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Abstract 

Mean global temperatures have risen by 1.2°C over the preindustrial average and already there 
is mounting evidence that the environmental impact is accelerating. Severe weather events 
have become more frequent, with increasingly destructive wildfires, prolonged droughts, 
thinning Arctic ice, vanishing glaciers, bleaching coral reefs, shrinking biodiversity, and 
acidifying oceans. The urgent need to achieve carbon neutral development and to prevent the 
mean temperature from rising above 1.5°C, is more apparent than ever. Scientists warn that 
the global ecosystem might be perilously close to tipping points that could lead to large and 
irreversible climatic change and cause major economic impacts. 

Although IPCC reports and the vast literature on the pace and magnitude of climate change 
make a compelling case for swift action on several fronts, efforts to control greenhouse gas 
(GHG) emissions, to mitigate warming and to adapt to ongoing and impending changes in the 
environment, have made limited headway. National and corporate decisionmakers are 
deterred: by near term costs and budgetary stingencies; by fears that actions taken to contain 
climate change would constrain GDP growth and undermine industrial competitiveness; by 
the realization that fossil fuel resources and much industrial capital would become stranded 
assets; by the hope that current climatic trends might flatten and future advances in technology 
could make it easier and cheaper to cope with climate change; and by the unwillingness to risk 
arousing the ire of the public or of the business community by taking steps that inflict short 
term financial pain even though the longer term collective benefits might be large.  

Fortunately for the planet, public awareness of the existential threat posed by climate change 
has risen and has begun to sway the thinking of politicians and captains of industry and 
finance. After years of foot-dragging and discord within and between developed and 
developing nations, it appears that binding, monitorable and enforceable commitments by all 
the key national participants might be in the offing. With the window of opportunity to cap 
the increase in global mean temperature at 1.5°C narrowing rapidly, it is imperative that 
Emerging Market and Developing Economies (EMDEs) in particular see their way clear to 
undertaking climate-responsible investments. Doing so will also require climate compatible 
economic growth strategies. Our hope is that this paper can help provide decisionmakers with 
the essentials on each of these issues and induce commitments to far-reaching actions that are 
both in the national and global common interest.  

The paper briefly summarizes where climate change is heading, reviews the status of 
international attempts to limit GHG emissions, and identifies roadblocks to an enduring 
agreement. Second, the paper examines the economic implications of rising temperatures for 
EMDEs, and takes a critical look at some of the technological fixes that are surfacing. Third, 
the paper identifies measures developing countries could pursue in conjunction with others so 
as to take control of the climate change agenda. It is only by anticipating and planning for the 
challenges to come that countries will be able to contain the costs and sustain needed rates of 
growth, while achieving carbon neutrality in a reasonable period of time. 
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One key takeaway is that climate change must be central to all projections and inform virtually 
every facet of developmental decision-making because even a more favorable global outlook 
will entail major dislocations for many countries. At the same time, the effects of climate 
change will create new challenges for those concerned with poverty reduction, labor 
productivity, the incidence of inequality in its several manifestations, migration pressures, and 
societal stability. Going forward with status quo policies will be very damaging for all 
concerned. 
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Climate Change and Economic Growth: 
What Lies Ahead 
Shahid Yusuf 

Climate Change Has Made Development More Challenging 

Climate change is gathering momentum and the global ecosystem may be steering towards a 
cascade of exceedingly worrisome tipping points (Figure 1).1 Some tipping points, such as 
monsoon shifts affecting West Africa and the Indian subcontinent, would cause immense 
regional hardship. Others, such as the release of permafrost methane hydrates and the 
disintegration of the West Antarctic ice sheet,2 or the melting of the Greenland glaciers, would 
be catastrophic on a global scale. The magnitude of the risks is becoming ever more apparent, 
supported by the rapidly accumulating multidisciplinary research. International agencies are 
sounding the alarm, public awareness is on the rise, the corporate sector is beginning to stir, 
policymakers in some leading countries are expressing a willingness to grasp the nettle, and 
the opposition from climate change deniers appears to be weakening.  

All this is encouraging, but valuable time has been lost while the science was debated, countries 
squabbled over the apportioning of blame, and high-income countries parried demands from 
developing nations for compensatory financing to offset the cost of measures that would 
reduce energy intensity and greenhouse gas (GHG) emissions. A good chunk of the carbon 
budget left to exploit before mean temperatures begin exceeding 1.5°C has already been 
utilized. And at current trend rates of carbon emissions, the balance could be exhausted by 
2030 if not earlier.3  

Developing countries must be a part of globally coordinated strategy to check climate change 
while there is a (narrowing) window of opportunity.4 Currently they account for close to a 
third of total emissions; but as they become more populous, urbanize, motorize, industrialize, 
and their per capita incomes rise, the upward trend of their emissions will steepen (Figure 2).5 
Moreover, developing countries will bear the brunt of the climate change and its economic 
consequences, while also being least able to afford the damage. A strong case can be made for 
advance planning, a well-articulated strategy and systematic implementation of measures to 
green the growth of developing countries. Early movers can safeguard and possibly improve 
their growth prospects, while simultaneously slowing the concentration of GHGs in the earth’s 
atmosphere. 
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Figure 2: Carbon emissions by country and region 

 
Source: CGD (2015).  
 
The purpose of this paper is threefold. First, it briefly summarizes where climate change is 
heading, reviews the status of international attempts to limit GHG emissions, and identifies 
roadblocks to an enduring agreement. Second, the paper examines the economic implications 
of rising temperatures for developing countries and takes a critical look at some of the 
technological fixes that are surfacing. Third, the paper identifies measures developing 
countries could pursue in conjunction with others so as to take control of the climate change 
agenda. It is only by anticipating and planning for the challenges to come that developing 
countries will be able to contain the costs and sustain needed rates of growth, while achieving 
carbon neutrality within four or five decades.  

1. How Climate Change and Its Negotiations are Evolving 

Evidence of climate change is widespread. The last five years were among the warmest on 
record, with 2020 the second warmest year after 2016.6 Warming is greater over land and 
causing more frequent severe weather events—heat waves,7 droughts, flooding, wildfires, and 
hurricanes (Figure 3).8  
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The majority of climatologists are of the view that the situation is becoming dire.9 They also 
warn that developing countries, especially those lying in the tropical belt, will be the hardest 
hit. Higher temperatures and weather extremes will impact, food security,10 water 
availability,11 mortality,12 labor productivity,13 learning by students,14 migration patterns,15 
physical infrastructures,16 and lead to an increase in the incidence of conflicts17 and of localized 
violence.18 Major cities (some in deltaic regions) such as Mumbai, Kolkata, Guangzhou, 
Jakarta,19 Ho Chi Minh City, Bangkok, and Lagos are likely to be seriously imperiled absent 
costly protective investments.20 We intend to examine some but clearly not all of these threats 
as they impact on the viability of sustainable growth in countries faced with high poverty levels 
and major uncertainties with respect to their economic outlooks. 

Global mean surface temperatures during 2006–2015 were 0.87°C higher than the average for 
the period 1850–190021 and are rising by 0.2°C per decade as CO2 continues to accumulate. The 
COVID-19 pandemic reduced economic activity, leading to a 7 percent decline in volume of 
carbon emissions, mainly from a slowdown in the transport sector.22 Nevertheless, 
atmospheric accumulation inched upwards from 416 ppm in April 2020 to 419 (or 421 ppm) a 
year later23—a 50 percent increase over the 278 ppm recorded in preindustrial times (Figure 
4).24  

 
Figure 4: Increase in atmospheric CO2 

 
Source: ITU (2020).  
 
At the end of the 20th century, ocean temperatures had risen by 0.33°C and sea levels were 8 
inches higher than at the beginning. Marine heatwaves are becoming more frequent and high 
temperatures that persist for five days or more damage the growth of phytoplankton, hurt 
fisheries, and exacerbate the bleaching of coral reefs.25 Over the first two decades of the 21st 
century, water levels have been rising at 1.3 inches per decade as the oceans absorb 90 percent 
of the excess heat. Oceans are also absorbing some 22 billion tons of CO2 each day and are 
becoming more acidic with deleterious consequences for all aquatic organisms.26 Arctic sea ice 
cover has fallen sharply as has the average thickness of the ice. Glaciers are melting in 
mountainous regions; there is less snow cover in the Northern Hemisphere; and snow melts 
earlier in springtime.27  

According to the Germanwatch Global Climate Risk Index, South and Southeast Asian 
countries and a few in the Caribbean region were the countries most affected between 2000 
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and 2019, but they were not the only ones.28 Reliance on agriculture and the coastal 
concentration of the population exacerbates countries’ vulnerability to climate change. Coastal 
cities are more exposed to the full force of hurricanes and tidal waves and, over the longer 
term, to rising sea levels. Agricultural activities near the coast are also vulnerable to climate 
change risks, including severe weather events that lead to flooding, subsiding land, damage to 
infrastructure, soil erosion, and increasing salinity of soil and groundwater.29  

Careful management of water resources will become critical for countries in Asian river basins 
(e.g., Mekong, Brahmaputra), to compensate for building of upriver dams, reduced flow of 
water because of more frequent droughts, and shrinking Tibetan glaciers.30 Moreover, 
weakening summer monsoons and more frequent heavy downpours will adversely impact 
South Asia and Southern China, both of which have suffered from severe flooding in recent 
years.31 Water-related threats to food security are already a concern for some countries, and 
will become even more pressing.32  

Barring a coordinated and concerted effort by all the major emitters of GHGs (Figure 2), 
average temperatures will continue rising and could exceed 2°C by 2050 and approach 4°C by 
the end of the century.33 Whether or not the leading GHG emitters are able to settle their 
differences and take steps—in conjunction with measures being taken by private businesses 
and subnational governments across the world—to contain warming to 2°C or less,34 some of 
the damage has already been done. Higher temperatures and weather extremes35 are here to 
stay36 and developing countries must act to both contain the carbon/GHG emissions37 and 
mitigate the consequences of climate change.  

1.1. The International Climate Regime 
Climate change has aroused concern for decades. In 1988 the United Nations Environment 
Programme and the World Meteorological Organization established the Intergovernmental 
Panel on Climate Change (IPCC) to provide periodic updates on the state of knowledge on 
climate change and recommendations.38 The 1992 Earth Summit held in Rio de Janeiro was an 
early attempt to arrive at a consensus on how to achieve sustainable development.39 The 
declarations, agendas, and commissions that materialized may have heightened awareness but 
did little to reduce emissions. However, they did lead to the ratification of the UN Framework 
Convention on Climate Change (UNFCCC) by 197 countries. This established an annual forum 
known as the Conference of the Parties (COP) to discuss ways of controlling the release of 
greenhouse gases. These meetings led to the adoption of the Kyoto Protocol in 1997 and its 
ratification in 2005.40 The Protocol (from which the United States later withdrew) legally bound 
all signatories to cut emissions by 5 percent from average levels in the 1990s but did not compel 
countries to act or impose penalties on those that did not adhere to the agreed terms.41 

In 2015, 195 countries entered into the Paris Agreement (COP 21, signed in 2016)42 and agreed 
to enter pledges to reduce emissions by as much as would be required to prevent global mean 
temperatures from rising by more than 2°C in excess of preindustrial levels and make efforts 
to cap the increase to 1.5°C. The aspirational goal of the Agreement was to arrive at net zero 
emissions by the second half of the 21st century. Each signatory nation set its own (best effort) 
target and was required to assess progress every five years as part of a “global stock-take.”43 
However, as with the Kyoto Protocol, there was no mechanism for enforcing compliance and 
no penalties for falling short of targets.  
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There have been a few encouraging developments in the past two years. The EU and several 
other high-income countries including the United Kingdom, Japan, and the Republic of Korea 
have renewed their pledges to cut net emissions to zero by mid-century.44 In December 2020. 
China, which is the largest emitter (29.7 percent), pledged to peak its GHG emissions by 2030 
and to push for net zero emissions by 2060.45 The reaffirmation of the Paris Agreement by the 
United States after withdrawing two years earlier was a second promising development.46 On 
April 21st, 2021, President Biden announced that the United States (the second largest emitter, 
15.3 percent) would endeavor to scale back its GHG emissions by 50 percent by 2030 compared 
to levels reached in 2005.47 A third development was data suggesting that the rate of warming 
was beginning to ease slightly because of regulatory measures taken to date, the increasing 
reliance on gas as a substitute for coal and on renewable sources of power, and a slowing of 
global GDP growth rates.48  

These pledges hold out hope that climate change could be contained. But other developments 
give rise to doubts. Russia and Brazil have demonstrated little willingness to abide by the 
Agreement.49 The developed nations have been slow thus far to meet their commitments to 
fund renewable energy and other emission-reducing measures in emerging markets and 
developing economies (EMDEs). Financing of research on renewables has risen very little 
(US$4.9 billion). Moreover, countries such as India and China have a vast amount of coal-fired 
generating capacity and new plants in the pipeline. Indian policymakers have expressed an 
intention to replace aging coal fired plants with renewables.50 Although China has declared an 
intention to wean itself away from a heavy reliance on coal, over 38 GW of coal-fired power 
capacity was activated in 2020, and there are many new projects in the pipeline (247 GW is in 
the planning/development stage). Moreover, China continues exporting coal-fired generating 
equipment to countries participating in the Belt and Road Initiative (BRI), with investment 
amounting to US$43 billion.51 In fact, these countries collectively could be releasing one half of 
all carbon emissions by 2050.52 

Clearly, the Kyoto Protocol and the Paris Agreement have focused attention on climate change, 
spurred activism and are beginning to deliver results. But progress has been slow. Global 
emissions of CO2 have risen annually by 2.5 percent while decarbonization, that is the 
reduction in carbon released per unit of output, has fallen by 1.5 percent per annum. Current 
projections indicate that the Paris Agreement will not achieve the desired degree of 
decarbonization, and pledges without enforcement will not work. Figure 5 presents a view on 
where the world is, where it is heading, and what could be achieved by strong, enforceable 
policies.53  

The 6th Assessment by the IPCC to be issued in 2022 should provide policymakers meeting for 
the “stock-take” in 2023 with compelling evidence to make binding commitments. As 
examined in the next section, coming to grips with climate change calls for greater clarity 
regarding objectives and instruments and mechanisms of enforcement. Deferring action is no 
longer a viable option, however unpalatable the cost of bending the trajectory of emissions 
might seem to politicians, businesses, and the public. The painful shock administered by the 
COVID-19 pandemic bears no comparison to the kind of pain that accelerating climate change 
would inflict on all countries—with EMDEs squarely in the eye of the storm.54  
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Figure 5: Climate change scenarios 

 
Source: Cornwall (2020).  

 

1.2. Negotiating Climate Agreements Has Been an Uphill Task 
Nations have struggled to agree on the specifics of a binding climate agreement for a variety 
of reasons. Three have proven especially troublesome and will need to be addressed if the 
global community is to collectively adopt measures that will lead to net zero emissions by the 
middle of the century or soon thereafter. The three are: financial support for the additional 
costs that will be incurred by developing countries; clarity regarding the measurement of net 
zero emissions; and credible means of monitoring emissions and penalizing countries that 
deviate from their pledges. 

Developing countries have argued that they are not responsible for much of the carbon 
pumped into the atmosphere since the start of the industrial revolution. They further insist that 
a rapid greening of development would be costly and that they are owed some compensation 
by the countries largely responsible for the bulk of past and current emissions. In 2009, 
industrialized countries agreed to “new and additional” financing for developing countries 
amounting to US$100 billion to defray the burden imposed by measures taken to control 
emissions.55 This commitment was reaffirmed by Article 9 of the Paris Agreement. 

This additional financing has been slow to materialize. Between 2009 and 2018, the OECD 
estimated that US$79 billion in new assistance from bilateral, multilateral, and private sources 
was provided to developing countries.56 However, the actual amount of new financing may be 
much lower. According to one estimate, 45 percent of the total were existing resources that had 
been rebadged or reallocated for climate change related purposes.57 Moreover, several 
countries including the United States and Canada, cut back their assistance in the aggregate. 
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This has contributed to tensions between developed and developing nations and led to an 
erosion of trust. Figure 6 offers a snapshot of the financing from various sources.  

 
Figure 6: Total development finance 

 
Source: Mitchell et al. (2021).  
 
At the next round of negotiations in 2023, countries will need to arrive at a clearer delineation 
of climate financing and how such spending is reported and accounted for58 plus an agreement 
on how the resource needs of developing countries will be met. Advanced economies must 
come forward with some of the financing—possibly in excess of the US$100 billion promised 
earlier. Still, this will not suffice. Developing countries will need to mobilize additional 
resources domestically; and those with the relevant capability could make up for a shortfall by 
tapping international financial markets. This is a point we will return to in section 3.  

How emissions are defined and what the plans countries have tabled raises a second set of 
thorny issues. Roeglj et al. (2021)59 draw attention to some fundamental ambiguities inherent 
in net zero labelling. This is because some countries such as China refer only to emission of 
CO2. The EU is targeting net zero emissions of all GHGs. The United States has not specified 
what kind of emissions it intends to control. Corporate entities are only committing to reducing 
emissions they can control or at best emissions released by their supply chains. Some are using 
offsets to meet targeted reductions.  

Outcomes depend somewhat on which GHG are mitigated. As Roeglj et al. (2021) explain, 
“CO2 is the main cause of rising global temperatures; it accumulates and lasts [in the 
atmosphere for] thousands of years. Bringing CO2 emissions down to net zero halts further 
warming, but the impact of CO2 already present in the atmosphere will linger for centuries. By 
contrast, shorter-lived greenhouse gases, such as methane [and fluorinated gases60], last for 
years to decades. Reducing these would diminish their contribution to warming relatively 
quickly.” 

To resolve the issue, the Paris Agreement encompasses all greenhouse gases. Non-CO2 gases 
that cannot be eliminated must be offset by an equivalent cutback of CO2 emissions using 
whatever means are available, including carbon capture and sequestration (CCS). The metric 
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adopted by the UN to determine this equivalent amount is the greenhouse gas Global Warming 
Potential over 100 years, or GWP-100.61 Currently, net zero targets lack credibility because 
countries have not been forthcoming with “milestones, an implementation plan, and a 
statement about longer-term intent for either maintaining net zero or going net negative. 
Leaving these out risks inaction, diversions and failure” (Roegli et al. 2021). The inconclusive 
outcome of COP 25 held in December 2019 points to holdups to come. However, the 
preparation of national plans in time for COP 26 and the creation of a Sustainable Standards 
Board offers hope of progress. 

The third issue to be resolved is the enforcement of pledges and the need to minimize free 
riding.62 The attempts to significantly check the increase in emissions have fallen short of 
expectations because although the vast majority of UN members have signed on to climate 
agreements, there is no obligation to adhere to paper commitments. No country is penalized if 
it fails to comply.63 Devising an enforcement mechanism that the leading emitters would buy 
into is no easy task. One possibility with support was proposed by William Nordhaus (2015) 
and calls for the formation of a climate club or a compact.64 Members would set a price on 
carbon,65 coordinate with each other, and adhere to clearly defined targets for GHG emissions. 
Members would also commit to imposing “carbon border adjustment tariffs” on imports from 
non-members based on the carbon emitted in the manufacturing process.  

A climate club comprised of the United States, the EU, and possibly China (the three account 
for close to 45 percent of global imports) could incentivize other countries to join so as to avoid 
the levies on their exports to club members. It would also minimize carbon leakages resulting 
from a transfer of production activities to countries with less stringent regulation and 
monitoring of emissions. As the cost of controlling emissions declines, the membership of the 
club would expand. And in fact, with renewable sources generating electricity at lower 
levelized costs than coal-fired plants and other technologies offering cost-effective ways of 
reducing emissions from industry, transport, and buildings, a climate club comprised of the 
advanced countries and China would induce other trading nations to do what was necessary 
to gain admission. 

A climate club constitutes one of several measures that could motivate compliance. These 
include financing (noted earlier), technology transfer, capacity building, and the use of 
litigation that puts legal pressure on governments and corporations to provide compensation 
for damages inflicted by emissions. Monitoring compliance and designing credible incentives 
and sanctions is a challenge.66 But no climate agreement will deliver the urgently needed 
results if adherence by sovereign participants is purely voluntary, each country chooses its 
own not especially exacting emission target, and a pledge by one regime can be ignored by its 
successor.67 The major emitters must lead by example, by living up to their commitments to 
other countries, and by strengthening not undermining climate change governance.68  

These are some of the knots that negotiators must untangle in the next couple of years. The 
stakes are high. Failure to arrive at binding pledges on emissions and assistance for developing 
countries will be costly for all and more so for economies lower on the income ladder as 
reviewed in the section 2. 
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2. Climate Change Burdens and Needed Responses 

The impacts of unmitigated climate change have been made clear by a succession of IPCC 
reports and a veritable library of other writing and research. Climate change poses a threat to 
the availability of fresh water, agricultural yields, labor productivity, and health, and will 
likely lead to mass migration and to political instability. 

2.1. Ensuring Food Security 
Feeding the world’s population (forecast to approach 10 billion by 2050) will be a huge 
undertaking in a warming environment, given that food systems already appear to be under 
stress.69 Two thirds of all calories consumed are sourced from four crops: wheat, rice, maize, 
and soybeans. This simplification and homogenization of crop production enhances the 
vulnerability of the global food production system to shocks. Higher temperatures are taking 
a toll on productivity. Test results show that every one-degree Celsius increase in global mean 
temperature reduces yields of wheat by 6.0 percent, rice by 3.2 percent, maize by 7.4 percent, 
and soybean by 3.1 percent.70 According to field experiments by Peng et al. (2004), rice yields 
fell by 10 percent for every 1°C rise in temperatures. The yield of corn in the United States begins 
to trend downwards when temperatures rise above 29°C, of soybeans once it exceeds 30°C, and 
a temperature above 32°C depresses the yield of cotton crops (Schlenker and Roberts 2008).  

The anticipated decline in yields of corn, wheat, rice, soybeans, cotton, and sorghum is 
reaffirmed by the U.S. Global Change Research Program (2018, p.41).71 For example, in West 
Africa a 1°C increase in mean temperatures is responsible for reduced yields of millet (10–20 
percent) and sorghum (5–15 percent).72 Furthermore, the nutritional content of C3 plants will 
be lower as the CO2 prevalence in the atmosphere rises (when CO2 rises to between 546–586 
ppm, wheat has 5.9–12.7 percent less protein, 3.7–6.5 percent less zinc, and 5.2-7.5 percent less 
iron).73 Most other major crops will be similarly affected not just by warming, but also by the 
increased prevalence of disease, invasive plants and pests,74 dust, short-lived climate 
pollutants (ozone, black carbon), the disappearance of many pollinators, water stress 
(including from groundwater depletion and dissolved oxygen content), a reduction in food 
quality, and the increased risk of spoilage as well as of infestation by mycotoxins.75 Africa (and 
Asia) could be especially hard hit with a 50 percent loss of agricultural output (Porter et al. 
2014).76 Pastoral farming and aquaculture (disease, parasites, toxic algae) would not be spared. 
In fact, loss of pasture, lower animal productivity, disease, and biodiversity loss would impose 
large costs.  

Overall, the annual reduction in consumable calories traceable to climate change may amount 
to one percent of the total or 35 trillion calories, which could worsen malnourishment, stunting, 
and wasting, which are still widely prevalent in developing countries.77 Food security will 
become a major concern for most developing countries with low-income consumers bearing 
the brunt.78 Because of climate change, population growth and per capita caloric consumption 
(which rose through the last third of the 20th century) would begin to decline (Figure 7). As it 
is, close to two thirds of the population in Sub-Saharan Africa (SSA) cannot afford a healthy 
diet.79 More than 2 million children under the age of five die from hunger and related illnesses 
each year, as well millions of older children and adults. Many more suffer from wasting and 
stunting and from deficiencies of micronutrients.80 Climate change will increase that 
percentage and not just in SSA.  
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Figure 7: Global and regional per capita consumption (kcal per capita per day) 

Region 1964-1966 1974-1976 1984-1986 1997-1999 2015 2030 
World 2358 2435 2655 2803 2940 3050 

Developing countries 2054 2152 2450 2681 2850 2980 

Near East and North Africa 2290 2591 2953 3006 3090 3170 

Sub-Saharan Africaa 2058 2079 2057 2195 2360 2540 

Latin America and the Caribbean 2393 2546 2689 2824 2980 3140 

East Asia 1957 2105 2559 2921 3060 3190 

South Asia 2017 1986 2205 2403 2700 2900 

Industrialized countries 2947 3065 3206 3380 3440 3500 

Transition countries 3222 3385 3379 2906 3060 3180 

Source: https://www.who.int/nutrition/topics/3_foodconsumption/en/.  
a. Excludes South Africa. 
 
The IPCC report has laid out a long list of remedies to mitigate the consequences of declining 
yields and wastage across the food value chain. Among these, biogenetic, nano-chemical, 
mechanical, and digital technologies will undoubtedly play a major role, as will improvements 
in transport, the cold chain, and storage technologies81 for grain and other products. Advances 
in each of these areas have been ongoing with biogenetic and digital innovations appearing 
thick and fast in recent years. Molecular biologists using DNA editing techniques such as 
CRISPR-Cas9 and TALEN are beginning to develop variants of cultivars with disease- and 
drought-resistant qualities more swiftly and efficiently.82 Nanotechnology is helping scientists 
calibrate the use of inputs to maximize yields.83  

The mechanization of agriculture is accelerating. New smart machines using digital 
technologies/Big Data are enabling precision agriculture that conserves inputs (including 
energy and water)84 by using them in a targeted and precisely calibrated manner with the help 
of numerous sensors. Smart machines, in conjunction with improved crop varieties and new 
weeding and harvesting equipment, also enhance yields.85 These technologies are optimized 
for the conditions, resource endowments, and crops of upper middle- and high-income 
countries and may currently seem beyond the reach of many developing countries lacking the 
human and physical capital. However, adaptive innovations can harness them in forms 
appropriate for developing country environments. Such innovation is going to become a 
necessity in order to minimize losses of output and the risk of acute food crises. Other 
techniques and changes in cropping practices will reduce emissions of CO2, methane, and 
nitrous oxide.86  

There is no time to lose in building the research, digital, extension, and physical infrastructure 
to adapt and mainstream new agricultural technologies. Speedy development will demand 
scaled-up resource mobilization and investment, well above current levels. A report prepared 
by the Food and Land Use Coalition offers a roadmap to a more sustainable agriculture, which 
includes a transition to a more plant-based diet and reduction of costly externalities inflicted 
by current practices.87 Figure 8 presents some estimates of the costs of GHG abatement in 
agriculture, with reduced consumption of animal protein being the priciest.  

https://www.who.int/nutrition/topics/3_foodconsumption/en/
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2.2. Securing Adequate Supplies of Water 
Fresh water availability underpins agricultural and industrial88 productivity, and is a 
determining factor in the survival, growth, and quality of life of urban centers. MIT researchers 
project that “domestic freshwater consumption could double from 348 billion cubic meters in 
2010 to 698 billion cubic meters in 2100, and industrial use of water could increase from 763 
billion cubic meters to 1,098 billion cubic meters, or about 45 percent. Irrigation use is projected 
to decline slightly worldwide.”89  
 

Figure 8: Cost of abatement measures to reduce GHG emissions from agriculture 

 
Source: Aminetzah, Katz, and Mannion (2020).  
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However, water availability is likely to fluctuate and decline even as demand and competition 
among users increases. Usable water resources are affected by precipitation, snowmelt, 
evaporation, groundwater levels, and dissolved oxygen content. Satellite imagery collected by 
NASA from 2002 to 2016 indicates that drier areas are becoming even more dry and those that 
are wet have become wetter.90 The IPCC estimates that when the global mean temperature rises 
by one degree, 7 percent of the population experiences a 20 percent decline in renewable water 
availability. This warming could happen as soon as 2025,91 or by 2067 in a more temperate 
assessment.92  

Warming will also lead to more frequent extreme weather events and social disruption. The 
population exposed to 100-year floods will rise threefold.93 Drought increases the risks from 
wildfires and conflicts, which in turn can trigger large-scale migration. According to some 
commentators, severe drought and crop failures in Syria starting in 2007 accelerated migration 
from rural areas to cities. This drought-related migration is considered one of the factors 
(including other political forces) precipitating unrest, full-fledged civil conflict, and refugee 
migration into neighboring countries.94  

Water scarcity is growing in many Asian, African, and Middle Eastern countries. Down the 
road, the World Bank estimates that the more severely affected regions could lose 6 percent or 
more of GDP.95 The Northern part of China is a water-scarce region where the situation is likely 
to worsen over time as supplies diminish.96 Among the Middle Eastern nations, Jordan is 
already one of the most water-poor countries and exemplifies the risks from climate change. 
Warming could lead to a sharp reduction in water supplies from all sources, including the 
Yarmouk River, even as the population balloons because of natural increase and an influx of 
migrants.97 Drought and water politics98 also threaten countries that depend on the Mekong 
River—principally, Vietnam, Cambodia, and the Lao People's Democratic Republic.99  

India’s situation highlights the severity of the emerging problem for others. The Northern part 
of the country is reliant on rivers that originate from the Tibetan Plateau and are fed by melting 
snowpack as the make their way through the Himalayas down to the plains. Melting glaciers 
and a decline in snowfall could reduce river flow in the summer and fall, increasing 
dependence on monsoon rains. More than 20 cities are already facing acute water shortages, 
including Bangalore, Delhi, and Chennai.100 River and groundwater pollution are seriously 
degrading potable water quality and are the cause of 200,000 deaths annually. Satellite and 
ground observations point to continuing depletion of groundwater as a result of excessive 
pumping in the Northern and Eastern parts of the country.101 And a combination of warming, 
population growth, and urbanization could mean that 40 percent of India’s population will not 
have access to drinking water by 2030—half a billion people.102 With less water for bathing, hand 
washing, and cooking, gastrointestinal and other diseases could run rampant.103 The effects of 
water scarcity on GDP by 2050 under a business-as-usual scenario versus a good policy scenario is 
shown in Figure 9. 
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Figure 9: Effects of water scarcity on GDP in 2050 under two different policy regimes 

 
Source: World Bank (2016).  
 
Addressing water scarcity related to climate change will require more efficient utilization of 
water resources. Mitigations will include efficient pricing policies, conservation measures, 
investment in water transport and storage infrastructure that minimizes losses, investment in 
power-generating facilities to operate pumps and recycling facilities,104 and frugal water 
standards for equipment in homes and factories.  
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Policy measures to improve the efficiency with which water is utilized and conserved have a 
long and checkered track record. For example, assigning water permits allows recipients to 
use, rent, or trade water, but the optimal assignment is a legally complex, institutionally 
demanding, and politically burdened process. Water permitting needs to take account of the 
shift in water use from agriculture to the urban sector, as well as the implications of rainfall 
variability resulting from climate change.  

Pricing water to reflect its scarcity (with adjustments so as not to burden the poor) has a strong 
economic pedigree. Moreover, where utilities are required to cover costs, they have an 
incentive to minimize inefficiencies such as leakage. But pricing runs into a political thicket 
when agricultural users are called upon to pay water charges. Their resistance is fierce in every 
country and is compounded by the difficulty of metering water usage and controlling the 
pumping of groundwater. Nevertheless, given the high share of water consumed by 
agriculture and the widespread evidence of waste, this is a nettle governments must grasp. 
There remain “opportunities to alter behavior and change thirsty consumption patterns 
through education, contextual cues, and using social norms to signal consent or 
disapproval.”105  

Technology that reduces the energy and other costs of recycling and desalinating water and 
that drastically cuts the water consumed by farms, factories, and power plants106 will be a 
necessary complement to water pricing.107 Globally, 70 percent of water is used for agricultural 
purposes108—more in low-income/lower middle-income countries (over 80 percent in Africa 
and Asia) and significantly less in high-income ones (41 percent, 21 percent in Europe, and 51 
percent in North America).109 Industry accounts for 19 percent, and households for the balance 
(11 percent).  

Developing countries need to invest in technologies related to water recycling and the 
desalination of brackish water and seawater.110 For example, researchers are developing new 
membranes using graphemes and carbon nanotubes. To reduce energy consumption, forward 
osmosis and reverse osmosis/pressure-retarded osmosis are being piloted as are techniques to 
recapture some of the energy from fluid streams.111 Energy consumption by desalinating plants 
has declined by 80 percent over the past two decades, but the potential for improvement is far 
from exhausted.112 Recycling water to drinking-quality standards or lesser levels suitable for 
irrigation, industrial, and groundwater recharge purposes may have even more potential and 
will be a needed technology in many inland areas far from water courses.113 Figure 10 compares 
the costs of supplying water from a variety of sources and using various technologies. 

As with agriculture, assuring adequate supplies of potable water is going to be a costly 
challenge. The scope for innovation using physical, chemical, and biological means is ever 
expanding as removing all solids (e.g., microplastics) and contaminants from water is beyond 
the reach of many existing technologies (at an affordable cost).114 Countries will need to 
prepare for investments in both physical facilities and in accumulating usable knowledge to 
advance the technological frontier. 
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Figure 10: Cost of water production by source 

 
Source: World Bank (2016). 
Note: Desalination calculated as an average of costs from 12 large urban areas around the world. 
 

2.3. Strengthening and Building Infrastructure 
Coastal areas, island nations such as the Maldives, people living in floodplains, and those 
inhabiting areas near the wildland interface115 are increasingly exposed to severe weather 
events, fires, and floods. The costs in terms of property damage and lives lost is tracking this 
rise. A continuation of warming (likely to exceed 1.5°C) will mean that these areas will remain 
highly exposed to buffeting by the elements.  

Coastal areas and locations alongside rivers have long been favored for settlement because the 
climate is milder, water-borne transport is convenient and cheap, and rivers provide fresh 
water and can be a way of disposing waste. Hence many of the world’s largest cities are 
situated on waterways or along the coast. Forty percent of the world’s population lives within 
100 kilometers of a coastline and 600 million or more in low-elevation coastal zones (10 meters 
above sea level or less116). The bulk of economic activity is concentrated in coastal areas or 
along waterways. Expanding populations and cityward migration in developing countries will 
result in greater concentration in zones potentially vulnerable to climate change.  

In order for potentially exposed areas to remain habitable and to sustain or improve current 
levels of economic activity, the infrastructure will have to be made climate resilient.117 This will 
be a huge and evolving undertaking. Climate-modelling exercises can inform planning, but 
much uncertainty remains about future trends in global and regional temperatures. There is 
also uncertainty about the severity of weather events, and vigorous debate about how best to 
climate proof key infrastructures. Looming over the variety of options—very few for some of 
the most vulnerable developing nations—is the cost. The data needed for effective decision making 
and the (modelling, planning, design, standard setting, and regulatory) tools are improving in 
developed countries but developing ones lag far behind.118 Financial tools are also evolving, and 
climate-related financing is bound to grow vertiginously in the future. 
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In terms of scope and scale, climate proofing of soft and hard infrastructures presents 
significant challenges for developing countries. Cities such as Saigon/Ho Chi Minh City, 
Bangkok, and Jakarta have been pumping groundwater for decades, but they are still sinking 
each year and the threat from flooding has grown.119 Cities in this predicament120 can combat 
rising sea levels by building sea walls and combining them with natural barriers—including 
preservation, where feasible, of coastal wetlands, marshes, and mangrove forests.121 In 
addition, drainage and pumping systems will have to be strong enough to protect against 
flooding, and the water and sewerage systems will need proofing against a rising water table 
and the worsening salinity of groundwater from seawater incursion. Coastal areas have 
already begun elevating roadbeds and railway tracks in line with storm-hardening 
evaluations. Buildings most at risk can be strengthened by adding concrete reinforcement or 
by constructing a concrete or masonry wall on the perimeter of the property.122 This work, 
along with advances in the materials used and the quality of construction, will become a 
necessity for new transport infrastructure and the upgrading of legacy infrastructures.  

Severe weather events and natural disasters in the past decades have demonstrated that 
infrastructure built to specifications determined by past weather patterns is unsuited for 
conditions that will prevail as the climate warms.123 Hurricane Sandy, which pummeled New 
York and New Jersey in 2012, exposed the vulnerability of key urban systems. Subways were 
flooded, low-lying electrical equipment was disabled, power lines were downed,124 cell phone 
towers collapsed, the stormwater drainage system was overwhelmed, and sewerage systems 
were compromised. Similarly, the damage inflicted to homes by wildfires in California and 
Washington State has revealed the vulnerability of the electric power infrastructure. Drought, 
a perennial and now increasing worry in the Middle East, North Africa, and in parts of the India 
subcontinent, could also wreak havoc, especially when accompanied by heatwaves. Figure 11 
indicates the level of risk to infrastructures arising from severe weather events. Flooding and 
hurricanes cause the most damage.  

Despite the growing need for climate proofing, there is widespread neglect of infrastructure. 
Existing infrastructure is aging and replacement rates are low and slipping further. The state 
of the transportation system in the United States and the magnitude of the investment 
requirements are a warning to other nations. Of the 616,087 bridges in the United States, 
235,000 require structural rehabilitation, repair, or removal. The conservatively estimated price 
tag for rehabilitation is US$171 billion.125  

The demand for and the cost of more and better infrastructure is set to rise over the next three 
decades.126 With climate change, the cost of providing this infrastructure could escalate by 10–
15 percent and there are no substitutes or technological shortcuts. In order to minimize GHG 
emissions, the infrastructure must be built accordingly and made suitably resilient. The good 
news is that some EMDEs are beginning to spend 4.5 percent of GDP, which could suffice 
under the preferred scenario in a recent World Bank report (see Figures 12 and 13).127 However, 
this is by no means a settled view. Other estimates point to a wider infrastructure gap (US$15 
trillion through 2037 on current trends), and to misallocated investment generating low 
returns.128  
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Figure 11: Vulnerability of infrastructure assets to climate change 

 

 
Source: McKinsey (2020).  
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Financing additional infrastructure investments is challenging for developing countries, which 
often face preexisting infrastructure gaps, inefficient provision of infrastructure services, and 
a myriad of competing short-term expenditure needs. In particular, SSA lags the developing 
world in nearly all dimensions of infrastructure performance. Financing infrastructure that can 
withstand climate change will require “not only more efficient domestic resource mobilization 
from SSA governments, but also innovative solutions to crowd-in private financing.”129  

Given the exigencies of climate change, a radical rethink of development financing may be 
required as existing instruments such as official development assistance (ODA) and green 
bonds may not suffice. Developed economies may have difficulty meeting existing 
commitments, including laudable goals such as the SDGs, let alone dealing with climate change 
exigencies and narrowing infrastructure gaps. Some climate-related innovation in ODA is 
evident. For example, ESMAP, supplemented by financing from the Climate Investment Fund 
and Green Climate Fund, is supporting the development of green energy.130 The Global 
Environment Fund and the Special Climate Change Fund address climate change needs. But 
these changes are not enough to close the gap. Climate finance discussion seems to coalesce 
around the idea of a mega-fund that is (i) large enough to wean economies from fossil fuel-based 
energy systems, and (ii)more democratic in its governance structure.131 Although few governments 
will be eager to contribute to a new mega-fund, an initiative led by key development agencies that 
attracts matching investments from the private sector could mobilize the tens of billions that 
developing countries need.  

2.4. Sustaining Labor Productivity 
A substantial body of research shows that labor productivity peaks at 13°C. As workplace 
temperatures rise, productivity first plateaus and then declines by 2 percent per degree 
increase over 22°C or 25°C depending on activity.132 In the United States, Deryugina and 
Hsiang (2014) find that labor productivity slips by 1.7 percent for every 1°C increase in average 
temperature above 15°C. Exports and industrial value added also decrease by between 2 
percent and 2.4 percent for every degree increase over the average for the year.133 Services 
output in the Caribbean falls by 6 percent.134 Moreover, rising temperatures quickly register on 
the GDP bottom line: each degree increase over the annual average can shave between 2–3 
percent off per capita GDP.135 This implies that positive growth can quickly be erased by rising 
temperatures through the labor productivity factor. Ignoring these trends will only serve to tip 
developing countries into increasingly precarious economic circumstances.  

Inevitably, it is the poor who suffer the most from rising temperatures. They tend to live in the 
most heat-prone areas within and among countries, and also are more likely do work that 
exposes them to higher temperatures (agriculture, transport, refuse collection, construction, 
manual work).136 Intra-country inequality has been on the rise in many EMDEs and warming 
appears to be exacerbating this trend137 because of (i) exposure of low-income groups to climate 
change; (ii) greater susceptibility of this income group to the damage from climate change; and 
(iii) and climate change diminishes their ability to cope and recover.138  

A warming climate will entail major changes in the scheduling of work with more being done 
early in the day and in the evenings. However, much more than this will be required to sustain 
economic activity, in particular temperature control in work (and living) environments for 
workers in industrial and services sectors. Air conditioning on a broad scale—as in 
Singapore—is a possibility, but it is currently a costly, energy intensive solution, which few 
developing countries can afford.139 The Singapore economic ‘miracle’ would have been 
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inconceivable without widely available air-conditioning.140 Widespread adoption of affordable 
cooling techniques with minimal increase in carbon emissions requires advances in technology 
(passive and other), optimized design of urban spaces, and electricity from renewable sources.  

The demand for space cooling could increase threefold by 2050 and account for 37 percent of 
the electricity consumed.141 Technological gains in three areas could bring climate control on a 
large scale within reach of low- and middle-income countries while curtailing carbon 
emissions. The first area of technological advance is in cooling technologies. Technologies 
currently in use include “sorption cooling, desiccant cooling, magnetic cooling, thermoacoustic 
cooling, thermoelectric cooling, and trans critical CO2.”142 Developing these further and finding 
other less pricey options should be (and is becoming) one area of intensive research.143  

The finalists for the Global Cooling Prize144 have come forward with a number of innovative 
solutions. These include “Smart hybrid technology to optimize on efficiency and handle 
temperature and humidity separately; no or low-GWP (global warming potential) climate-
friendly refrigerants; reusing system-generated waste heat and water; smart controls, sensors, 
and automation to optimize hybrid operation based on outdoor and indoor conditions; or 
integration of a small solar panel on the outdoor unit to significantly reduce the overall climate 
impact.”145  

Among the more cost-effective technologies, Lalit (2020) notes that three are especially 
promising. (i) The first uses a “a multi split method … to connect three indoor units” that 
optimizes refrigerant flow depending on cooling load and uses control technology to modulate 
capacity. The multi-unit, regulated approach combined with evaporative cooling technology. (ii) 
A second approach “integrates an electro-osmotic membrane dehumidifier with a water-based 
direct evaporative cooling system to achieve air conditioning without using any refrigerant.” 
(iii) A third approach reduces energy consumption by separating the temperature and 
humidity control processes. It uses a new desiccant to remove water vapor from the air and 
the drier air then becomes easier to cool.146 

District cooling, which aggregates the demand from a number of residential and commercial 
buildings, is another way of increasing efficiency and is being rolled out in the Gulf 
Cooperation Council (GCC) countries. Innovative architectural designs that incorporate 
passive cooling mechanisms in buildings also reduce energy consumption.147 Such designs 
transfer heat from inside a building to exterior heat sinks. Where the air is dry, adding moisture 
directly or through passive downdraft evaporative cooling, which pulls in air through hoods 
on the roofs of buildings and draws the air across a pool of water or a fountain, is another cost-
effective technique used in the Middle East and Northern India. Retrofitting these and other 
technologies into existing structures will be costly and there will be additional costs incurred 
in designing, insulating, and installing cooling equipment in structures yet to be built.  

A related area of research is renewable energy technologies. Electrification of the economy and 
the greater use of cooling equipment must go hand-in-hand with decreased reliance on fossil 
fuels, as well as a further substantial decline in the cost of power from renewable sources.148  

As wind and solar begin to bulk large in the energy picture, the importance of distributed 
generation,149 the use of smart grid technology, and utility-scale storage devices will increase.150 
This is a third area of research and innovation complementing the other two that calls for active 
engagement by developing countries in both advancing the technology and putting it to use. 
Distributed generation has been around for over a century, but it is now entering a new 
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technological epoch and developing countries should actively participate in pushing the 
technology frontier and not watch from the sidelines. 

Minimizing the exposure to extreme heat in occupations such as farming, manufacturing, and 
construction will also call for innovation. Some of it will take the form of mechanization and 
automation tailored for the requirements and resources of developing countries that limit the 
exposure of workers to high temperatures. 3D printing of houses,151 factory production of 
modules152 that can be assembled on site using mechanized equipment, and other advances 
will need to be assimilated by countries where construction is still very labor intensive and 
relies on dated technology. Similarly, the preparation of land for farming, planting harvesting, 
processing, picking of fruit and vegetables, and myriad other activities that are part of the food 
value chain can and are being automated in advanced countries. The technology is capital and 
skill intensive however, it needs to be made more user friendly and its use scaled up to bring 
down costs. Indian and Chinese firms are doing some of this. Other countries need to step up 
their own research, development, and innovation so that the technology can evolve and be 
transferred more rapidly to tropical countries where it will be needed as warming continues. 

2.5. Protecting Health  
The COVID-19 pandemic has focused attention on the vulnerability of a globalized economy 
to infectious diseases. Medical experts warn that the incidence of disease outbreaks could 
increase.153 In part this will be the result of pathogens that mutate and crossover from animals 
to humans as population growth encroaches on animal habitats and there is greater exposure 
to wild species.154 Ebola fever caused by a virus from the Filoviridae family is one such disease; 
HIV is another.155 There are several more and black swans surely to come that we cannot now 
identify.  

Climate change will extend the range of disease-carrying vectors such as the Aedes aegypti and 
Anopheles mosquitos, which spread malaria, yellow fever, Zika, encephalitis, rift valley fever, 
and dengue fever, among others. For example, the incidence of malaria is correlated with 
higher temperatures in Pakistan and those prevailing in Venezuela and Colombia following El 
Nino events.156 The range of other disease-transporting insects and pests will also expand.  

Warming is also likely to exacerbate heart and respiratory conditions, allergies, and increase 
the risks of death from heat stroke. Food spoilage is another concern in the absence of secure 
cold chains and widespread access to affordable refrigeration. Diseases caused by the 
contamination of food will present the greatest risk to the poor. Outbreaks of food and water-
borne diseases are already a problem. Unless the food chain and food storage are made secure, 
the problem will worsen. Inequality of access to refrigeration will cause more harm than it does 
at present (Figure 14). 

Climatologists warn that the frequency and severity of floods, storms, heat waves, wildfires, 
and droughts will increase. These will inflict a heavier toll on health than they currently do as 
more people are now living in coastal areas, on flood plains, in tropical regions, and at the 
urban-wildland interface157 and therefore, more exposed damaging events. 
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By magnifying these risks, climate change will require increased spending on the hardening of 
existing infrastructure and the building of additional infrastructures to provide the needed 
protection. There will be a complemental need to expand public health and other emergency 
services, which are inadequate in most developing countries. With warming, strengthening 
infrastructures and services will become a higher priority with fiscal implications for 
governments. 

2.6. Augmenting State Capabilities to Cope with Shocks 
State capabilities and governance in many if not most developing countries are barely adequate 
and there is scant evidence of an improving trend.  

The list of fragile states is long and a number of states in some of the most environmentally 
challenged parts of the world are on the brink of failure.158 These countries have youthful and 
growing populations, their economic performance is marginal, domestic resource mobilization 
is inadequate, and few are demonstrating the capacity to plan and implement a growth 
strategy that is likely to be sustainable in the face of climate change As Andrews, Pritchett, and 
Woolcock (2017) note, “In most developing countries, the quality of institutions presiding over 
such tasks is flatlining or actively declining.”  

As countries recover from the scarring inflicted by the COVID-19 pandemic, they have an 
opportunity to chart a development path that is less dependent on carbon and material 
resources. The challenge will be to identify a path for countries that is viable, an improvement 
over the pre-pandemic course, is within their governance capabilities, and can be 
accommodated in a (temporarily) reduced resource envelope.  

Private initiatives, guided by market signals and the profit motive, can lead to investments, 
technological change, and innovation that reduce GHG emissions and make economies more 
resilient.159 But the mitigation and adaptation induced by market forces does not suffice. 
Markets fail to price the externalities caused by GHGs,160 hence governments need to take the 
lead to price carbon and to invest in technology and infrastructure. The private sector will 
either not invest or will ignore social benefits and invest too little.161 There are signs that major 
corporations, financial institutions, and insurers are waking up and beginning to take steps to 
decarbonize. However, less than 3,000 companies have been willing to disclose their carbon 
footprints, only 1,600 (mostly in advanced economies) have announced carbon reduction 
targets, and just 1,000 have actually achieved measurable progress. The task is relatively 
painless for financial firms, much harder for those delivering transport services.162 

The threat posed by climate change has magnified the demands on the state. Drought, floods, 
heatwaves, and hurricanes cause damage and disrupt economic and social activities. The 
effects can be long lasting. Middle- and upper middle-income countries can—up to a point—
absorb the losses and rebound; but lower middle- and low-income countries with populations 
living close to subsistence levels can suffer a breakdown of a precarious economic equilibrium 
and the social order. Weak or flailing states163 with limited organizational capabilities, fiscal 
headroom, or capacity to borrow from international sources are the ones at greatest risk. A 
succession of shocks impacting countries with weak institutions, where governments enjoy little 
trust and societies are weakened by the fracturing of social consensus, could easily result in 
existential crises that overwhelm both governments and international agencies. Such crises 
could in turn triggering mass migrations and localized conflicts that spiral into regional ones.  
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The Syrian crisis and the movement of people from Central America to the United States and 
from Northern Africa to the EU provide a foretaste of worse to come if climate change remains 
on its current trajectory and governments do not take preemptive action against future shocks. 
The World Bank estimates that by 2050 the number of climate migrants will increase by 143 
million.164 The extent of disruption and how much movement of people does in fact occur will 
be determined by many factors as shown in Figure 15.  
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Suffice to say, government capability to mobilize resources, and to proactively work with the 
private sector to curb GHGs and enhance climate resilience, will determine how effectively 
shocks are managed and scarring minimized.  

The key message for developing countries (and not just developing ones) is that a redoubling 
of efforts to cap global warming is critical. A number of actions spelled out below that have 
been debated for years now need to be implemented quickly and forcefully. A second message 
is that in order to marshal the resources needed to contain climate change and to prepare for 
shocks to come, developing countries must emphasize economic growth more than ever and 
boost revenue mobilization. A third message is that countries need to take full advantage of 
technologies now available and invest in R&D so as to find even more efficacious technologies. 
The fourth message for developing countries, multilateral donors, and UN agencies is that 
whatever progress has been registered so far and whatever gains have been secured, these will 
be degraded by inevitable climatic events and consequential economic implications. Therefore, 
these climate change perils should be factored into current planning and decision making. 

3. What EMDEs Must Do 

The 26th session of the COP will take place in November 2021. Expectations are running high 
with the United States playing an active role along with China. The outcome of COP 25 was 
disappointing with many agenda items left unresolved. This time around, EMDEs must work 
with high-income nations to ensure that an opportunity is not squandered. The clock is ticking 
and rapid progress during this decade is crucial. 

3.1. Mitigating Measures 
Mitigation and adaptation are the two watchwords for developing countries (Nordhaus 
2013).165 Mitigation of the release of GHGs166 calls for action calls for action on five fronts.  

The first mitigation front is a steady electrification of economies, with a rapid increase in the 
share of power that is sourced from renewables.167 Now that solar and wind power are more 
competitive, it is easier to switch from fossil fuels (particularly coal) without incurring a sizable 
cost penalty.168 Countries have made a start including coal rich ones such as India, and the IEA 
projects that 95 percent of the net increase in electricity generating capacity through 2025 will 
be from renewables. Much of this will be in the OECD countries and China.169 Greater 
participation by EMDEs is highly desirable and financial institutions can accelerate the process 
by scaling back lending for fossil-fueled generating capacity and offering better terms for the 
construction of renewable power plants.  

As UN Special Envoy for Climate Action and Finance Mark Carney (2021) notes, people are 
voting with their money and demanding that banks, pension funds, and asset managers use 
their investments to expedite the transition to net zero.170 “The stakes are high, but the 
commitment of all actors in the financial system to act [and grasp the commercial opportunity 
presented by low carbon technologies] will help avoid a climate driven ‘Minsky moment’ [that 
is] a sudden collapse in asset prices [and the bankruptcy of firms that do not adapt].”171 
Discussions by G20 representatives have highlighted the need to involve a multitude of actors 
from across the financial system including IFIs, banks, institutional investors, rating agencies, 
and stock exchanges, as well as central banks and financial regulatory authorities. Central 
banks and regulatory authorities in countries such as India, South Africa, and Indonesia have 
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already introduced roadmaps to steer lending towards renewables, as well as disclosure 
requirements and lending guidelines to promote green finance.172 The Central Banks and 
Supervisory Network for Greening the Financial System now includes 90 members up from 
just seven when it was created in 2017. Central banks are also considering whether to require 
banks to set aside more capital for loans to fossil fuel-based companies and less for those that 
utilize power from renewable sources, thereby exerting direct influence on the allocation of 
credit.173  

A variety of instruments can speed the transition to renewables in particular, the use of green 
finance from a variety of Funds, financial and insurance products, which integrate ESG into 
investment decisions– Figure 16.174 Green bonds (a fixed income asset class first issued by the 
EIB in 2007 that began maturing in 2013) and loans although still in their infancy are gaining 
traction and likely to be among the principal sources of finance for companies seeking ecological 
sustainability.175 Other instruments that play a role are feed-in tariffs, and auctions 
complemented by investment in smart transmission and distribution systems. 
 
Figure 16: Green financing 

 
Source: https://www.greengrowthknowledge.org/page/explore-green-finance.  
 
The second front of the mitigation effort is the pressure of market forces. Carbon pricing 
and emission trading platforms can bring market forces to bear on the use of fossil fuels and 
promote conservation through multiple channels including urban design and the use of 
telecommuting, more efficient use of energy, and electrification. Carbon offsets, mainly by 
companies in developed countries, could channel resources to developing countries that 
contribute to reforestation, the expansion of renewable generating capacity, and to low-carbon 
techniques of production.176 However, voluntary offsetting schemes have had a limited impact 
on emissions if any. In many instances, they have enabled companies to defer needed 
investments and actions to cut emissions. Such ‘greenwashing’ and ‘brown-spinning’177 will 
continue so long as investors do not hold companies to account.  

https://www.greengrowthknowledge.org/page/explore-green-finance
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A third front is financial and tax incentives, which are among the instruments available to 
the state. Public and private investment in R&D can quicken the pace of innovation and 
extension services can facilitate diffusion.178 Regulations and penalties on emissions exceeding 
a certain level—when backed with effective monitoring, testing, and enforcement—have their 
place alongside market mechanisms and incentives. Standards for transport and industrial 
equipment and for infrastructures, when combined with the others, can be potent medicine.179  

The fourth mitigation front is technology adoption and advancement. A number of available 
options are noted above and others are appearing daily. But adoption is not keeping pace. The 
major emitters of GHGs—transport, industries, and buildings—must be required to make use 
of the cost-effective, efficiency enhancing, and emission reducing innovations that are on offer. 
The scope for reducing pollutants and gases from some of the leading emitters is large.  

For industries such as steel and cement, decarbonization will call for major technological shifts. 
Each ton of steel results in the release of 1.25 tons of CO2 and the industry as a whole is 
responsible for about 8 percent of CO2 emissions. Steel producers are testing a variety of 
technologies including the use of hydrogen and carbon capture to cut emissions.180 Unit costs 
are still high, but progress is being made. Instead of building basic oxygen or integrated 
furnaces, greenfield plants in developing countries can use electric arc furnaces with scrap and 
green hydrogen and drastically reduce emissions.181 Cement, chemical industries, and 
producers of aluminum are some of the others needing to transition to low-emission 
technologies.  

The 2014 IPCC report presents some of the options not only for reducing CO2 but also 
emissions of nitrous oxide and refrigerants.182 To balance the voltage on the grid, fossil- (or 
nuclear) powered capacity will still be needed in order to compensate for the fluctuation in 
power from intermittent sources—until such time as adequate grid level storage systems 
become available. The penalty in terms of carbon emissions can be minimized by using gas-
powered turbines instead of coal fired ones. However, as battery storage technology improves 
and becomes more cost effective, the need for back-up gas fired generating capacity would 
diminish.183 

A fifth mitigation front is agriculture practices, of particular relevance to a subset of EMDEs. 
Agriculture accounts for a quarter of GHGs with crop production and land use responsible for 
one half of the total (Figure 17). Low-tillage, precision agriculture technology using variable 
rate application of fertilizer can substantially lower GHG emissions. These practices conserve 
carbon in the soil, are sparing in the use of inputs, and limit the release of nitrous oxide184 by 
carefully metering the application of fertilizer.185 Furthermore, deforestation for the purposes 
of pastoral farming and crop production is another major source of emissions from a few 
countries. In Brazil and Indonesia, for example, deforestation is adding millions of tons of 
carbon to the atmosphere.  
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Figure 17: Carbon emissions from agriculture 

 
Source: Ritchie (2019). 
 
Precision agriculture technology is being mainstreamed in OECD countries but making slow 
headway in developing ones. Large commercial farms have adopted some of the practices, but 
the vast majority of smaller cultivators fall far short. Public agencies, private buyers and 
suppliers, and the diffusion of digital technologies are receiving attention from farmers. 
However, more can and should be done, given the pressure that warming is already exerting 
on agriculture systems worldwide. Risk-averse, often semi-literate small farmers are reluctant 
to switch from proven techniques, are constrained by indebtedness, have limited access to 
credit and supplies of inputs, and are individually unable to invest in or utilize complex 
equipment. 

Slowing if not halting deforestation presents a tough challenge for governments eager to 
expand export-generating cultivated acreage, accommodate a growing population, and fend 
off powerful corporate interests as in Brazil.186 Pressure from the international community and 
buyers has failed to halt the retreat of the remaining tropical forests. Although governments 
could slow the process with strict regulation and enforcement, they have been either unwilling 
or powerless to do so.187  

Climate change can be controlled. The decade of the 2020s might see an intensification of efforts 
to produce National Plans (Korea, which generates 40 percent of its electricity using coal, is 
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promising bold measures188). Other actions that may ramp up are the collecting of accurate 
data on emissions and credible pledges to curtail them,189 the crafting of techniques of 
enforcement, and the trading of carbon emissions at prices high enough to produce results.190  

Carbon pricing suitably designed,191 and political opposition permitting, could begin gaining 
traction and accelerate the shift to non-fossil sources of power and to electric vehicles. The 
corporate sector is showing greater awareness of the seriousness of the shocks climate change 
will inflict and also of the opportunities, which could be tapped through decarbonization. 
Research on green technologies could benefit from an infusion of public and corporate funding. 
After due negotiation, there may be a readiness on the part of developed economies to accede 
to the demands of EMDEs for financing and technology transfers. Breakthroughs in (for 
example) power storage systems, carbon capture and sequestration, techniques of cooling, in 
the production and use of green hydrogen, and the spread of precision farming, would make 
it easier to realize the emission pledges. Although battery storage has a very small share of 
storage capacity (1 percent in the United States), as costs decline and technology advances, the 
contribution of batteries is expected to rise sharply.192  

3.2. COP 26 Objectives  
The ongoing negotiations among countries are more likely to produce a viable outcome if there 
is an international framework for cooperation. As Nick Stern (2015: 251) writes: “An 
international climate framework that can cope with the uncertainties in climate outcomes and 
impacts, and at the same time foster a shared understanding not only of the risks from failing 
to collaborate nationally and internationally, but also of the potential for dynamic learning and 
for Schumpeterian waves of discovery and innovation.” 

At the national level, success at mitigation and adaptation will hinge on government resolve 
and capabilities. But many other public and private actors have essential roles as well, 
including “the active and sustained engagement of stakeholders including national, regional, 
multilateral and international organizations, the public and private sectors, civil society and 
other relevant stakeholders, as well as effective management of knowledge”193 (see Figure 18). 

Assuming that the majority of governments in EMDEs do seek to green the recovery from the 
COVID-19 pandemic and set their sights on capping the increase in mean global temperature 
to 1.5°C, they will need to:  

• substantially improve the capability to plan, regulate and enforce first a green recovery 
and then a greening of growth and also the geography of development;  

• mobilize and efficiently allocate capital to build the low emission production capacity 
and the needed infrastructures;  

• increase their investment in the human and knowledge capital required to assimilate 
the available technologies and create new and more effective ones; and  

• use every means at their disposal to enhance the awareness of the urgent need to halt 
climate change. 

The challenge as Martin Sandbu (2021) rightly observes is gargantuan. But if countries can 
arrive at an agreement that is as effective in capping GHG emissions as the Montreal Protocol 
was in reversing ozone depletion, the “result need not feel like a revolution” because we have 
the technologies needed to make the transition to a zero net carbon emission world at relatively 
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low cost. “Unlike in a war, victory in the climate fight would amount to our day-to-day living 
going on much as it did before…. Failure could upend catastrophically the normality most 
people aspire to.” 
 

Figure 18: How to manage and control climate change 

 
Source: https://unfccc.int/topics/adaptation-and-resilience/the-big-picture/what-do-adaptation-to-climate-change-
and-climate-resilience-mean.   
 

3.3. Responding to Climate Change  
While all countries have experienced an uptick in their vulnerability to climate change and 
many have suffered from severe weather events, 10 countries have taken the greatest battering 
(Figure 19). Among the most exposed going forward are countries like Haiti, the Philippines, 
and Pakistan. The latter has endured repeated floods and droughts, water scarcity is a problem 
in some areas, and heat waves have become more frequent. It is clear that programs of action 
are required by all countries, particularly those destined to be most affected. Waiting until 
disaster strikes is never a smart policy, even if the full deleterious effects will become apparent 
a decade hence.  

Suggested actions for Pakistan can serve as a template for the range of policy measures 
required for climate change mitigation: 

1. In order to conserve water resources and efficiently utilize dwindling supplies, 
Pakistan must use pricing policies, regulatory measures, standard setting, 
technological advances, and public education campaigns to control water use and 
augment supply through desalination, recycling, and increased storage. This will also 
be critical for many countries in the Middle East. 

 

https://unfccc.int/topics/adaptation-and-resilience/the-big-picture/what-do-adaptation-to-climate-change-and-climate-resilience-mean
https://unfccc.int/topics/adaptation-and-resilience/the-big-picture/what-do-adaptation-to-climate-change-and-climate-resilience-mean
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Figure 19: Long-term climate risk index: Countries most affected by climate change 
during 2000–2019 

 
Source: Eckstein, Künzel, and Schäfer (2021).  
 

2. Define and begin a phased implementation of a managed retreat of urban habitation 
and agriculture from coastal locations and deltaic areas as sea levels rise rendering 
coastal areas virtually uninhabitable (Hasnoot et al 2021). Over time, highly exposed, 
low-lying cities in Pakistan, Bangladesh (as many as 13.3 million people would need 
to relocated from the coastal areas by 2050), and the Philippines will have to be 
abandoned as the cost of building defenses becomes prohibitive (Khan et al 2021). In 
some cases, a preemptive downsizing of cities and phased withdrawal might be a cost-
effective strategy. The frequency of severe flooding might make it necessary to 
abandon some developments in floodplains as well. 

3. Plan for the relocation of populations from inland areas as well. Heat, drought, 
desiccation, and desertification will take their toll on farming and on cities across 
Pakistan,194 Northern India, and parts of North Africa and SSA. Pastoral farming and 
cultivation might cease in some areas and urban habitation could begin to shrink 
under the press of high temperatures, water shortages and sandstorms. Populations 
may need to concentrate in the remaining parts of a country that are still habitable and 
can support agricultural activity. The GCC countries, Iran, and Pakistan are recording 
summer temperatures close to or over 50°C, soil erosion is worsening, and aridity is 
on the rise. 

4. Urbanization will increase because the land available for cultivation could shrink and 
farming will become less labor intensive. Moreover, the geography of urbanization 
could change. In some countries the change could be radical and would require a 
corresponding adjustment, building, and weather proofing of the supporting 
transport, energy, and other infrastructures. For these reasons, increasing the resilience 
of the food chains by harnessing technologies and investing in infrastructure would 
lessen the risk of shortages.  
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5. Warming will affect air quality and as noted above increase the spread of pathogens. 
Countries will need to strengthen their defenses by more stringently controlling the 
release of pollutants but also by ensuring that public health facilities are not neglected. 
The COVID-19 pandemic has served as a wake-up call by revealing the vulnerability 
of populations and the inadequacy of public health infrastructure.   

Country-specific climate action plans are an indispensable first step in responding to the 
evolving crisis (as suggested in Figure 20).  

A gradual increase in temperature and then a flattening out at 1.5°C or even 2°C might permit 
adaptation. An increase that is compressed into a decade would cause great disruption and 
suffering. Assuming that mitigation is successful, a world that is warmer and subject to 
weather extremes and rising sea levels will be forced to adapt. Small island economies are 
among the ones with the fewest options. To survive they will need to take drastic measures.  

While development assistance agencies are emphasizing the need for building resilience, 
countries themselves have been slow to respond due to understandable financing constraints. 
Worrying about tomorrow is less likely when confronted with the urgency of today’s economic 
and social problems. There is vague talk of win-win solutions and smart investments, but 
insufficient action in most countries. In the same way that a financial crisis can set back 
development prospects for a number of years, a failure of the most vulnerable countries to 
address some of the urgent priorities of climate change may ensure that their economic outlook 
will deteriorate. 

4. The Way Forward 

While the larger climate challenge is facing the global economy, it is important that countries 
take the forecasts seriously in the context of their own development circumstances. In the same 
way that the IMF looks at Debt Sustainability Analysis to gauge the likely impact of policy 
changes on countries financial capacities, development institutions need to do likewise with 
respect to climate change impacts. Forecasts and models are always suspect with respect to 
timing and severity of events. Nevertheless, advances in technology make it possible to 
somewhat mitigate some of the expected impacts. These kinds of investments require 
financing, but they also need to be preceded by policy analysis and a shared credible 
commitment to begin necessary investments early. Growth projections that do not include the 
likelihood of either catastrophic economic losses or the probability of sustained longer-term 
economic dislocations are doing all a disservice.195  

Unfortunately, country planners, already overwhelmed by economic, social, and governance 
challenges, will need to make this element central to their deliberations and planning efforts. 
As Funke and Klenert (2020) rightly observe, policy procrastination can be tragic. The main 
policy message that emerges is that the effects of climate change on economic growth prospects 
cannot be an afterthought or an annex to a report on development outlooks. It will increasingly 
need to be central to all projections, since even a more favorable global outlook will entail major 
dislocations for many countries. At the same time, the effects of climate change will create new 
challenges for those concerned with poverty reduction, inequality in the population, migration 
pressures, and societal stability.  
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Mean global temperatures have risen by 1.2°C over the preindustrial average 
and already there is mounting evidence that the environmental impact is 

accelerating. Severe weather events have become more frequent, with increas-
-

ciers, bleaching coral reefs, shrinking biodiversity, and acidifying oceans.  
-

mate change make a compelling case for swift action on several fronts, efforts to 
control greenhouse gas (GHG) emissions, to mitigate warming and to adapt to 
ongoing and impending changes in the environment, have made limited headway. 
Fortunately for the planet, public awareness of the existential threat posed by cli-
mate change has risen and has begun to sway the thinking of politicians and 

 
-

an enduring agreement. Second, the paper examines the economic implications 
of rising temperatures for EMDEs, and takes a critical look at some of the techno-

countries could pursue in conjunction with others so as to take control of the cli-

come that countries will be able to contain the costs and sustain needed rates of 
growth, while achieving carbon neutrality in a reasonable period of time.
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