can be 
more effective. Standards for fuel economy set 
minimum thresholds for miles traveled per gal-
lon of fuel instead of specifying engine design, 
and both high- and low- and middle-income 
countries have adopted them (refer to figure 6.5). 
Standards for industrial emissions often measure 
pollution per unit of output, allowing companies 
to choose the most cost-effective ways to meet 
the requirements.
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Figure 6.5  Countries around the world 
have adopted standards for fuel economy
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Countries often decide on the stringency of per-
formance standards using cost-benefit analy-
sis, comparing the costs of compliance (such as 
increased expenses related to vehicle production 
or ownership) with potential benefits like fuel sav-
ings and environmental improvements. However, 
uniform standards for performance may not suit 
all countries, because they overlook differences in 
economic conditions and technological readiness. 
Additionally, when compliance costs are uncer-
tain, fixed standards for performance can be too 
strict in contexts with high costs.57

When effectively designed and enforced, however, 
performance standards can substantially reduce 
emissions.58 In China, stricter limits on sulfur 
dioxide cut diseases related to air pollution by 
39 percent between 1998 and 2010, and Jakarta’s 

2018 adoption of Euro 4 emissions standards, 
which set stricter standards for vehicle emis-
sions of various pollutants, led to 58 percent and 
49  percent drops in emissions of nitrous oxides 
and carbon monoxide, respectively.59 Performance 
standards also spur innovation, driving growth 
in patents for pollution abatement technologies 
and adoption of such technologies in middle- and 
high-income countries.60

In the design of technology or performance 
standards, it is critical to take a dynamic perspec-
tive, especially when the standards apply to long-
lived assets. For instance, coal-fired power plants 
can remain in operation for 30–50 years, creating 
lock-in effects that delay the transition to cleaner 
alternatives. In such cases, if retrofitting is more 
expensive than building new facilities, early deci-
sions regarding investment can have long-lasting 
consequences. Forward-looking mandates concern-
ing technology can help steer investment toward 
cleaner options from the outset. Additionally, 
reducing uncertainty about the adoption and 
enforcement of performance standards before 
long-term investments are made can significantly 
influence technology choices and related out-
comes for pollution.61

Both technology and performance standards, 
however, come with economic costs. In some 
cases, they can raise product prices, reduce firm 
productivity, and disrupt labor markets, requiring 
careful evaluation. For instance, electricity prices 
in the United States rose 11 percent after standards 
regarding renewable portfolios were put in place,62 
and pollution controls in Indian coal plants may 
increase generation costs by 9–25 percent.63 Stricter 
standards reduced productivity by 4.8  percent 
in polluting plants in the United States64 and by 
24 percent in polluting firms in China.65 Closures 
of coal plants also caused lasting income losses for 
US miners.66 Complementary policies like energy 
subsidies,67 green bonds,68 and targeted job train-
ing69 can help offset these costs and support a just 
transition.
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Lastly, emissions leakage can occur when technol-
ogy or performance standards apply only to parts 
of the market. For example, retired coal equip-
ment may be exported to countries with weaker 
regulations than those in the exporting country, 
shifting emissions abroad.70 In the United States, 
mandates like the one for catalytic converters 
and standards for fuel economy in new vehicles 

increased the costs of the latter, prompting some 
people to keep older, more polluting cars longer, 
offsetting environmental gains. Complementary 
measures such as scrappage incentives or higher 
fees for older vehicles can help, though they may 
burden low-income households.71 Similar policies 
can also strengthen standards in the area of water 
pollution (refer to box 6.2).

Box 6.2	 Advancing safe and efficient use of water through standards and 
complementary policies

Growing urbanization and climate change are making the need for safe and efficient use of 
water more critical. Contaminated water and inadequate sanitation contribute in a major way 
to the transmission of diseases, including cholera and diarrheal illness, and could increase 
mortality from digestive cancers.a Contaminations originate from diverse sources, including 
industrial waste, agricultural activities, and the infiltration of pathogen-laden surface water 
into groundwater as a result of weak infrastructure. In addition, water loss in distribution and 
inefficient use, in areas such as irrigation or industry, waste resources at a time of growing 
scarcity.b

Standards and complementary policies play a critical role in addressing these challenges by 
setting clear benchmarks for safety and efficiency, monitoring, and accountability. Recognizing 
the importance of controlling water pollution, 103 out of 125 countries in a World Health 
Organization survey had adopted national standards for fecal coliforms by 2019.c 

Yet improving water quality is challenging on account of the relatively low visibility of water 
pollution, compared with that of air pollution, and the complexity of measuring it. Monitoring 
drinking water is particularly difficult, requiring household-level testing and accounting for 
contamination in distribution pipes.d 

Two complementary policies have been shown to significantly enhance the effectiveness 
of standards regarding water pollution. First, complementary public investment, such as 
funding for infrastructure to treat wastewater, can lower compliance costs for polluters and 
increase compliance with standards.e However, these investments can have substantial costs. 
For example, the United States invested US$650 billion (in 2014 dollars) in such infrastructure 
between 1972 and 2001.f 

(Box continues next page)
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Second, strong enforcement and public awareness, including investments in monitoring 
technologies and increased transparency, can strengthen accountability and increase com-
pliance.g In contrast, where enforcement is weak and public sector engagement is limited, 
standards regarding water pollution may fail to yield meaningful improvements in water 
quality.h

Standards that encourage water-saving technologies and monitoring systems to detect 
distribution losses can advance efficient use of water. Public campaigns, behavioral nudges, 
and financial incentives can further raise awareness and promote water conservation on the 
consumer side.i

Source: WDR 2025 team.
	a.	Ebenstein (2012); UNEP (2021).
	b.	Liemberger and Wyatt (2019).
	c.	WHO (2021).
	d.	Gazze (2024).
	e.	Keiser and Shapiro (2019). 
	f.	Keiser and Shapiro (2019). 
	g.	He et al. (2020); Olmstead and Zheng (2021).
	h.	Greenstone and Hanna (2014).
	 i.	Akesson et al. (2023).

Box 6.2	 Advancing safe and efficient use of water through standards and 
complementary policies (continued)

Standards for non-point-source 
solid waste

Municipal solid waste—waste generated by 
households, businesses, and institutions—can 
affect air, water, and soil pollution if mismanaged. 
Out of the estimated 2.24 billion tonnes of waste 
generated worldwide in 2020, about 37 percent 
was managed through some form of landfill, 
13.5  percent was recycled, 5.5 percent was com-
posted, 11 percent was incinerated, and 33 percent 
was openly dumped or burned.72 Mismanaged 
waste directly dumped onto land or burned might 
contaminate land or water, exacerbate flooding if 
it clogs canals and waterways, cause air pollution, 
support the spread of vector-borne diseases, or 
any combination of these.73

Unlike air and water pollution, which come from 
single, identifiable sources, municipal solid waste, 
as a type of non-point-source pollution, originates 
from many dispersed sources, making it difficult 
to trace and manage.74 As a result, governments 
play an essential role in providing public goods 
to facilitate waste management and in establish-
ing comprehensive standards and policies to align 
the incentives of different actors and coordinate 
in the waste value chain to collectively manage 
waste. The goal is not only to reduce mismanaged 
waste, but also to curb the generation of waste.75

Standards for management of municipal solid 
waste are typically set at the national level and 
further refined and implemented at the local level, 
from those for waste generation and collection to 
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those for waste treatment and disposal. Although 
the minimum desired standards are universal 
waste collection and safe disposal, the provision of 
services will differ based on the local context. For 
example, in Tiquipaya, Bolivia, waste is collected 
twice a week, with a bell signaling that residents 
should bring their trash directly to the collection 
truck, an approach suited to the town’s narrow 
streets and limited sidewalks. 

Many countries set standards for postcollection 
management of waste to coordinate actors along 
the value chain. For instance, a World Bank proj-
ect in Ningbo, China (2013–20), implemented a 
system for collecting certain types of waste sep-
arately from the remainder, with results-based 
payments giving residents an incentive to follow 
standards for sorting. This allowed the munici-
pality, through a public-private partnership, to 
process uncontaminated organics using a new 
anaerobic digester, generating 29,000 cubic 
meters of biogas daily and increasing dry recy-
clables to 71,600 tonnes per year. The project 
resulted in a reduction of 1.94 million tonnes of 
carbon emissions.76

Solid waste can be transported and traded. In some 
cases, it is more cost-effective to export waste than 
to process it domestically, creating a global market. 
As a result, one country’s standards for managing 
waste can have cross-border impacts.77 Standards 
tailored to local needs may not suit other contexts, 
highlighting the need for international coordina-
tion (refer to box 6.3). 

However, standards alone are insufficient to 
enable countries to effectively manage waste. 
Complementary policies that clearly define 
responsibility for waste management can enhance 
accountability and improve overall waste manage-
ment practices. For example, Extended Producer 
Responsibility schemes require companies to take 
financial and operational responsibility for man-
aging their product waste after consumer use. 
These schemes clearly define who is accountable 
for managing waste, helping to prevent free-riding 
among different actors in a supply chain. They also 
encourage environmentally conscious design, such 
as reduced packaging or increased recyclability of 
products as a result of making them easier to reuse, 
which helps reduce waste at the design stage.

Box 6.3	 Standards for contamination from solid waste and their role in 
shaping global trade

The global trade in solid waste is extensive and can reduce domestic burdens involving waste 
disposal, but it poses a risk of pollution leakage, especially when waste is sent to countries 
with environmental standards that are weaker than those in the country that exports the 
waste. Since the late 1990s, high-income countries have increasingly exported plastic waste 
to low- and middle-income countries. Before 2018, China alone received more than 55 percent 
of global exported plastic waste, with an estimated 70.6 percent of it being placed in landfills 
or mismanaged, for example, dumped or burned openly or handled improperly in a way that 
causes environmental harm.a

Standards regulate the composition of imported plastics to address the environmental 
harms from imports of plastic waste. For instance, the Basel Convention on the Control 

(Box continues next page)
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of Transboundary Movements of Hazardous Wastes and Their Disposal, adopted in 1989, 
established expected practices for management of plastic waste, including minimum 
requirements for treatment and disposal facilities, that govern trade from countries that 
are members of the Organisation for Economic Co-operation and Development to countries 
that are not. 

In 2018, China’s Operation National Sword introduced a strict standard regarding contam-
ination, limiting nontarget materials (such as food and other residues) in plastic waste 
to 0.5  percent, which effectively banned imports from Japan, the United States, and the 
European Union.b Global trade in plastic waste fell by more than 40 percent between 2017 
and 2018 and continued declining through 2023. This triggered a shift toward Southeast 
Asia in trading routes, with Malaysia’s imports of plastic waste rising from 176,000 tonnes to 
900,000 tonnes from 2012 to 2018 and Türkiye’s from 65,000 tonnes to more than 650,000 
tonnes from 2013 to 2024.c In response, Thailand phased in restrictions, culminating in a full 
ban in 2025. Similarly, Malaysia tightened imports of plastic waste, resulting in a decrease 
in its imports of plastic waste to less than 335,000 tonnes in 2019.

Beyond reshaping global patterns of trade, Operation National Sword had notable implica-
tions for climate. As high-income countries struggled to manage larger volumes of plastic 
waste domestically, many resorted to incineration, a more carbon-intensive option compared 
with dumping plastic waste in landfills or recycling it. As a result, the net short-term impact of 
the operation’s essential import ban included higher emissions of greenhouse gases associ-
ated with the treatment of plastic waste.d

The experience with Operation National Sword underscores the broader challenge of emis-
sions leakage in the global management of plastic waste. To mitigate such leakage, countries 
need to invest in infrastructure to reduce marginal costs of waste processing (such as landfills 
and recycling facilities), offer or strengthen incentives for recycling, and reduce the genera-
tion of plastic waste at the source. At the same time, international coordination is essential 
to align standards, manage trade flows, and negotiate policies that minimize environmental 
and climate-related disruptions across borders.

Source: WDR 2025 team.
	a.	Wen et al. (2021).
	b.	Bourtsalas et al. (2023); Brooks et al. (2018); O’Neill (2017); O’Neill and Moon (2025).
	c.	Refer to United Nations Commodity Trade Statistics Database, Statistics Division, Department of 

Economic and Social Affairs, United Nations, https://comtradeplus.un.org/.
	d.	Wen et al. (2021).

Box 6.3	 Standards for contamination from solid waste and their role in 
shaping global trade (continued)
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Standards for mitigating dispersed 
global emissions of carbon

Although wealthier countries have higher emis-
sions per capita, increasing emissions from 
low- and middle-income countries have also con-
tributed to the global growth in carbon emissions, 
making cooperation among top emitters crucial. 
The 2015 Paris Agreement, adopted by 196 par-
ties, aims to limit warming to well below 2 degrees 
Celsius, with efforts toward keeping it less than 
1.5 degrees Celsius. This is to be accomplished 
through country-specific pledges to take specific 
climate-related actions and set targets for emis-
sions of greenhouse gases, known as nationally 
determined contributions. A major challenge to 
commitment to carbon reduction, however, is that 
mitigation benefits are global, whereas its costs 
are local, especially for low- and middle-income 
countries dependent on fossil fuels, which made 
up 75.7 percent of emissions of greenhouse gases 
globally in 2021.78 To broaden participation in the 
agreement, it is vital to emphasize local coben-
efits such as better health and air quality and to 
develop tools that monetize global gains in regard 
to climate.

High-income countries: Leading the 
efforts

Higher-income countries tend to introduce a 
greater number of climate-related standards, 
including all standards adopted over time, and on 
an earlier timescale than low-income countries 
(refer to figure 6.6, panel a). Many have adopted 
a broad mix of policies, including carbon pricing 
and standards such as those requiring portfolios 

of renewable energy. However, lower-income 
countries today tend to adopt more standards 
than higher-income countries did when they 
were at similar levels of development. In addi-
tion, high-income countries tend to adopt a 
greater  number of climate-related standards 
as total costs from disasters increase (refer to 
figure 6.6, panel b).

It appears that many early standards related 
to climate in high-income countries were not 
initially driven by climate but were instead 
introduced to address concerns such as energy 
security, air pollution, or industrial moderniza-
tion. They gradually evolved into more compre-
hensive tools for climate change mitigation that 
include market-based instruments.79 However, 
climate shocks, such as extreme weather events, 
do not consistently translate into stronger stan-
dards unless countries’ reactions are channeled 
through responsive political systems and institu-
tional frameworks.

Compared with standards, carbon pricing directly 
addresses the externality of carbon emissions by 
making polluters pay for their emissions. It does not 
require regulators to have private information about 
firms’ abatement costs, because firms can choose 
their preferred strategy for abatement. As of 2025, 
instruments for carbon pricing covered 28  percent 
of global emissions, including 27  percent in high-​
income countries and 30 percent in middle-income 
countries. No low-income or lower-middle-income 
country has adopted such instruments to date (refer 
to figure 6.7). In addition, revenues from carbon 
pricing can be used to fund complementary policies, 
such as subsidies for implementation of low-carbon 
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Figure 6.6  The number of climate-related standards has grown in higher-income countries, 
and disaster costs have affected that number more than in lower-income countries
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technologies, to support a more equitable and effec-
tive transition to a green economy.

However, standards still play a critical role in cli-
mate change mitigation. Price signals alone may 
not be sufficient to induce change in all sectors. 
In the residential sector, for instance, informa-
tion gaps, financing barriers, risk aversion, and 

behavioral inertia often constrain the adoption 
of energy-efficient technologies like heat pumps. 
Innovators also face uncertainty about future 
demand, which carbon pricing alone may not 
address. In such cases, standards can mandate 
action and help overcome failures in coordination, 
thereby enhancing the effectiveness of carbon 
pricing.80

(Figure continues next page)
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Figure 6.6  The number of climate-related standards has grown in higher-income 
countries, and disaster costs have affected that number more than in lower-income 
countries (continued)
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Figure 6.7  Carbon pricing covers a growing share of global emissions of carbon 
in higher-income countries, but not in lower-income countries
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Also, standards for measuring efforts to miti-
gate carbon are essential for ensuring credibility 
and unlocking financing for measures related 
to climate change adaptation. Markets for car-
bon credits allow firms in high-income countries 
to purchase credits generated from mitigation 
activities in low- and middle-income countries 
as a way of offsetting the firms’ own emissions, 
potentially offering lower-cost pathways to reduce 
global emissions. However, the effectiveness of 
these markets hinges on accurately measuring the 
actual reductions in emissions achieved by the 
mitigation activities. Challenges such as addition-
ality (when credits are awarded for activities that 
would have occurred anyway) and leakage (when 
emissions shift outside the boundaries of cred-
ited projects rather than actually being mitigated) 
can undermine their environmental integrity.81 
Standards that mandate third-party verification 

of reductions in emissions, supported by objective 
sources of data, can strengthen the credibility of 
market-based efforts to reduce emissions.

Tradable performance standards, a hybrid of 
market-based mechanisms and standards, have 
emerged as a policy tool for reducing carbon emis-
sions while supporting domestic production, par-
ticularly in low- and middle-income countries. 
Unlike emissions-trading systems, which cap total 
emissions, tradable performance standards set 
intensity-based benchmarks (such as emissions 
per unit of output), allowing output to grow while 
providing incentives for lowering emissions even 
more than the benchmark requires. However, 
many programs of this type assign more lenient 
benchmarks to higher-emitting sources, effec-
tively providing larger implicit subsidies to pro-
ducers that pollute more heavily. Such a design 
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reduces the programs’ cost-effectiveness and 
weakens incentives for adopting cleaner technol-
ogies. Complementary policies, such as targeted 
green subsidies, are often needed to correct these 
distortions and enhance the environmental integ-
rity of tradable performance standard schemes.82

As with those for local pollution, policies for 
mitigating emissions can lead to emissions leak-
age when regulatory stringency differs across 
countries. However, because greenhouse gases 
are global pollutants, leakage is particularly 
damaging. Complementary policies can be 
designed to address emissions leakage. For exam-
ple, when targeted at firms with a high risk of 
leakage, output-based subsidies help maintain 
the competitiveness of domestic industries while 
providing them with incentives for cleaner pro-
duction under environmental regulations, which 
mitigates the risk of leakage of carbon emissions.83 
The European Union’s Carbon Border Adjustment 
Mechanism, introduced in 2023, aims to prevent 
leakage of carbon emissions by charging fees on 
carbon-intensive imports from countries with 
regulations weaker than those in the importing 
countries. Evidence shows that this mechanism 
and a comparable one in the United Kingdom have 
increased domestic competitiveness and reduced 
leakage. And because exporters may prefer domes-
tic carbon pricing to avoid border tariffs and retain 
revenue, such mechanisms have provided incen-
tives for other countries to adopt stronger climate 
policies.84 However, they may disproportionately 
burden low- and middle-income countries that have 
limited financial and technological capacities.85

Low- and middle-income countries: 
Standards that emphasize local cobenefits 
to encourage mitigation of emissions of 
greenhouse gases

For low- and middle-income countries, economic 
growth is still the priority, and addressing global 
emissions of greenhouse gases may compromise 
that objective. However, standards that generate 

substantial local benefits may also generate cli-
mate cobenefits. These standards can serve as an 
entry point from which low- and middle-income 
countries can engage in global efforts to combat 
climate change.

Standards targeting local pollution can deliver 
climate cobenefits when they reduce reliance on 
fossil fuels. Electricity generation contributes 
about one-seventh of harmful air pollution and 
40 percent of climate impacts globally. Phasing 
out coal as a fuel for generating electricity, for 
example, improves air quality while cutting emis-
sions of carbon dioxide.86 Similarly, energy effi-
ciency standards, especially for buildings, which 
account for 34 percent of global emissions of car-
bon dioxide, can curb emissions as urbanization 
drives energy demand, particularly in emerging 
market economies.87

Energy codes for buildings are among the most 
effective policy tools for reducing emissions in the 
construction sector. Efficient buildings could yield 
more than US$1 trillion in savings in energy costs 
by 2050, the International Energy Agency (IEA) 
estimates.88 In the European Union, buildings con-
structed under modern codes consume about half 
the energy of those built before such regulations, 
with even greater improvements seen in some coun-
tries.89 Each dollar invested in building efficiency 
typically delivers a return of three dollars in lifetime 
savings, along with cobenefits such as improved 
health outcomes and enhanced energy security.90

As of 2025, 88 countries have energy codes for 
buildings, but only 52 enforce them consistently, 
reducing energy savings by up to 70 percent from 
their potential (refer to map 6.2).91 Enforcement 
is strongest in high-income countries, with lower 
compliance in middle- and lower-income coun-
tries as a result of limited capacity. Closing this 
gap requires aligning codes with broader regu-
lations and strengthening institutional support 
through technical assistance, training, and finan-
cial incentives, especially for households and small 
businesses in lower-income countries.
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Map 6.2  Many low- and middle-income countries have not adopted strong energy codes 
for buildings

Source: 2025 data from Building Green (global data set), Global Indicators Group, World Bank, https://www.worldbank.org​
/en/building-green.

Standards for adaptation to climate 
change

Disaster-related losses are rising rapidly, fueled by 
growing climate risks and intensified by urban-
ization. In 2023 alone, global disasters resulted 
in more than 86,000 fatalities and more than 
US$200 billion in economic damages.92 Although 
wealthier countries are typically the largest emit-
ters of greenhouse gases, poorer countries bear 
the brunt of the impacts of climate change and 
suffer more severe consequences from it. In this 
context, low- and middle-income countries have 
a particularly pressing need for climate change 
adaptation.

Despite the urgency, regulating adaptation is chal-
lenging because it is context specific and mea-
suring outcomes to attract investment is difficult 
(refer to box 6.4). In addition, private capital alone 
is often insufficient to finance needs related to cli-
mate change adaptation because high-risk areas, 
where adaptation is most needed, tend to deter 
investors or require high returns to motivate them 
to invest. In Brazil, regulations requiring banks to 
hold additional capital for loans directed toward 
activities that present greater climate risk have 
led banks to reduce lending to vulnerable sec-
tors.93 Because adaptation also requires significant 
investments in large-scale infrastructure, public 
funding is essential. This section explores how 
standards can support climate change adaptation.
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Box 6.4	 The importance of standards in increasing financing for climate 
change adaptation

Access to financing, particularly credit for investments in measures for adaptation to cli-
mate change, has been shown to support such adaptation in low- and middle-income 
countries.a However, providing such finance, whereby institutions or individuals back-
stop loans contingent on the returns to adaptation measures, depends on the ability to 
measure those returns. Mitigation is easier to measure because it is tracked through 
emissions reductions. In contrast, measuring adaptation is more challenging owing to its 
context-specific outcomes and difficulty in quantification. Even when investments for the 
purpose of adaptation reduce long-term climate risks, it remains challenging for private 
investors to reflect these benefits in pricing because of the lack of clear, quantifiable 
metrics and the difficulty of attributing the results of such investments to mitigation of 
potential future losses. Thus, the lack of reliable measurement remains a major barrier to 
financing climate change adaptation.

Currently, nearly all funding related to climate change continues to finance mitigation rather 
than adaptation. Of the US$1.27 trillion in climate-change-related finance disbursed in 
2021/22, 91 percent supported mitigation, and only 5 percent (US$63 billion) went to adap-
tation and 4 percent to initiatives for the dual purposes of mitigation and adaptation.b This 
distribution stands in contrast to low- and middle-income countries’ self-reported needs: 
Adaptation accounts for about 20 percent of funding requirements.c Financial institutions 
need to participate more broadly in financing investments in climate change adaptation 
to address the growing demand for adaptation financing.

Standards can play a key role in addressing needs for financing climate change adaptation 
by offering a consistent framework grounded in expert knowledge for guiding and assess-
ing adaptation strategies. In 2019, the International Organization for Standardization (ISO) 
released ISO 14090, which provides principles, requirements, and guidelines for organiza-
tions to use in identifying risks from climate change and developing adaptation plans. In 
2024, the Climate Bonds Initiative introduced its first adaptation and resilience taxonomy, 
identifying 1,444 investments across sectors for addressing various climate hazards that 
are eligible for financing under the initiative.d Green taxonomies—frameworks that define 
what constitutes “green” or sustainable activities—have expanded significantly in recent 
years. By 2024, the European Union had issued 47 such taxonomies, other jurisdictions 
20, and international organizations several to help direct finance toward investments 
aligned with adaptation to climate change.e 

(Box continues next page)
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However, translating these frameworks into practical decision-making remains diffi-
cult. For example, Mexico’s sustainable taxonomy incorporates adaptation as a core pil-
lar alongside mitigation and social inclusion. A pilot involving 10 financial institutions 
revealed that only 3 percent of their operations could be clearly classified as aligned with 
adaptation, underscoring the complexity of implementation, especially when criteria 
require detailed and localized data.

Source: WDR 2025 team.
	a.	Berg et al. (2025); Bryan et al. (2009); Da Mata and Resende (2020); Lane (2024).
	b.	CPI and GCA (2023).
	c.	Isah et al. (2025).
	d.	Azizuddin (2024).
	e.	SBFN (2024).

Box 6.4	 The importance of standards in increasing financing for climate 
change adaptation (continued)

Standards for expanding access to 
solutions to adapt to climate change: 
Coping with extreme heat

Today, more than 70 percent of the global work-
force—approximately 2.4 billion people—faces 
high risks from heat stress, resulting in millions 
of injuries and thousands of deaths each year.94 
Despite widespread exposure to extreme heat, 
particularly in low- and middle-income countries 
(refer to map 6.3), the penetration of air condition-
ing, a widely used adaptation strategy, remains 
below 10 percent in many low-income countries. 
To support climate change adaptation as a basic 
human need, standards that address market fail-
ures in adaptation must also focus on equitable 
access to effective solutions for cooling.

Cooling technologies generally fall into two cate-
gories: active and passive. Active cooling involves 
electricity-powered systems such as fans and 
air conditioners, whereas passive cooling relies 
on design strategies, such as natural ventilation 

and shading, that harness local environmental 
resources at low operating costs.95 The two tech-
nologies complement one another but involve 
trade-offs. An integrated strategy that promotes 
access to both can help standards more effectively 
expand access to cooling options and address 
these trade-offs.

Active cooling, especially with air conditioning, 
is highly effective across various climates but 
is energy intensive, currently accounting for 
about 20 percent of electricity use globally.96 As 
adoption rises, it will place an increasing strain 
on power grids and may contribute to outages. 
Energy efficiency standards can help ease this 
burden (refer to box 6.5). Moreover, emissions 
from cooling could reach about 6 billion tonnes 
of carbon dioxide equivalent by 2050, more than 
10 percent of projected global emissions.97 Thus, 
standards must carefully balance climate change 
mitigation and adaptation goals, ensuring energy 
efficiency while promoting equitable access to 
cooling.
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Map 6.3  Exposure to extreme heat is widespread, especially in low- and middle-income 
countries

Sources: Global 1-km Downscaled Population Base Year and Projection Grids Based on the Shared Socioeconomic 
Pathways, Revision 01 (data portal), National Aeronautics and Space Administration, https://data.nasa.gov/dataset/global​
-1-km-downscaled-population-base-year-and-projection-grids-based-on-the-shared-socio; Lizana et al. 2024.
Note: The map shows the heat-exposed population in 2030, measured as billion people-cooling degree days (CDDs), for a 
global mean temperature rise of 1.5° Celsius.

Box 6.5	 Using standards to meet the increasing demand for electricity

Reliable access to electricity is essential to both economic growth and adaptation to climate 
change, particularly in response to extreme heat. Energy efficiency standards for common 
appliances play a critical role in curbing demand in this context. They help mitigate carbon 
emissions, which are often unaccounted for at the point of purchase, especially in countries 
that still largely generate electricity from fossil fuels. In addition, by reducing energy demand, 
these standards ease pressure on the power grid, alleviating congestion and power outages, 
which in turn enable broader and more equitable access to electricity.

However, in many low- and middle-income countries, where credit constraints are wide-
spread, implementing energy efficiency standards can present trade-offs. Energy-efficient 
appliances typically have higher up-front costs, even though they offer long-term savings 
through reduced consumption of electricity (refer to table B6.5.1). These higher initial 
costs can present a barrier for many households, preventing them from reaping long-term 

(Box continues next page)
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financial and energy benefits. Policies complementing energy efficiency standards, such as 
targeted subsidies or financing options for low-income households, can boost the adoption 
of energy-efficient appliances.a

Table B6.5.1  Energy-efficient appliances typically offer long-term savings but have 
higher up-front costs

APPLIANCE COUNTRY TYPEa

INITIAL 
COST 
(US$)

ANNUAL 
ELECTRICITY 
USAGE (kWh)

ANNUAL 
ELECTRICITY 
COST (US$)

AVERAGE 
LIFE 

CYCLE 
(YEARS)

TOTAL 
COST OVER 
10 YEARS 

(US$)a

Fan India Energy 
efficient

44 22 2 7 80 

Regular 27 60 5 3 135 

Nigeria Energy 
efficient

25 36 1  4 74 

Regular 20 120 4  2 140

United 
States

Energy 
efficient

140 12 2 8 197 

Regular 30 24 4 5 103 

Refrigerator India Energy 
efficient

289 526 39 10 683 

Regular 197 876 66 8 903 

Nigeria Energy 
efficient

262 438 14 12 363 

Regular 121 1,051 35 10 468

United 
States

Energy 
efficient

800 876 158 12 2,243 

Regular 500 1,314 237 10 2,865 
Source: WDR 2025 team.
Note: This table assumes the following usage patterns: for fans, 8 hours per day for 100 days per year in India, 
250 days in Nigeria, and 50 days in the United States; for refrigerators, continuous operation. Energy-efficient 
models are assumed to meet or exceed Energy Star standards or their equivalent. Initial costs are based on the 
average market prices in 2025 for basic models. Electricity costs are estimated to be US$0.075 per kilowatt-hour 
(kWH) in India, US$0.033 per kWh in Nigeria, and US$0.18 per kWh in the United States. Unreliable electricity 
grids could further reduce appliance lifespan (Akpojedje 2017).
a. The lower-cost option over the 10-year life of the appliance appears in boldface in the final column.

Box 6.5	 Using standards to meet the increasing demand for electricity 
(continued)

(Box continues next page)
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In addition, improvements in energy efficiency often involve trade-offs with other product 
attributes, highlighting the importance of an integrated approach that balances multiple 
objectives.b These trade-offs can be addressed through sound technical evidence, broad 
stakeholder consensus, and regulatory coordination grounded in international standards. 
For example, International Organization for Standardization standard 817, shaped signifi-
cantly by Japan, provides harmonized safety classifications for refrigerants with low potential 
for contributing to global warming. This standard has allowed manufacturers to bring more 
climate-friendly cooling solutions to market while maintaining safety and regulatory accep-
tance across jurisdictions.

On the supply side, standards can enhance the reliability of energy supply by fostering coor-
dination across the supply chain and ensuring the quality of production and operations. For 
example, technical standards on voltage and frequency enable different generators and 
transmission systems to operate seamlessly within and across countries, facilitating electric-
ity trade across regions and strengthening resilience. Likewise, quality standards for trans-
formers and cables, along with guidelines for the operation and maintenance of transmission 
lines, help ensure the reliability of the energy supply.

Source: WDR 2025 team.
	a.	Taylor et al. (2008).
	b.	Gerarden et al. (2017).

Box 6.5	 Using standards to meet the increasing demand for electricity 
(continued)

Passive cooling does not rely on electricity and 
involves lower operating costs. However, its effec-
tiveness and cost-efficiency are highly localized, 
depending on microclimatic conditions, architec-
tural norms, and cultural practices. As a result, it 
is difficult to regulate passive cooling through spe-
cific technology or performance standards.

Instead, building codes that integrate minimum 
energy performance standards while incorpo-
rating passive strategies for cooling can support 
energy efficiency in active cooling while promot-
ing passive approaches at the design stage.98 This 
could lower the overall cost of cooling technol-
ogies and expand households’ access to them. 
As of May 2023, 42 percent of countries, includ-
ing both high- and low- and middle-income 
countries, had implemented minimum energy 

performance standards for space cooling.99 
Evidence from India, Indonesia, and Nigeria 
shows that doubling the energy efficiency of 
room air conditioners by 2030 could reduce their 
life-cycle costs by 60 percent and provide an addi-
tional 320 million people with access to them by 
2050.100 Combining minimum energy perfor-
mance standards with building codes allows for 
flexible, context-specific solutions aligned with 
local climate and housing conditions.

In addition to promoting access to adaptation 
solutions such as active and passive technologies 
for cooling, standards can also support emergency 
response measures to ensure basic access to essen-
tial resources during extreme events. For example, 
the city of Ahmedabad in India was one of the first 
in South Asia to implement a heat action plan.101 
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During periods of extreme heat, the city uses 
localized thresholds for temperature to activate 
a set of responses, including emergency hotlines, 
public advisories, outreach to vulnerable popu-
lations, and the provision of cooling shelters and 
drinking water.102 

Standards for fostering coordination: 
Enhancing flood resilience

Some 1.81 billion people, or 23 percent of the 
global population, live in areas exposed to signif-
icant risks of flooding (refer to map 6.4). Despite 
growing risks of flooding as a result of climate 
change, human settlements have continued to 
expand rapidly into flood-prone areas, often at 
a faster pace than into safer zones across many 
regions.103 Globally, nearly 1 billion people live 
in substandard housing with inadequate sani-
tation and stormwater drainage, further com-
pounding their vulnerability. Because urban 
planning, infrastructure quality, and individual 
building design all shape flood risk, enhancing 

resilience requires coordinated efforts across 
all levels.

Urban planning
To reduce exposure to flood hazards, urban 
planning must integrate considerations related 
to risks from climate change. Zoning standards 
can prohibit construction in areas that are highly 
prone to floods by defining hazard thresholds. 
Also, uncontrolled urban sprawl, especially 
where green spaces are scarce, can exacerbate 
flood risks and disproportionately affect low-
income households, which often reside in high-
risk zones. In Dhaka, Bangladesh, for example, 
slums are concentrated in flood-prone areas.104 
Implementing zoning regulations that require 
buffer zones or protective greenbelts can mit-
igate risks of flooding. In addition, early warn-
ing systems can be established to provide timely 
alerts, and homebuyers can be provided with 
information on flood risks to enable them to 
make informed decisions, both helping to miti-
gate flood-related losses.105

Map 6.4  Nearly one-quarter of the world’s population is exposed to at least medium-level 
risks of flooding

Source: Rentschler et al. 2022.
Note: The map shows risks at the subnational level.
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Infrastructure
With climate change intensifying natural hazards, 
standards for new and existing infrastructure must 
evolve accordingly.106 For example, increased vari-
ability in rainfall levels, with alternating periods of 
dryness and drenching rains, can make peak river 
flows higher and overwhelm dams. Overtopping, 
the most common cause of dam failure, occurs 
when water exceeds the capacity of spillways. In 
Libya, devastating dam failures during extreme 
flooding in September 2023 destroyed entire 
neighborhoods and claimed more than 4,000 lives, 
highlighting the urgent need for reviewing and 
strengthening national standards for designing 
dams so that they take climate change into account. 

International bodies like the International 
Commission on Large Dams (ICOLD) play a key 
role in shaping global practices regarding dam 
safety by leveraging member expertise and pro-
moting knowledge sharing. As of 2025, ICOLD had 
106 member countries, many of which align their 
national regulations with its guidance. In countries 
without formal guidelines for dam safety, a com-
mon situation in low- and middle-​income settings, 
practitioners often rely directly on ICOLD stan-
dards. Development partners such as the World 
Bank also promote international good practices 
through project financing and advisory support.

At the same time, infrastructure such as dams can 
help manage flood risks. For example, Poland’s 
Racibórz Dolny Flood Protection Reservoir 
reduced downstream peaks during a major 2024 
flood, protecting more than 2.5 million people 
from severe damage. Yet only 18 percent of large 
dams globally are designated for flood control.107 
With more than 60,000 large dams worldwide, 
many more than 50 years old, there is an oppor-
tunity for rehabilitation, retrofitting, and reoper-
ation to strengthen their role in climate change 
adaptation. These investments can generate sub-
stantial public benefits and may require public 
financing to ensure regional resilience.

Buildings
Beyond planning and infrastructure, building 
design could also play a pivotal role in increas-
ing resilience to floods. In the US state of Florida, 
updated building codes that incorporate risks of 
disasters have measurably reduced hurricane-​
related damages, saving an estimated US$911 
million annually.108 In low-income settings, how-
ever, modern building codes designed for high-​
income countries are not always the best choice. 
In Pakistan, bamboo homes largely withstood the 
historic 2022 floods that destroyed more than 
2  million houses, mostly of other constructions. 
This example highlights the importance of locally 
appropriate and culturally relevant building stan-
dards for resilience.

International efforts such as the World Bank’s 
Building Regulation for Resilience Program109 can 
support countries by sharing knowledge, offer-
ing technical assistance, and providing financial 
resources. In Japan, where seismic risk is high, 
investments in earthquake-resistant infrastruc-
ture have saved an estimated US$2.2 billion annu-
ally in avoided reconstruction costs. Japan has 
also contributed globally by sharing its technical 
expertise and experience through international 
initiatives.

However, building codes may involve trade-offs 
between competing priorities. For example, 
compliance with building codes can increase 
construction costs, which may in turn affect 
housing affordability.110 Also, pursuing energy 
efficiency may, in some cases, raise safety con-
cerns. As a cautionary example, in Mexico City, 
a seven-story building retrofitted solely for 
energy efficiency partly collapsed during the 
2017 earthquake.111 This example highlights the 
need for integrated building codes that balance 
objectives relating to climate change mitigation 
and adaptation against those that pertain to 
maintaining resilience to other challenges and 
preserving affordability. 
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Recommendations for 
standards for a better 
environment
Emphasize the broader benefits of environmental 
standards. Countries, especially low- and middle-​
income countries, should not view environ-
mental standards as separate from growth 
goals. Pollution reduction yields broad benefits, 
including increasing productivity,112 human capi-
tal,113 and housing values and attracting talent.114 
Integrating standards with green industrial poli-
cies may give countries the opportunity to leap-
frog polluting technologies and pursue green 
growth in sectors like energy and transport.115 
Overlooking these benefits risks underusing 
environmental standards.

•	 At the firm level, for instance, a study in 
Bangladesh found that installing air purifiers 
in randomly selected firms not only reduced 
indoor concentrations of PM2.5 by 15 percent 
but also delivered significant economic 
returns: boosting daily labor productivity by 
10 percent and monthly profits by 18 percent, 
compared with those in control firms without 
air purifiers.116

•	 At the economy level, China’s push for elec-
tric vehicles—driven by strict air quality stan-
dards and green industrial policies—has cut 
pollution and emissions117 while enabling the 
country to leapfrog traditional auto leaders. 
By 2023, China was the overwhelming market 
leader in global sales of electric vehicles.118

Design standards in a policy mix to achieve 
goals  related to emissions reduction effectively. 
Standards are often more effective than market-​
based instruments, such as emissions pricing, when 
specific reductions are needed to meet environ-
mental or public health thresholds. However, when 
multiple market failures are present, relying on a 
single policy may be insufficient. Complementary 
policies can strengthen the overall effectiveness of 

standards by addressing different market failures 
simultaneously, enabling countries to take a more 
comprehensive and efficient approach to reducing 
emissions.

•	 The compliance costs associated with water 
quality standards can decline over time 
through learning by doing, economies of 
scale, and innovations in water treatment 
technologies. However, such advancements 
may be underprovided in the absence of 
supportive policies, which justifies public 
investment.119 In the United States, for 
instance, grants for building infrastructure for 
wastewater treatment under the Clean Water 
Act have been shown to reduce compliance 
costs for polluters and decrease the likelihood 
of violations of water quality standards by 
0.5 percentage point per grant.120

Adapt standards to local contexts while taking 
potential leakage of emissions into account. 
Countries should tailor environmental standards 
to local environmental challenges, economic 
conditions, technological readiness, and enforce-
ment capacity. A careful analysis of the costs 
and benefits of setting standards and of firms’ 
capacity to comply with any standards that are 
set will help countries develop and enact more 
effective standards that are sensitive to context. 
However, different standards across regions and 
sectors may result in emissions leakage. When 
this leads to negative environmental outcomes, 
well-designed unilateral measures or coordi-
nated international efforts could help mitigate 
and compensate for these losses.

•	 The European Union, for instance, addresses 
transboundary water pollution primarily 
through the Water Framework Directive, 
which mandates integrated management of 
river basins and cross-border cooperation 
to achieve “good status” for all water bodies. 
Policies under the directive have improved 
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water quality in major rivers shared by 
multiple countries like the Rhine and 
Danube and fostered strong cross-country 
coordination.121

Meet future demand and drive innovation through 
forward-looking standards. Standards can have 
long-lasting impacts, especially when applied to 
long-lived assets. For instance, coal-fired power 
plants can operate for 30–50 years, creating 
lock-in effects that delay the transition to cleaner 
alternatives. In a fast-evolving world, standards 
need to be forward looking to meet future demand 
and support the development of emerging 
technologies. Specifically, standards should be 
evaluated from a longer time horizon, not just 
contemporaneously, to take future demand into 
consideration. Also, when technologies are rapidly 
advancing, standards should be flexible enough to 
enable and encourage innovation.

•	 Active cooling, particularly through air con-
ditioning, is a highly effective way to adapt 
to extreme heat but remains energy inten-
sive. As adoption increases, it will increas-
ingly strain power grids, especially in regions 
with limited electricity infrastructure. In 
Nigeria, for instance, the federal government 
approved new minimum energy performance 
standards for air conditioners in 2025. The 
standards aim to save 11.5 terawatt-hours of 
electricity annually and reduce carbon emis-
sions by 39 million tonnes of carbon dioxide 
by 2040.122

•	 The introduction of an emissions standard 
for automobiles across the European Union 
that limits sales-weighted emissions of car-
bon dioxide across manufacturers’ fleets 
has been shown to have given firms incen-
tives to invest significantly in new technol-
ogies to meet compliance requirements. As 
a result, average vehicle efficiency in regard 
to emissions of carbon dioxide improved by 
approximately 14 percent from 2007 to 2011, 

leading to lower fuel costs over the lifetime 
of vehicles.123 

Enhance and leverage monitoring and measure-
ment infrastructure. Expanding and improving 
systems for environmental monitoring, partic-
ularly in areas with limited infrastructure, is 
crucial for identifying environmental challenges, 
enhancing the enforcement of standards, and 
ensuring accountability. Data collected from 
such systems can be further leveraged through 
public information campaigns to raise awareness 
of local pollution and promote adaptive behavior. 
Furthermore, accessible infrastructure for 
monitoring and measurement standards allow 
independent third-party verification of claims 
that emissions have been reduced, which is cru-
cial for maintaining the credibility and effective-
ness of climate-change-related initiatives such as 
carbon credit markets.

•	 In 2013, China launched a nationwide ini-
tiative regarding air quality monitoring that 
began providing real-time data on pollution 
to the public through daily newspapers and 
other media outlets. Increased access to infor-
mation spurred widespread behavioral adap-
tations, such as increased investment in air 
purifiers, which are estimated to generate a 
minimum of US$13 billion in annual health 
benefits.124

•	 A recent study in Colombia evaluated carbon 
credit projects using satellite-based images to 
measure forest cover and found that natural 
forest cover increased by 4 percentage points 
over 12 years.125 Evaluations of this type are 
possible only with publicly available data on 
land cover and emissions monitoring.

As these examples and recommendations show, 
a balanced, forward-looking, and context-specific 
approach to environmental standards, making 
good use of complementary policies, can yield 
powerful results.
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