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Executive summary

This edition of UNCTAD’s Trade and Environment Review examines the physical impacts of climate change
and their effects on developing country economies and trade; the vulnerabilities of developing countries to
climate change; costs and finance for climate change adaptation; and finally, ways that developing countries
can enhance their trade-climate readiness, i.e., enhance the resilience of their trade to climate change through
adaptation actions and economic diversification. Special attention is given to examining the challenges faced
by the poorest and most vulnerable developing countries, specifically the least developed countries (LDCs) and
small island developing states (SIDS).

Accumulating anthropogenic emissions of greenhouse gases, leading to higher concentrations of these gases in
the atmosphere, are causing the Earth’s climate to change. Physical impacts resulting from climate change have
already been observed in many countries, including warmer temperatures with longer and hotter warm spells,
extended periods of drought, heavy rain and wind storms, stronger tropical storms and cyclones, desertification,
sea level rise, beach erosion, saltwater infiltration of groundwater, algae bloom, and coral bleaching, among
others.

In developing countries, many of these adverse impacts are already significant, introducing new development
challenges. These challenges will grow and become more widespread in the coming years and decades as
climate change progresses and the amplitude, frequency, and duration of its adverse impacts increase.

The severity and geographical distribution of the physical impacts of climate change in future decades will depend
on past, present and future global greenhouse gas emissions. Future emissions will depend on the development
paths countries pursue going forward. Mitigating climate change requires development paths wherein future
greenhouse gas emissions are reduced substantially from current levels.

Even if all current country commitments to reduce greenhouse emissions under the aspirational UNFCCC Paris
Agreement are achieved, warming of the atmosphere will continue for several decades and only cool gradually
over the next few centuries. Ambitious mitigation actions cannot prevent climate change, but only limit the
expected level of climate damages by 2100. Society is thus already committed to a certain level of warming and
the numerous physical impacts that accompany it. As a result, adaptation is an imperative regardless of the level
of progress achieved in mitigating global emissions.

Adverse changes in the climate will have economic, environmental, and social impacts. Anticipated impacts
include land and ecosystem degradation; falling agricultural and fisheries productivity; damage to residential,
commercial, and public infrastructure; declining tourism activity in adversely affected regions; reduced worker
productivity due to higher temperatures and emerging health threats, and mass migration. And while these
impacts progressively worsen as climate change intensifies over the long term, punctual impacts from stronger
and more frequent tropical storms and cyclones can cause deeper economy-wide losses at any time.

The warming atmosphere and oceans are driving a poleward shift of climatic zones that will translate into a
progressive redistribution of benefits and losses among human populations and ecosystems across regions
and countries within them. Human, animal, and fish populations; optimal tourism sites; productive ecosystems;
and high concentrations of tropical pests and disease vectors are projected to move poleward as climatic zones
shift. Global economic and trade activity will reconfigure due to these movements, giving rise to new patterns of
comparative advantage that will in turn generate new patterns of trade. The greatest benefits will accrue to the
polar regions, and the greatest losses to tropical and subtropical regions where most of the world’s developing
countries are located.

Despite developed countries’ dominant role in contributing to the rising atmospheric greenhouse concentrations,
the burden of climate change adaptation will predominantly beset developing countries where the adverse
physical impacts of climate change will be most pronounced. The agriculture, fishing, and tourism sectors will be
the three sectors most vulnerable to adverse impacts of climate change.
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Many developing countries, and particularly LDCs and SIDS among them, will face significant challenges to
maintain production, and related employment and export levels in these sectors over the coming years and
decades. Unless developing countries enhance their trade resilience ex-ante through adaptation measures and
actions that reduce exposure and risk, they will export substantially less in climate-sensitive sectors ex-post
as climate change impacts accumulate over time. When adaptation is neither possible or cost-effective,
diversification within the sector, or economic restructuring to move resources to other less climate-sensitive
sectors, can be pursued.

Adaptation to climate change is gaining increased attention in developing countries as confidence in climate
change models grows and demonstrated international actions to mitigate greenhouse gas emissions remain
limited and insufficient to significantly alter emissions trajectories from a business-as-usual scenario.

While developing countries urgently need to advance their adaptation efforts due to their substantial and numerous
vulnerabilities, the adaptation costs they will incur are extremely high. The aggregate cost of adapting to climate
change in developing countries has recently been estimated to range between $140-300 billion annually in 2030.

Developed countries committed to jointly mobilize $100 billion per year in climate finance to address the climate
change mitigation and adaptation needs of developing countries in the form of the Green Climate Fund. However,
from such finances, only $50 billion annually would be available for adaptation, falling short of estimated needs
of $140-300 billion annually and resulting in an ‘adaptation gap’. To fill this gap, national governments and the
domestic private sector will need to finance many adaptation activities undertaken in developing countries.

Importantly, it is not only the physical impacts of climate change that will affect developing countries’ export
profiles, but also the adverse impacts on developing countries of ‘response measures’ aimed at mitigating
climate change undertaken both domestically, and by other countries. Response measures could include fossil
fuel subsidy elimination and/or the introduction of carbon taxes. Relative changes in producers’ competitiveness
and consumer demand levels will arise from the introduction of such measures in an implementing country,
affecting both its import and export levels for certain goods and services. These measures can also ‘indirectly’
affect the trade of other countries whether the latter implement similar measures or not.

Response measures with more substantial ‘direct’ cross-border impacts are expected to be implemented by
some countries. For example, some countries may introduce new product ‘climate standards’ that must be
met by imported products, or impose border taxes on imported products based on the level of CO, emissions
associated with the products’ method of production, and possibly also based on CO, emissions associated with
the transportation of products to the importing market. The latter measures are referred to as ‘border carbon
adjustments’ or ‘border carbon taxes’.

The impacts on trade resulting from carbon taxes, border carbon adjustments, and response measures cannot be
generalized. For any given configuration of measures and sets of countries implementing them, modelling studies
are required to provide an indication of the direction and magnitude of trade impacts likely to be experienced by
exporting countries on a sectoral basis.

Climate change, and response policies designed to mitigate it, will have different and complex effects on world
markets and trade affecting transportation costs, competitiveness, sectoral comparative advantages, and trade
policies. Each developing country will have a unique trade-climate resilience pathway. This edition of the Trade
and Development Review seeks to illustrate how to identify and pursue these pathways. National stakeholders
will have to assess how the physical impacts of climate change, and potential response policies, will affect
both domestic sectors, and the competitiveness and export capacity of other countries and regions that are
competitors for the products they export. Based on such assessments, and the mobilization of required finance,
national stakeholders can take steps to design and implement adaptation actions that can enhance their country’s
trade-climate resilience.
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1. INTRODUCTION

Developing countries tend to suffer disproportionately
from the damaging physical impacts of climate change
due to a wide range of factors that create a specific
set of vulnerabilities for each of them. These factors
include their low geographical latitude and larges
distances to major markets; being landlocked or
surrounded by water; and having small economies, low
levels of physical infrastructure and limited economic
diversification. As such, developing countries are
particularly vulnerable to ocean warming, sea level
rise, altered temperature and rainfall patterns, and
an increasing frequency of extreme weather events
including drought and tropical cyclones. Within the
next few decades, some may become unproductive
or uninhabitable. The magnitude and scope of
adverse impacts increases with the increasing
temperatures associated with climate change as
shown in Figure 1 where severe socioeconomic
dislocations are predicted for global temperature of
1.5°C and higher. Preparations and actions need to
be taken today to enhance countries’ security and
capacity to sustain both physical shocks, and related
social, environmental, and economic impacts caused
by climate change.

For developing countries reliant on trade for export
earnings as well as energy and food imports, climate
change will present significant economic challenges
when their exports derive from sectors that will be most
negatively affected by climate change, particularly
from the agriculture, fisheries, and tourism sectors.
By reducing the availability of factors of production
— land, labour, and capital — as well as the efficiency
with which these factors can be deployed, adverse
climate changes can substantially reduce production
and export levels. Moreover, climate change mitigation
measures adopted at the international level may have
trade-related implications for developing countries
including reductions in, and higher costs for, maritime
transport and aviation. The effects of international
response measures are thus expected to further
exacerbate challenges for developing countries with
low connectivity and high transportation costs.

Rigorous national planning to design and implement
adaptive actions to effectively respond to the physical
and economic impacts caused by climate change
can help a country to strengthen its ‘trade-climate
readiness’. Many developing countries will need
to make structural changes in their economies to
adapt their trade profiles so as to avoid or overcome
disruptions caused by climate change. To date,

Figure 1. Some of the major environmental, social and economic impacts of climate change as a function of global

temperature increase above pre-industrial levels

Source: Global Commission on Adaptation and World Resources Institute (GCA/WRI, 2019).
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however, most adaptation efforts in developing
countries have concentrated on building structural
and physical infrastructure with relatively little attention
given to adaptation in their economic and trade
strategies.

At the same time, accurate forecasting of the impacts
of climate change on trade over the next three decades
remains complicated because of uncertainties in both

Box 1. Developing countries, LDCs and SIDS

global emissions trajectories and climate feedback
mechanisms; the latter can exacerbate adverse
impacts beyond levels predicted by climate models.
How other countries’ climate change response
measures may evolve and how they will affect trade
and opportunities for sustained economic growth are
also a matter of conjecture. For these reasons, the
physical and economic impacts of climate change may
be greater than predicted by current IPCC models.

The map below presents the main UNCTAD country classifications showing both developing countries and
LDCs (UNCTAD, 2020a). Most SIDS, which have very small geographical areas, are not large enough to

be depicted on the map.

Since 1971, the United Nations has recognised LDCs as a category of States that are deemed highly
disadvantaged in their development process, for structural, historical, and also geographical reasons
(UNCTAD, 2020b). More than other countries, LDCs face the risk of deeper poverty and remaining in
a situation of underdevelopment. Over 75 per cent of the LDCs’ population still live in poverty. These
countries are also characterised by their vulnerability to external economic shocks, natural and man-made
disasters, and communicable diseases. Currently, the 47 LDCs comprise around 830 million people, 12
per cent of the world population, which face severe structural impediments to growth. At the same time,
however, LDCs account for only about 2 per cent of world GDP and 1 per cent of world trade.

SIDS represent a group of countries around the world that share a common set of characteristics and
vulnerabilities. All share geographic remoteness and low connectivity. Some of them are also LDCs, and
their income levels are relatively heterogenous, but they generally hover between lower and upper-middle
income groups. SIDS are located in the Caribbean, Pacific, and Africa-Indian Ocean regions. They share
a common set of unique challenges, which include the fact that their slow and volatile economic growth
performance is directly influenced by global economic shocks and natural disasters.

. Developing economies
. Transition economies
Developed economies

/% Least developed countries (LDCs)
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Developing countries can implement national,
country-based processes to estimate the impacts of
climate change on trade flows in key export sectors
in the short, medium, and long term. Based on
projected impacts, national stakeholders can design
policies, actions, and infrastructure responses to
enhance both trade and economic resilience in the
coming decades. Such processes can also enhance
countries’ capacities to promote national interests in
climate- and trade-related negotiations, and to design
and implement Nationally Determined Commitments
(NDCs) and National Adaptation Plans (NAPs) under
the United Nations Framework Convention on Climate
Change (UNFCCC) that are consistent with trade
resilience objectives.

This edition of UNCTAD’s Trade and Environment
Review examines the physical impacts of climate
change and their effects on developing country
economies and trade; the vulnerabilities of developing
countries to climate change; costs and finance for
climate change adaptation; and finally, ways that
developing countries can enhance their trade-climate
readiness, i.e., enhance the resilience of their trade
to climate change through adaptation actions and
economic diversification. Special attention is given to
examining the challenges faced by the poorest and
most vulnerable developing countries, specifically
the least developed countries (LDCs) and small
island developing states (SIDS). References made to
developing countries as a group, and to LDCs and
SIDS, refer to the UNCTAD classification for these
country groups (see Box 1).
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2. THE PHYSICAL IMPACTS
OF CLIMATE CHANGE AND
THEIR EFFECT ON THE
ECONOMY

2.1. Introduction

In its Fifth Assessment Report (AR5) the
Intergovernmental Panel on Climate Change (IPCC)
confirms that accumulating anthropogenic emissions
of greenhouse gases, leading to higher concentrations
of these gases in the atmosphere, are causing the
Earth’s climate to change (Stocker et al.,, 2013).
Physical impacts resulting from climate change have
been observed in developing countries including
warmer temperatures with longer and hotter warm
spells, extended periods of drought, heavy rain and
wind storms, stronger tropical storms and cyclones,
desertification, sea level rise, beach erosion, saltwater
infiltration of groundwater, algae bloom, and coral
bleaching, among others.

In developing countries, many of these adverse
impacts are already significant,

introducing new

development challenges. These challenges will grow
and become more widespread in the coming years
and decades as climate change progresses and the
amplitude, frequency, and duration of its adverse
impacts increase.

Adverse changes in the climate will have economic,
environmental, and social impacts. Anticipated
impacts include land and ecosystem degradation;
falling agricultural and fisheries productivity; damage
to residential, commercial, and public infrastructure;
declining tourism activity in adversely affected
areas; reduced worker productivity due to higher
temperatures and emerging health threats, and mass
migration. And while these impacts progressively
worsen as climate change intensifies over the long
term, punctual impacts from stronger and more
frequent tropical storms and cyclones can cause
deeper economy-wide losses at any time.

This chapter describes the physical impacts of climate
change and how they affect developing countries.
Impacts already experienced, as well as future
impacts projected by climate modeling, are presented.
Adaptations that can be used to minimize the impact
of climate change impacts on national economies and
trade are illustrated.

Figure 2. IPCC GHG emission scenarios for the four different RCPs

CO; emissions
200 . .

100

(GLCO,Ay)

— Historical ~ WGIII scenarios categorized by 2100
emissions  CO,-eq concentration (ppm), 5 to 95%
; >1000
RCP scenarios 720-1000
— RCP8.5
580-720

— RCP6.0
— RCPAS e
— RCP26 0 480-530

’ 430-480

I Full range of the WGIII ARS
scenario database in 2100

Note: The lines show CO, emission trajectories and the shaded areas show the range of uncertainty in the
overall GHG emissions arising from atmospheric interactions with the ocean and biosphere.

Source: IPCC (Stocker, Qin, G.-K. Plattner, et al., 2014).
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2.2. How climate change may evolve in
the 21st century

The physical and biological mechanisms driving
anthropogenic climate change are now well established
and the phenomenon has been incontrovertibly

confirmed through global observations (Stocker, Qin,
G.-K. Plattner, et al., 2014). As GHG concentrations'
in the atmosphere rise, an increasing proportion of
thermal energy generated at the Earth’s surface is
retained in the atmosphere, causing, on average,

Figure 3. Increases in globally averaged (a) surface temperature and (b) sea level projected by the IPCC RCPs

Global average surface temperature change
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Note: Increases shown are relative to the 1986-2005 period. Shaded areas show the range of predicted
values among the CIMP5® models used by the IPCC to calculate the average trendlines (solid red and
blue lines), and the numbers adjacent to the trajectories indicate the number of models included in the

presented projections.
Source: IPCC (Stocker, Qin, G.-K. Plattner, et al., 2014).
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global land and sea surface temperatures to rise, and
the energy available to drive global atmospheric and
oceanic circulation systems to increase.

Global circulation models (GCMs) of the Earth’s
climate system demonstrate that GHG emissions from
anthropogenic sources are directly associated with
observed changes in the Earth’s climate. GCMs reveal
that the impacts of climate change vary spatially; their
intensity varies from one region to another, depending
onarange of factors including alocation’s geographical
latitude, its proximity to large land masses and ocean
bodies, and its topography. A number of physical and
biological feedback mechanisms also affect the scope
and magnitude of impacts experienced at different
locations. A full discussion of the scientific basis of
climate change is available in IPCC AR5.2

The severity and geographical distribution of the
physical impacts of climate change in future decades
will depend on past, present, and future global GHG
emissions. Future emissions will depend on the
development paths countries pursue going forward.

Mitigating climate change requires development
paths wherein future GHG emissions are reduced
substantially from current levels. Factors affecting
emissions including population size, economic activity,
lifestyle, energy use, land use patterns, technology,
and climate policy, will evolve differently along varied
development paths.

To estimate future emissions so that future climate
change impacts can be projected, the IPCC uses a set
of Representative Concentration Pathways (RCPs).
Each RCP represents an emissions scenario leading to
a different atmospheric GHG concentration by 2100,
and each is constructed for a different development
path; for various levels of emissions reductions until
2100 ranging from sharp reductions to business-as-
usual (no reduction effort).*

The IPCC RCP scenarios include a stringent
greenhouse gas emissions mitigation scenario
(RCP2.6), two intermediate scenarios (RCP4.5 and
RCP6.0) and one baseline scenario, i.e., business-
as-usual development path with high GHG emissions

Box 2. Even if global GHG emissions cease from today onwards, climate change is here to stay

As a result of the significant lifetimes of major anthropogenic greenhouse gases, the increased atmospheric
concentration due to past emissions will persist long after emissions are ceased (Solomon et al., 2009). For
this reason, warming of the Earth’s atmosphere and oceans will continue for several centuries even if the

world ceases all GHG emissions today.

CO, and other GHGs have a long lifetime in the atmosphere. CO, emitted into the atmosphere can only
be naturally removed through its absorption by vegetation and by the ocean (Collins et al., 2013). Taken
together these processes can only absorb about 50 per cent of anthropogenic emissions with the result
that about half of the CO, entering the atmosphere will continue to reside there for 100 years or more
and thus accumulating in the atmosphere with time. Accumulated historical emissions are responsible
for the present warming of the Earth’s air, land, and oceans. And present emissions add to already raised
concentrations of GHGs in the atmosphere causing continued warming in the future.

Furthermore, the rate of warming is now expected to accelerate faster than recent GCM model projections
due to climate feedback processes not previously accounted for in modelling efforts. Feedback processes
that will accelerate terrestrial warming include: increased heat retention in the atmosphere caused by rapid
melting of polar ice sheets which reduces the Earth’s surface albedo; release of methane from thawing
permafrost in the warming arctic region; and reductions in the absorption of CO, by oceans as sea surface

temperatures rise.

Due to these physical processes, even if all current country commitments under the aspirational UNFCCC
Paris Agreement are achieved, warming of the atmosphere will continue for several decades and only cool
gradually over the next few centuries. Modelling studies indicate that ambitious mitigation actions cannot
prevent climate change but only limit the expected level of climate damages by 2100 (OECD, 2015). Society
is thus already committed to a certain level of warming and the numerous physical impacts that accompany
it. As a result, adaptation is an imperative regardless of the level of progress achieved in mitigating global

emissions.
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Figure 4. (a) Projected atmospheric CO, concentrations and (b) projected global mean surface temperature

increase for the RCPs
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Source: IPCC (Stocker, Qin, G.-K. Plattner, et al., 2014).

(RCP8.5). RCP8.5 assumes continued high population
and relatively slow income growth with modest
rates of technological change and energy intensity
improvements, leading in the long term to high energy
demand and GHG emissions in absence of climate
change policies (Riahi et al., 2011). Scenarios without
additional global efforts to constrain emissions lead
to pathways ranging between RCP6.0 and RCP8.5
(Figure 2). RCP2.6 is representative of a UNFCCC
‘Paris Agreement’ scenario that aims to keep the
average level of global warming less than 2°C (and
potentially no more than 1.5°C) above average pre-
industrial temperatures.

2.3. Global temperature and sea level
changes

Globally averaged surface temperatures and sea level
will both monotonically increase in the coming decades
due to climate change. The degree of increase in
temperature depends on the volume of accumulated

GHG emissions present in the atmosphere which
can be projected for each of the RCP development
path scenarios assumed in the IPCC GCMs. Sea level
rises due to the addition of water to the ocean from
melting ice above the ocean surface (from polar ice
sheets and ice shelves, and from glaciers throughout
the world) and thermal expansion of ocean waters
as its temperature increases. Figure 3 summarizes
future temperature and sea level increases relative to
the 1986-2005 period through 2100 for the different
RCPs. It shows that globally averaged surface
temperatures will rise by up to 5.5° C and sea level
by up to 1 metre by 2100 for RCP 8.5. The lowest
possible increases of average surface temperature
and sea level would occur under scenario RCP 2.6;
approximately 1.5° C and 0.4 metres respectively.

In the context of the presently experienced, and future
warming, caused by climate change, it is important to
recognise that continual warming will persist for several
centuries regardless of the development path pursued
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due to the long lifetime of GHGs in the atmosphere.
Even if society stops emitting CO, and other GHGs
entirely today, warming of the atmosphere would
continue for several decades and only cool gradually
over the next few centuries (see Box 2).

For the each of the RCP scenarios, Figure 4 shows
the long-term trends in CO, concentration levels and
the corresponding trends in global average surface
temperature to the year 3000. Each RCP models
indicate that increased global temperatures will
persist for several centuries and thus adaptations
implemented in the coming years and decades will
need to be maintained over the long term. Only in
the case of the RCP 2.6 development pathway (Paris
Agreement reductions met) will the global average
surface temperature stabilize at about 1.5°C and

decline slightly over the long term (Figure 4b lower
violet coloured curve).

2.4. Other environmental changes
caused by climate change

GCMs not only project future changes in atmospheric
temperature and sea level, but depending on the
specificity of the model, they also project future
average changes in parameters such as cloud cover,
storm frequency, monthly precipitation, prevailing
wind speed, ocean surface temperature, ocean CO,
concentration and acidity, glacial land cover and polar
ice sheet extent, among other parameters. Moreover,
because GCMs are longitudinally and latitudinally
‘gridded’ about the Earth’s surface, in addition to
globally averaged data, they also provide detailed

Figure 5. Change in average annual surface temperature (a) and change in average annual precipitation
(b) based on multi-model mean projections for 2081-2100 relative to 1986—-2005

under the RCP2.6 (left) and RCP8.5 (right) scenarios

RCP2.6

RCP8.5

(a) Change in average surface temperature (1986-2005 to 2081-2100)

(b) Change in average precipitation (1986-2005 to 2081-2100)

(%)
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Note: The number of models used to calculate the multi-model mean is indicated in the upper right corner of

each panel.

Source: IPCC (Stocker, Qin, G.-K. Plattner, et al., 2014).
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estimates of how these various parameters will
change on sub-national, national, and regional scales.
For example, Figure 5 shows the regional distribution
of projected changes in surface temperature and
precipitation for the lower and upper bound RCPs,
i.e., RCP 2.6 and RCP 8.5.

Figure 5 indicates that surface temperature and
precipitation changes vary considerably from their
global averages for different geographical regions,
thus highlighting that the physical impacts of climate
change will affect some regions and countries more
than others.

Climate change will expand the boundaries of the
Earth’s current climatic zones towards the Earth’s
poles (see Figure 6). As aresult, countries in the tropical
and subtropical zones, predominantly developing
countries, will be most affected by rising temperatures
and precipitation changes that negatively impact on
their current agricultural and economic activities. On
the other hand, countries in the temperate zone near
the subtropical boundary, predominantly developed
countries, will see climatic conditions become warmer

and generally drier at lower latitudes and more
humid at higher latitudes. Moreover, temperate zone
boundaries with the polar zone will expand poleward
potentially improving climatic conditions for human
activities in these regions. There will, however, be
other climatic changes in addition to temperature
increases that complicate these generalizations. Such
changes, which include increases in storm intensity
and frequency, extended heatwaves and drought,
stronger wind regimes, rising sea level, increased
coastal erosion, warming ocean surface waters, and
increased ocean acidification, among others, are
expected to adversely affect all countries regardless of
their geographic latitude.

There is now strong evidence indicating that the
warming atmosphere and oceans are driving a
poleward shift of climatic zones that will translate into
a progressive redistribution of benefits and losses
among human populations and ecosystems across
regions and countries within them (Weatherdon et
al. 2018, AR5 2015, Barange et al. 2014). Human,
animal, and fish populations; tourism sites; productive

Figure 6. The Earth’s climatic zones (pre-climate change)

Note: Arrows indicate the progressive poleward movement of zone boundaries over time as the atmosphere
and oceans warm. A potentially large subset of human, animal and fish populations will migrate poleward

as the atmosphere and oceans warm.
Source: Adapted from Rubel and Kottek, 2010.
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ecosystems; and high concentrations of tropical pests
and disease vectors are projected to move poleward
as climatic zones shift. Global economic and trade
activity will reconfigure due to these movements,
giving rise to new patterns of comparative advantage
that will in turn generate new patterns of trade (Gouel
and Labourde, 2019). The greatest benefits will accrue
to the polar regions and the greatest losses to tropical
and subtropical regions (Weatherdon et al. 2018).

Geographically detailed, country-specific projections
of climate parameters, including temperature and
precipitation among others, can be generated by
GCMs using high spatial resolution grids. Such
GCMs and related models — whose results are largely
available in the public domain — can be used by national
producers and policymakers to assess how changes
in climate parameters may impact the productivity

of different economic sectors — notably agriculture,
fisheries, infrastructure, transport, tourism — and the
viability of freshwater resources, ecosystems, and
human settlements. Nationally and regionally specific
strategies to cope with, and offset, these impacts can
be implemented to enhance trade-climate resilience in
affected sectors. Box 3 focuses on projected climatic
shifts for a particular region, the Mediterranean,
showing how temperature and precipitation changes,
as well as other climate change impacts, may evolve
by 2050 in Mediterranean countries. It summarizes
some of the regional impacts of climate change that
national and regional adaptation strategies will need to
address going forward.

High resolution GCM data can be used to project
changes in climate parameters at the national level.
The example of Jamaica is presented in Figure 7. As

Box 3. Climate change impacts in the Mediterranean region

The Intergovernmental Panel on Climate Change identifies the Mediterranean as one of the most sensitive
regions in the world to climate change. Meteorological records clearly show that both developed and
developing countries in the Mediterranean region have become warmer and drier over the past 50 years.
IPCC climate models project that this warming and drying will continue and quicken in pace during the
coming decades. Extremely high temperatures taking place in extended heat waves will continue to
occur during the summer months. Dry spells and drought will increase in intensity and duration. As the
accompanying maps show, by 2050, annual average temperatures are projected to be 2°C to 3°C higher
than in 2020, and annual rainfall to fall by 10 to 40 per cent.

Changes in temperature and precipitation 2010-2020 and 2050-2070 under RCP 8.5

2151050051152 3 4 57 911

-50 -40 20 -20-10 O 10 20 30 40 50

But even more damaging than these changes in annual average temperature and precipitation are extreme
meteorological events resulting from climate change. These include heavy rainfall events leading to flash
floods, strong winds and associated large tidal swells and storm surges causing coastal flooding, and
concomitant heat waves and droughts leading to more frequent and extended forest fires. During extreme
weather events, rising sea level, tide and storm surge will combine to raise the Mediterranean seas high
enough to cause coastal flooding. Sea level rise of up to 25 cm by 2050, accelerating at increasing rate
afterwards, is also expected to significantly impact the region in low lying coastal zones during the current

century.

Sources: EEA, 2017; Galassi and Spada, 2014. Maps generated using Royal Netherlands Meteorological

Institute Climate Explorer: http://climexp.knmi.nl/.
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Figure 7. Projected changes in 2080 of temperature and precipitation relative to 1986-2005 averages in Jamaica under

the RCP 2.6 and RCP 8.5 scenarios

Temperature change by 2080 (RCP 2.6)

o
Source: Rhiney et al., 2018.

expected, it reveals that temperature and precipitation
anomalies from a 1986-2005 baseline are much higher
for RCP 8.5 than for RCP 2.6. Research indicates that
in Jamaica and the wider Caribbean region, climate
(especially in terms of temperature and rainfall) could
have significant adverse effects on the agricultural
sector, including a general reduction in food production
and the displacement of the livelihoods of smallholder
farmers (Rhiney et al., 2018).

Country maps that enumerate and quantify the
physical impacts of climate change are an essential
for ingredient for building national adaptation plans to
enhance trade-climate readiness. For some countries,
such maps are available in the published literature and
for others they can be readily generated from data in
the public domain. Moreover, various data visualization
tools are available to generate high resolution national
maps of projected changes in climate parameters
under the RCP scenarios (Dee et al., 2014).

2.5. Climate change impacts on
developing country economies and
trade

2.5.1. Agriculture and forestry

Seasonal temperature ranges and rainfall patterns are
determinants governing the suitability and productivity
of agricultural crops and livestock for any given location

Rainfall change by 2080 (RCP 2.6)

Rainfall change by 2080 (RCP 8.5)

change (mm) - -

- High : 500

Low : -500

(Shukla et al., 2020). Crops cultivated, and livestock
raised, in developing countries are predominantly
species that are well adapted to the local climate, soll,
and symbiotic interactions with other native species.
However, even small changes in ambient conditions
can negatively influence the viability and productivity of
livestock and crops. Global agricultural production is
thus anticipated to suffer major yield losses throughout
the course of this century as the climatic conditions
become progressively warmer and precipitation
patterns change (Elbehri, 2015; Lobell et al., 2011).

In most developing countries, as the climate
warms, agricultural production will place increasing
demands on already limited local water supply
for irrigation. Livestock production is expected to
decline, particularly in Africa (Box 4), due to higher
temperatures, increased drought, reduced grassland
productivity, and diminished animal health. Extended
dry spells and drought, accompanied by higher winds,
will raise the risk, frequency, and extent of forest fires.

Some of the physical impacts of climate change
that will negatively impact ambient conditions for the
cultivation of crops, raising livestock, and agroforestry
include:

e increase in seasonal temperatures.

e increase of diurnal temperature maxima and

temperature range.
¢ increased duration of heatwaves and periods of drought.
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e increase of daily sunlight exposure.

e increase in aridity and evapotranspiration rates of
plants, soils, and bodies of water.

e increase in frequency and severity of forest fires due
to extreme heat, drought, and higher winds.

e increased salinisation of groundwater in coastal
regions due to seawater infiltration leading to water
scarcity.

e reduction of groundwater levels.

e decrease in length of growing and grazing seasons

e decrease in grassland productivity affecting
livestock grazing.

e decrease in humidity ranges and river flow.

e decrease in soil moisture and fertility.

e change in precipitation intensity and frequency.

e change in prevalent wind patterns.

e increase in extreme weather events.

e change in predator and prey relationships,
introduction of invasive species from warmer
regions.

These impacts can have substantial effects not
only on production levels of primary agricultural
and agroforestry commodities, but on the wider
economy as well. In national economies with
strong downstream linkages, reductions in primary
agriculture and agroforestry production can trickle
down and affect productivity in downstream sectors
— such as food processing as well as leather and
furniture manufacturing — by reducing the availability
and increasing the prices of primary inputs (Ouraich
and Tyner, 2014).

In addition, while productivity losses may be
experienced for traditional agricultural and agroforestry
commodities in developing countries, climate change
is expected to improve agricultural productivity in
developed countries in temperate and polar zones for
agricultural products typically produced in developing
countries (FAO, 2018). In this way climate change
can lead to changes in comparative advantage in
international production and trade by introducing new
developed country producers into a market that was
previously limited to developing country producers
before significant climate changes had occurred.
Competitiveness effects will also occur, inter-alia,
among developing countries. For example, SIDS may
be exposed to more frequent and destructive tropical
cyclones, and low-lying countries will not be able to
relocate production activities to higher altitude locations
where temperatures would be cooler and hazards
associated with sea level rise would be reduced.

To support national adaptation activities, country
level projections on how quickly these impacts will
occur, and how significant they will be, are needed
as inputs to decision making by sectoral producers
and policymakers. Partial to full resilience of exports to
climate change can then be achieved when adaptation
of agricultural production methods are implemented
(Shukla et al., 2020), for example by:

e shifting cultivation and grazing activities to cooler
winter months.

e switching cultivation to better adapted agricultural
crops / species.

e relocating traditional crop cultivation  zones,
including to higher altitudes.

e introduction of new livestock species / breeds; and
relocation of grazing zones, including to higher
altitudes.

e increasing value added in commodities-based
exports.

e developing more efficient irrigation systems.

® improving water resource management.

e maintaining crop residues on topsoil to enhance
rainwater infiltration and reduce evaporation.

e climinating trade measures and barriers such as
agricultural subsidies, tariff escalation and simplifying
rules of origin requirements in export markets that
work against increasing economic diversification
of production, and exports of higher value-added
processed agricultural products by developing
countries severely affected by climate change.

It may also be important to diversify out of severely
affected sectorsinto other sectors that are less sensitive
to climate change, including the manufacturing and
services sectors. This will be critical for ensuring
employment and future development prospects of
affected regions.

2.5.2. Fisheries

The ocean plays a dominant role in regulating climate
change (Reid and Hill, 2016; Li et al., 2020). Ninety-
three per cent of the additional heat generated by
anthropogenic GHGs is absorbed by the world’s
oceans; 6 per cent by melting ice and glaciers; and
only 1 per cent by the atmosphere. In addition to
absorbing heat, the ocean absorbs about 25 per
cent of anthropogenic CO, emissions. Heat and CO,
absorption results in significant changes in the oceans
physical characteristics, including, sea level rise due
to thermal expansion, higher temperatures, vertical
stratification of ocean waters, deoxygenation, changes
in salinity and evaporation rates, and increased acidity.




TRADE-CLIMATE READINESS FOR DEVELOPING COUNTRIES

Box 4. Reductions in agricultural yields in Africa due to climate change

As the mainstay of Africa’s economy, agriculture accounts for the majority of livelihoods across the continent.
Africa is therefore a vulnerability ‘hot spot’ for the impacts of climate variability and change. Increasing
temperatures and changing precipitation patterns in the coming decades will present significant adaptation
challenges to African farmers. Key risks to agriculture include reduced crop productivity associated with
heat and drought stress and increased pest damage, disease damage and flood impacts on food system
infrastructure, resulting in serious adverse effects on food security across the continent. Under the business-
as-usual RCP 8.5 scenario, major cereal crops grown across Africa will be adversely impacted. Yields are
projected to decline for crop varieties but at different rates (see adjacent figure). The overall mean reduction
in yield is projected to be 13 per cent in West and Central Africa, 11 per cent in North Africa, and 8 per cent

in East and Southern Africa.

Source: WMO, 2020.

Inter-alia, these changes can influence large-scale
ocean currents and atmospheric circulation patterns.

Taken together, the confluence of these changes in

ocean characteristics has substantial implications

for marine life as climate change progresses. The

IPCC (Bindoff et al., 2019) and FAO (Barange et al.,

2018) have projected the following impacts of climate

change on marine life:

e reduced nutrient availability for fish populations
due to reductions in primary production caused by
ocean acidification.

e reduced vertical upward flow of nutrients
and downward flow of oxygen due to vertical
stratification of ocean water layers caused by a
stable warmer surface layer.

® permanent or seasonal migration of fish species to
cooler, more nutrient rich waters at higher latitudes
and in deeper waters.

e reductions in polar sea ice will provide new fisheries
grounds for migrant fish populations.

e in most regions, ocean acidification will result in
reduced production of phytoplankton, zooplankton
and crustaceous organisms at the bottom of
the marine food chain (lower trophic levels), thus
reducing nutrient availability for marine life at the top
of the marine food chain (higher trophic levels).

e net nutrient productivity will increase at high
latitudes.

e ocean acidification will continue to cause coral
bleaching, reducing the productivity of natural
fisheries nurseries.

e as surface level ocean temperatures become
warmer and nutrient distributions shift, changes in
catch levels will occur..

As these impacts progress, climate change will
adversely affect the viability of the fisheries industry
(Weatherdon et al., 2016):

e fisheries port infrastructure will be degraded by
rising sea levels and increased storm activity, and
associated coastline erosion.

e for fishing in the tropical zone, fishers’ yields will
decline due to out-migration of traditional species

e the incursion of novel invasive predatory and
pathogenic species may further reduce available
catch populations of traditional species.

e warmer coastal waters will lead to increased
growth of seaweed and sargassum causing local
outmigration of coastal fish populations, obscuring
the conduct of artisanal fishing activities and
hindering coastal tourism.

® in some regions, freshwater species will be
negatively affected by increased water temperatures
and reduced precipitation.

e increased saltwater incursion and infiltration into
coastal zones, deltas, and estuaries due to sea level
rise will negatively impact aquaculture production.

® in many countries, higher ambient temperatures,
increased evaporation and reduced precipitation will
raise costs and reduce productivity of aquaculture,
while stressing local water supply.

While the climate change impacts affecting oceans —and

in turn, fish populations and distributions — cannot be

reversed, possible adaptations (Shelton, 2014) that can

be implemented to sustain the fisheries sector include:

e shifting fishing seasons to adjust for temporal
changes in fish population levels.

e shifting fishing areas to enhance yields as fish
distributions change.
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shifting targeted fish to more abundant and or novel
species suitable for human consumption.

investing in increased boat sizes for artisanal fishers
to allow access to more distant fishery grounds
or by reserving certain marine zones for artisanal
fishers.

investing in fishing technologies that allow artisanal
fishers to locate and track movements of fish
schools.

providing fishers in  declining-yield fisheries
with training and employment opportunities in
aquaculture and value-added fisheries activities.
encouraging fishers to diversify their employment

profile by including part-time work in other less
climate-sensitive sectors.

investing in storm-resistant harbours, landings and
storage facilities to prevent loss or damage from
storms and extreme weather and sea surge events.
investing in protective infrastructure such as
seawalls, flood reservoirs, and the reforestation of
mangrove areas.

eliminating trade measures and barriers such as
fishing subsidies, tariff escalation, and simplifying
rules of origin requirements in export markets that
work against increasing economic diversification
of production and exports of higher value-added

Box 5. Adapting coastal fisheries to climate change

There are many international technical assistance projects, both completed and underway, that support
local fishing communities in developing countries to enhance the resilience of their fishing activities to
climate change. A few examples include:

Mozambique
In Mozambique’s coastal zone, a $14 million project supported by the Global Environment Facility and

implemented by UNDP provided financing for local communities to transition to climate-resilient higher
income livelihoods (UNDP, 2017). Support was provided to assist fishers transition to alternative livelihoods
in upstream fisheries services and downstream value-added industries. The project also provided training in
practices that are viable in high climate variability scenarios to help ensure climate resilient food production.

Eastern Caribbean Countries

To increase resilience and reduce vulnerability to climate change impacts in the eastern Caribbean fisheries
sector, a $43 million project supported by the Global Environment Facility and implemented by the FAO
helped local fishers develop and implement adaptation measures in fisheries management in Antigua and
Barbuda, Dominica, Grenada, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, and
Trinidad and Tobago (FAO, 2014). Fisher communities gained Increased awareness and understanding of
climate change impacts and vulnerability, and developed effective climate change adaptation in the fisheries
and aquaculture sectors to enhance resilience to future climate change impacts.

Chile

Reducing vulnerability and increasing national adaptive capacity to climate change in in the fisheries and
aquaculture sector is an important national development objective in Chile. Through a GEF funded project
on Strengthening the Adaptive Capacity to Climate Change in the Fisheries and Aquaculture Sector, public
and private stakeholders continue to strengthen institutional capacities for climate change resilience by
enhancing the adaptive capacity to climate change of local fisheries and aquaculture, and by raising
knowledge and awareness of climate change within Chile’s fisheries and aquaculture communities (GEF,
2020).

Pacific Island Countries

Under the GEF funded Pacific Island Adaptation project, the Federated States of Micronesia, Samoa and
Vanuatu developed coastal management capacity to increase their resilience to current and future impacts
of climate change. In each country, vulnerability assessments, and the identification and evaluation of
adaptation options was undertaken by national stakeholders to develop adaptation response strategies,
policies and measures (UNDP, 2020).
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processed fish products by developing countries
severely affected by climate change.

Numerous international technical assistance projects
assist local fishing communities in developing
countries to plan and implement many of these
adaptation measures (see Box 5).

2.5.3. Coastal tourism and related
infrastructure

Coastal tourism, which comprises a major share

of global tourism activity, is expected to suffer

considerably from the physical impacts of climate

change in the coming decades (Layne, 2017;

Weatherdon et al., 2016; Grimm et al., 2018; van

Lieshout et al., 2004). Adverse impacts affecting

coastal tourism activities include:

e higher temperatures in already warm seaside
destinations.

e warming oceans, and ocean acidification damage
to near-shore coral reefs which reduces protection
against coastal storm and tidal surges.

e sea level rise and beach erosion that damage
tourism infrastructure including beachside resorts
and hotels, seaports, airports, roads, and both
electricity and water networks.

e water shortages for the industry due to saltwater
intrusion of fresh groundwater resources.

e increasing frequency of abrupt extreme weather
events associated with tropical storms and
cyclones.

e stronger tides and flooding associated with tropical
storms and sea level rise.

e seaweed and sargassum blooms which can render
swimming and boating untenable in beach resorts

e reductions in marine biodiversity that reduce natural
attractions offerings in tropical destinations.

e arrival and proliferation of invasive species such
as jellyfish and sea snakes that negatively impact
beach tourism.

e proliferation of dangerous pathogens and diseases
such as malaria as temperatures warm and
precipitation patterns change.

e increased competition for freshwater supply with the
agriculture sector in countries where precipitation
decreases.

e increased competition as climate changes support
the development of new tourism destinations in
poleward countries that become more attractive to
tourists.

These impacts are expected to change global tourism

patterns and flows, reshuffling the economic benefits
of tourism among countries as climate change
progresses. In addition, because developing country
tourism infrastructure is financed mainly by foreign
direct investment, the high costs of climate proofing
infrastructure and increased risks of extreme weather
and flooding, alongside the declining attractiveness of
current tourism hotpots relative to new destinations,
may lead many tourism investors to redirect their
financial flows to other locations. The spread of
tropical diseases, particularly malaria, will also impact
on the attractiveness of destinations. Climate change
will also give rise to the increased spread of malaria
since the parasite is more vigorous in hot weather and
mosquitoes thrive in hotter and wetter conditions that
are expected in tropical and some subtropical regions
(van Lieshout et al., 2004).

Adapting coastal tourism to climate change will require
substantial investments in risk reduction infrastructure
to ensure the adverse physical impacts of climate
change do not significantly disrupt tourism activity
going forward. Sea level rise represents a substantial
threat to all developing countries with coastal tourism
activities, and particularly for SIDS (Box 6).

Investment will be needed to relocate many existing
coastal tourism facilities inland and to higher altitudes
where possible. Housing and settlements for the local
population working in the industry may also need to
be relocated. Investment in seawalls will be needed
to protect facilities and infrastructure that cannot be
relocated. Water and electricity networks, as well as
roads, airports, seaports, and other transportation
infrastructure will also need to be climate proofed at
considerable cost to local and national governments.
Long-term development plans for new tourism
attractions and infrastructure in other regions of affected
countries which are at low risk of being negatively
affected by climate change should also be considered.
These new destinations could be centred on ecotourism,
agrotourism, and cultural tourism themes.

2.6. Ultrascale visualization and
assessment of climate change
impacts

Global and regional projections of the future impacts
of climate change provide general information
needed to raise awareness of how the climate will
change going forward, and to inform public opinion
on the need to take actions to mitigate and adapt




TRADE AND ENVIRONMENT REVIEW 2021

Box 6. Sea level rise in the SIDS countries

Small island developing states (SIDS) as a group are recognised as being among the most vulnerable to
global climate change (Nurse et al., 2014). SIDS possess varying segments of low-lying coastline that
are exposed to sea level rise caused by climate change (Oppenheimer et al., 2019). Low-lying sandy
shorelines and river deltas are particularly prone to sea level rise and growing storm surges that will arise
from climate change. Both can cause beach erosion, inundation and flooding that damages natural tourism
assets, collocated infrastructure, and coastal ecosystems. Damages could affect roads, seaports, airports,
electricity and water networks, human settlements, and coastal resorts.

Climate change warming over the past century has already resulted in an annual rise in sea level of 1-3 mm/year
in the Caribbean region (Cashman et al., 2010), and as climate change intensifies this rate continues to increase.
Observations from 1993-2017 indicate a rise in sea level of 3-6 mm/year for the Pacific islands (Aucan, 2018).
There are, however, notable differences between islands with some experiencing higher rates of sea level rise,
reaching 7 mm/year for Solomon Islands and 12 mm/year in the Federated States of Micronesia (SPREP, 2016).

Under a business-as-usual RCP 8.5 scenario, the global average sea level rise is expected to climb at a
rate of up to 16 mm/year and reach a total increase of 1 metre above current levels by 2100. However,
sea level rise is not uniform; it varies latitudinally in response to geophysical and gravitational effects. For
example, some models predict that as the gravitational field of polar ice caps diminishes when they melt,
it will enhance the effect of the Earth’s rotation to push water to the equator causing sea level rise in the
tropical zone to be higher than the global average (Church et al., 2013).

The projected impacts of future sea level rise on SIDS economies are substantial. Almost one-third of
Caribbean tourism resorts are at flooding risk from a sea level rise of 1 metre, and many more would have
their beach assets substantially eroded. Sea level rise of 1 metre is projected to put 266 out of 906 tourism
resorts and 26 out of 73 airports in the Caribbean at risk of inundation. An estimated 49 per cent of major
tourism resorts in CARICOM would be damaged or destroyed by combined sea level rise and storm surge,
and by enhanced erosion dues to sea level rise. Annual average losses from wind, storm surge, and inland
flooding are estimated to be as high as 6 per cent of GDP in some Caribbean countries (Simpson, M. et
al., 2011; Layne, 2017). For the Pacific island SIDS, similar region-wide assessments of damage to tourism
and related infrastructure are not available, however, under a business-as-usual emissions scenario the
total cost of climate change in the Pacific will continue to grow over the long term, and is estimated to reach
12.7% of annual GDP by 2100 (ADB, 2013).
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The geographical extent of sea level rise and the mean annual flood zones associated with sea level rise can
be projected for future years for a given global emissions scenario (maps generated using Climate Central
Surging Seas Tools - https://sealevel.climatecentral.org/maps).

Under the business-as-usual RCP 8.5 scenario, projected sea level rise and land projected to be below flood
level in the year 2100 are shown for the capital cities of Fiji, Saint Lucia, the Bahamas and Tuvalu. While
Fiji and Saint Lucia show considerable areas that are expected to be below flood level in 2100 under RCP
8.5, affected areas remain localized. However, for low lying island states such as the Bahamas and Tuvalu,
affected areas are extensive, showing that most of land on New Providence Island of the Bahamas, and all of
the land on Fongafale Island of Tuvalu, is projected to be below flood level in the year 2100 under RCP 8.5.
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to climate change. Such projections also support
intergovernmental negotiations on climate change.
What the global and regional assessments do not
provide are precise indications of the magnitude of
physical impacts at national and subnational level.
The latter are required by national stakeholders in
order to assess the severity, geographical scope
and timeframe of physical impacts that are likely to
be encountered in their countries. Only after accurate
national assessments are achieved can national
stakeholders begin to develop effective adaptation
actions, and set the required timeframe, and secure
the resources needed, for their implementation.

Although climate model results published by the IPCC
and other international organizations do not generally

map detailed projections of physical impacts at the
national and subnational level, climate models are
gridded with geographic cells in the range of 50-100
km. Their results can thus be visualized at higher
resolution than typically presented, and a wide range of
so-called ‘ultrascale’ visualization tools are available in
the public domain that provide quantitative projections
of physical climate change impacts with 50-100 km
resolution. Moreover, these ultrascale visualizations
will improve in the future. Current efforts are seeking
to decrease grid sizes of climate models to 1-2 km in
order to provide more accurate sub-10km projections
(Fuhrer et al., 2018; Schéar et al., 2020). Such models
may have results available in the public domain over
the next few years.

Table 1. Summary of the main physical and economic impacts of climate change in developing countries to 2100

Main physical impacts of climate change

Scope and magnitude depends on
the global development path pursued
e Increased land and ocean surface temperature
e Increase of diurnal temperature maxima and temperature range
e Temporal shift of local seasons
e (Changes in the frequency of storm formation
e Changes in principal storm locations, wind intensity, and
precipitation levels
e |ncreased duration of heatwaves and periods of drought
e |ncreased evapotranspiration in soils
e Changes in global and regional wind patterns
e |nvasion and/or proliferation of harmful species and pathogens
e Increased Sea Surface Temperature
e Thermal expansion of ocean water
e Progressive melting of polar ice masses and continental
glaciers increasing ocean volume
e Sea Level Rise
e Inland expansion of coastal flood zones
e Seawater infiltration into coastal groundwater reservoirs
e Reduced oxygen content of ocean water
e (Qcean acidification
e Coral bleaching and damage to coastal coral barriers
e Reduction in net primary nutrient productivity in marine food
cycle
e Poleward migration of marine species to cooler waters
e (Changes in ocean currents and atmospheric jet streams
e |ncrease in seaweed and sargassum growth

Main economic impacts of climate change

Adaptation actions require
national and local assessments and action plans

e Reduced agricultural productivity in tropical and subtropical
zones

e Increased costs of agriculture for irrigation, fertilization and
management of pests and diseases

e |ncreased demand and declines in supply of freshwater
resources

e |ncreased costs for freshwater supply in agriculture and
tourism

e Reduced fisheries yields of traditional species in tropical and
subtropical zones

e Increased fishing effort and costs

e Reduced coastal fish stocks affecting artisanal fishing, tourism,
and livelihoods

e |ncreased storms and extreme weather events impacting
coastal tourism, agriculture, and the fishing industry

e Reduction in attractiveness of tourism in locales experiencing
higher temperatures and elevated extreme weather risks

e Reduction in attractiveness of tourism in locales experiencing
proliferations of seaweed and sargassum growth

e Sea level rise and flooding damage to tourism infrastructure

e Disruptions to trade-related transport

e High costs and investment needs to climate proof and/or
rebuild tourism, transport, and energy and water infrastructure

e |ncreases in insurance costs for agricultural and fisheries
producers, and tourism suppliers

e |ncreased competition with poleward industries for agricultural
and fisheries producers, and tourism suppliers

Source: UNCTAD based on a synthesis of references cited in this chapter.
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Ultrascale visualization of the physical impacts of
climate change permit national stakeholders to reliably
identify location-specific impacts and more accurately
gauge their magnitude and extent. Once the scope
of physical impacts is known, stakeholders will be

in a knowledgeable position to develop efficient and
effective adaptation actions to mitigate the effects of
these impacts on economic activities and trade. Table
1 summarizes the physical impacts of climate change
and their economic impacts affecting developing
countries that have been discussed in this chapter.
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3. CLIMATE CHANGE
VULNERABILITY IN
DEVELOPING COUNTRIES

Chapter 2 indicated that developing countries in
the tropical and subtropical zones will be adversely
affected by climate change, and that agriculture,
fishing, and tourism sectors will be their three sectors
most vulnerable to climate change. Many developing
countries, and particularly LDCs and SIDS among
them, will face significant challenges to maintain
production, and related employment and export levels
in these sectors over the coming years and decades.

Moreover, within developing countries, people who
are already most vulnerable and marginalized will
also experience the greatest impacts (Osman-Elasha,
2009). In many settings, women will be more vulnerable
than men to the adverse impacts of climate change
because they are proportionally more dependent on
threatened natural resources then men. In addition,
women have less access than men to resources
such as land, credit, agricultural and fishing inputs,
decision-making structures, technology, training and
extension services that would enhance their capacity
to adapt to climate change.

After highlighting the importance of agriculture, fishing,
and tourism in developing countries’ employment
and GDP, this chapter reviews the projected impacts
of climate change on sectoral productivity and
output with a view towards identifying, in Chapter 4,
adaptation actions that can limit adverse economic
and trade impacts.

3.1. Employment and output in climate-
sensitive sectors

While the average share of developing country
employment engaged in agriculture, forestry, and
fishing is estimated to be 32 per cent (ILOSTAT, 2020),
this figure varies considerably among countries. In
LDCs the employment in these sectors is substantially
higher, ranging between 40 and 80 per cent in most
cases, with an average of 60 per cent across LDCs as
a whole, and 68 per cent in African LDCs (UNCTAD,
2015). Figure 8 vividly shows the high proportions of
employment sustained by agriculture, forestry, and
fishing activities in Africa, with the highest levels evident
in African LDCs. For SIDS in the Pacific this figure is
also higher than the developing country average, at 38
per cent, but relatively low for SIDS in the Caribbean at
only 11 per cent (ILOSTAT-KILM, 2020).

Figure 8. The percentage share of employment in agriculture, forestry, and fishing in 2019
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Source: ILOSTAT, 2020; most recent data (data unavailable for countries in map shown in white).
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Shares of agriculture, forestry, and fishing contributions
to GDP are considerably smaller than their respective
contributions to employment ranging from a low of 3
per cent in Caribbean SIDS to a high of 23 per cent in
African LDCs (Figure 9).

Figure 9. The percentage contribution to GDP of

agriculture, forestry, and fishing in 2018
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Source: UNCTADStat, 2020.

At the global level, 10.3 per cent of employment and
GDP was associated with the tourism sector in 2019
(WTTC, 2020). In many developing countries, this
share is larger, making tourism a principal generator
of national income (UNWTO, 2014). For SIDS in
particular, tourism is a mainstay of the economy;
the sector contributes to more than 20 per cent of
GDP in two fifths of the SIDS where data is available
(UNCTADStat, 2020).

Published aggregated employment data for developing
country groups is not available for the tourism sector,
however, for many SIDS the shares of employment
associated with the tourism sector are among the highest
in the world. Contributions to employment and GDP for
selected SIDS are presented in Figure 10. Data indicate
a variable importance of tourism in SIDS economies. In
most Caribbean and Indian Ocean SIDS, tourism plays
a dominant role in their national economies, contributing
to 30 to 50 per cent of employment and GDP. In Pacific
SIDS, some countries such as Fiji and Vanuatu have
substantial tourism sectors contributing from 25 to 35
per cent of employment and GDP, while for others such
as Samoa, Tonga, and Solomon Islands, these figures
range only between 10 and 20 per cent. Data on LDCs
reveal that the contributions of tourism to their jobs and
national income are largely similar to the global average
(WTTC Data Gateway, 2020).

Figure 10. Tourism contributions to employment and

GDP in SIDS in 2019
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3.2. Exports of products and services in
climate-sensitive sectors

Developing countries are characterized by a wide
variety of economic and trade profiles. The majority, 66
per cent, are commodity dependent; and in LDC the
share goes up to 84 per cent (UNCTAD, 2019a). Many
tend to be dependent on commodity exports. Climate
change is a source of important shocks to commodity
sectors, posing dire social and economic risks to
people and countries dependent on commodities
(UNCTAD, 2019b). In some developing countries with
growing levels of value addition applied to commodities
prior to their export, these risks are reduced.

There are also several developing countries that have
managed to build a strong services sector, largely
due to the role of information and communications
technology, without ever establishing a strong
manufacturing base (UNCTAD, 2019c). This has led
to their establishment of export-oriented business
process outsourcing services and call centres
(Mode 1 services trade). Many developing countries
have established services for foreign visitors in
the tourism sector and other downstream sectors
including financial, real estate, health, recreational,
telecommunications, and transport services (Mode 2
services trade).

Figure 11 presents the export profiles of developing

country as a group, and of both LDCs and SIDS.

The presented data indicate the share of exports

associated with ‘climate-sensitive’ products:

e agriculture, forestry, and fisheries products (AFF
products); and,

e travel and transport services (TT services).®
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Figure 11. Developing country export profiles in terms of shares of total (goods and services) exports

Developing countries LDCs SIDS
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m AFF products = TT services

Other merchandise
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Note: Export shares of agriculture, forestry, and fisheries products (AFF products); travel and transport services
(TT services) and other merchandise and services, as a share of total exports in 2019. AFF products and
TT services are climate-sensitive export categories. AFF products are all primary commodities excluding
fuels, ores, and metals, i.e., SITC 0+1+2+4-27-28 (SITC 4 classification). TT services are the sum of
travel and transport services. Travel services includes goods and services acquired from an economy by
non-resident travellers during visits shorter than one year. Transport services include all transportation
services that involve carriage of passengers, movement of goods (freight), rentals with crew, and related
supporting services. Travel and transport data used are for the latest available year which have been
extrapolated to 2019 values using reported total services data for 2019.

Source: UNCTADStat, 2020.

Taken together, these two climate-sensitive export
categories account for 17 per cent of developing
country exports. For LDCs this figure is higher at 24
per cent, and higher still for SIDS at 35 per cent. These
figures provide a gauge of the vulnerability, or level
of risk exposure, of developing countries to adverse
physical impacts of climate change. They indicate
that at least a quarter of LDC exports and one third of
SIDS exports risk becoming significantly impacted by
climate change in the future.

3.3. Projected declines in productivity
and output

The distribution of benefits and losses resulting from
climate change will have many sectoral facets, but with
existing economic and modeling data this distribution
can be viewed in terms of changes in agricultural and
fisheries productivity. Thiault et al. projected changes
in productivity of agriculture (maize, rice, soy, and
wheat) and marine fisheries to the end of the century
relative to current values under the RCP 8.5 business-

as-usual scenario wherein adaptation actions are
not implemented. Their results shown in Figure 12
clearly show the contrast between future impacts on
agriculture and fisheries experienced by developing
countries at lower latitudes (substantial losses) and
developed countries at higher latitudes (a mix of
limited losses and potential gains).

Relative to productivity levels in 2020, these model
results project agricultural and fisheries productivity
losses for LDCs and SIDS in the tropical zone of 20 to
30 per cent, and in the subtropical zone of 5 to 15 per
cent, by 2100. These losses do not take into account
adaptations that may be effected in the interim. Since
adaptations are possible, and since global mitigation
efforts may achieve lower emissions trajectories than
the business-as-usual RCP 8.5 scenario, productivity
levels in developing countries may not decline as
much as these model results project.

Economy-wide impacts of climate change have also
been modelled recently in several studies (Kahn et al.,
2019; Burke et al., 2015; Kompas et al., 2018; Roson
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Figure 12. Projected losses in agricultural and fisheries productivity in 2100
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Note: Estimated changes in (A) agricultural and (B) fisheries productivity under a business-as-usual
development path RCP 8.5 in 2100 relative to 2020. From higher to lower losses, the colours red, orange
and yellow indicate losses in productivity. From lower to higher gains, the colours light blue to darker blue
indicate productivity gains. The changes in productivity are expressed as logarithms, e.g., a productivity
change of +1 (-1) indicates a gain (loss) in productivity of 10 per cent while a productivity change of +1.5
(-1.5) indicates a gain (loss) in productivity of 30 per cent.

Source: Thiault et al., 2019.

and Sartori, 2016). These models primarily project
changes in GDP at national levels based on changes
in temperature and the effects of temperature changes
on worker productivity. As ambient temperatures rise
in the coming decades due to climate change the
impact of heat stress on labour productivity is likely to
be among the most serious economic consequences
of climate change (ILO, 2019).

Based on empirical studies examining the effects
of temperature on worker productivity since 1960,
economic productivity is correlated to temperature in
all countries, with productivity peaking at an annual
average temperature of 13 °C and declining strongly
at higher temperatures. The relationship has been
observed to apply to both agricultural and non-
agricultural activity in both developed and developing
countries (Burke et al., 2015).

As average annual and daily temperatures rise due
to climate change, economic losses are expected to
occur across economies in the agriculture, industry,
and services sectors. LDCs and SIDS in the Earth’s
tropical zone will be the most vulnerable countries
to progressive climate change related heat stress
increases because of their high starting levels of
ambient heat and humidity exposure, and their
relatively low capacity to finance adaptations (i.e., air
conditioning, insulation, building improvements, tree
cover for shade, etc.).

According to a recent modelling study, the impact
of temperature caused by climate change, in the
absence of mitigation policies, reduces world real
GDP per capita by more than 7 percent by 2100 for

the RCP 8.5 scenario; a level consistent with other
recent studies projecting a 5 to 10 per cent decline
(Kahn et al., 2019). Importantly, model results suggest
that in addition to GDP losses, rising temperatures
also lower long-term economic growth rates.

All studies show considerable variation in the impact
of climate change on GDP, with countries in tropics
experiencing the greatest losses. Figure 13 illustrates
the relationship between countries’ latitude and GDP
change, for a 3°C increase in temperature, that has
been reported in one recent study (Roson and Sartori,
2016).

Figure 13. Variation of GDP with latitude
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Source: Roson and Sartori, 2016.

Given the projected adverse impacts of climate
change on developing countries’ agriculture, fisheries,
and tourism sectors it is important to review the
underlying sources of vulnerability in each of these
climate-sensitive sectors in order to identify ways in
which risks and hazards can be reduced.
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Figure 14. Developing country farms
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3.4. Agriculture: small farms facing big
challenges

Agriculture will be heavily affected by climate change,
with strong differences between regions. A large share
of the population in developing countries depends
on agriculture, forestry, fishing, and hunting for their
livelihoods. In 2019, exports associated with these
activities accounted for 9 per cent merchandise
exports from developing countries; 16 per cent for
LDCs and 12 per cent for SIDS (UNCTADStat, 2020).

The world’s water supplies are already unevenly
distributed, and climate change will exacerbate this
situation. Climate change will reduce renewable
surface water and groundwater resources in most dry
tropical and subtropical regions. More than seventy
per cent of agriculture around the world depends on
rainfall as opposed to irrigation (Reddy and Syme,
2015). As a result, agriculture is very sensitive to
changing patterns in precipitation, temperature, and
extreme weather events. Increased water scarcity will
significantly affect agricultural output in developing
countries.

With limited land, technological, and financial
resources, smallholder farmers will be least able to
adjust to changes in temperature and precipitation.
And because the size of the vast majority of farms
around the world is less than 1 hectare, climate
change is poised to dislocate productive activity for
the majority of the world’s farmers. Figure 14 shows
that China and India account for almost 60 per cent of
the 570 million farms currently active in 161 countries.
Such smallholders are at the frontlines of current and
projected climate change impacts. Climate change
will alter market dynamics and change the suitability
of land for crops, resulting in new supply, demand,
trade, and price dynamics. These changes will give
rise to new patterns of comparative advantage and
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>300 hecte® g notsnaluble.

competitiveness for agriculture, generally, and for
individual crop and livestock varieties, specifically.

Globally, there will be a cumulative loss in crop
productivity, although some countries at higher
latitudes will experience gains. Given that food
demand is inelastic, and that population growth will
lead to a consistent increase in demand, food prices
can be expected to increase substantially. Farmers in
net food exporting developing countries may benefit
if they adapt effectively, while net-food-importing
countries will see expenditures for food imports rise
substantially. Almost certainly, increased food prices
will also lead to increased poverty among the poor.
Farmers will need to reallocate their land to crops that
have more productive yields as climatic conditions
worsen, taking into account changing market
dynamics (Gouel and Labourde, 2019). Supporting
smallholders in such endeavors can help ensure food
security and lessen the need for costly agricultural
imports (Heinrich Béll Foundation, 2015).

3.5. Fisheries: fish on the move as
waters warm

Fisheries are an important natural resource providing
wealth, employment, tradition, and culture to
developing countries. In many developing countries,
they make a critical contribution to ensuring adequate
protein intake and food security. Annual global per
capita fish consumption grew from 9 kg in 1961
to 20.3 kg in 2017, providing an increasing share
of protein intake around the world (FAO, 2020).
Developing countries depended on fish for more than
11.7 per cent of their consumed animal protein in
2017, while in some SIDS this figure exceeded 50 per
cent. The economic value and contribution of fish to
food security make it critical that its place among diets
in the future, particularly in island nations.
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Nearly 60 milion people work in primary
fisheries and aquaculture production globally, and it is
estimated that 200 million jobs are directly or indirectly
connected with the fisheries sector (FAO, 2020). In
developing countries, fisheries sector employment
consists predominantly of small-scale artisanal fishers,
in contrast to the industrial fishing mainly undertaken
by large-vessel fleets from Asian countries, followed
by the fleets from the Americas, Africa and Europe.®

Global production reached 178 million tonnes in 2018,
with 52 per cent derived from capture fisheries (both
marine and inland) and 46 per cent from aquaculture.
Total first sale value of fisheries and aquaculture
in 2018 was $400 bilion. Aquaculture production
accounted for close to two thirds of this total at
$250 billion. Aquaculture is also responsible for most
of the increase in fish consumption since the late
1980s. However, intensive aquaculture needs to be
sustainably managed, as it often takes place in and
deteriorates mangrove areas which play a key role
in carbon sequestration (Donato et al., 2011) and in
protecting coastal communities from storm surge.

About 37 per cent of fish production enters
international trade. Countries differ widely in their
fish consumption choices, resulting in fish being a
strongly traded commaodity. Several countries have a
fish trading profile whereby they export much of their
extracted fish, and at the same time import other
fish species for local consumption. Many developing
countries import fish species that are not available in
their waters to supply fish to the tourism industry, as

international hotel chains often seek a specific set of
fish choices for their customers.

Climate change will result in significant changes to the
availability and trade of fish products, with potentially
important political and economic consequences,
especially for those countries most dependent on
the sector. Ocean warming is expected to increase
progressively, leading to changes in the distribution
of fish stocks as species move to seas of cooler
temperatures. As a result, marine fisheries production
will increase in some countries, while decreasing in
others (Laffoley and Baxter, 2016). Climate warming
may also significantly affect aquaculture production
in developing countries due to saltwater infiltration
of production sites, limited freshwater supply, and
increased risk of disease outbreaks associated with
higher temperatures.

Models projecting changes in the availability of
779 commercial fish species under two emissions
scenarios up to 2100, estimate that the average
tropical country’s Exclusive Economic Zone (EEZ)
will lose 7 per cent of species fished in 2012 under
a low emissions scenario (RCP 4.5). In addition,
FAQO’s Climate and fisheries model projections in 13
marine regions suggest decreases in maximum catch
potential in the world’s EEZs of between 2.8 per cent
and 12.1 per cent by 2050 (Barange et al., 2018).
These figures increase to a loss of 40 per cent under
the high emissions scenario (RCP 8.5). Northwest
Africa, Southeast Asia, East Africa, Central America
and the Caribbean are projected to suffer most.

Figure 15. Projected changes in maximum catch potential (%) under RCP8.5 by 2050

Source: Cheung, W.W.L. et al., 2018.

Percentage change
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Box 7. Palau’s National Marine Sanctuary

Representing one of the world’s largest marine protected areas (MPA), Palau’s National Marine Sanctuary
was established in 2020 (GLISPA, 2015). The Sanctuary protects 80 per cent of Palau territorial waters
from fishing and mining, thereby also protecting one of the world’s largest tuna stocks. The rest of Palau’s
territorial waters are reserved for fishing. One observed consequence of the ban on fishing so far has been
an increase in catch of species close to the shore. Palau officials are therefore working to ensure that the
country’s fishing fleet can access enough tuna in the 20 per cent of territorial waters still available for fishing.

Marine ecosystems are being altered by direct effects of climate change including ocean warming, ocean
acidification, rising sea level, changing circulation patterns, increasing severity of storms, and changing
freshwater influxes. As impacts of climate change strengthen they may exacerbate effects of existing
stressors and require new or modified management approaches. MPAs provide an effective approach
address multiple threats to the marine environment (Keller et al., 2009).

Countries will experience the long-term migration of
fish species out of their EEZs for the first time, which
may create incentives for overfishing right before the
fish exit their seas, and to increased engagement in
high seas fishing by their fishers.

Tropical and subtropical countries are expected to see
the largest gaps between the quantity of fish needed for
healthy nutrition and the local fish harvest. According
to the projections shown in Figure 15, Pacific SIDS will
experience the largest decrease in maximum catch
potential under RCP 8.5 by 2050. This will certainly
translate into substantial negative trade impacts since
fisheries products are among their top exports. In all
developing regions, countries will have to adapt their
ocean/blue economy and fish trade strategies to the
reality of the declines in their fisheries’ potential yields.

Figure 16. Pacific SIDS fish exports
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For many Pacific SIDS, fish make up a predominant
share of their export earnings (Figure 16). In 2018,
fish exports represented more than half of all

exports in several Pacific SIDS. Ocean warming and
acidification is forecast to reduce fish production by
twenty per cent in 2050, mainly due to the resulting
ocean acidification, coral bleaching and changes in
migratory patterns. Pacific SIDS may need to cover
the shortfall in fish by catching more tuna, which is
abundant in the region. According to models of the
effects of ocean warming, skipjack tuna are expected
to move eastward. As a result, it will be easier for
fishers in Kiribati, Cook Islands and French Polynesia
to catch tuna than in western Pacific states. In an
effort to preserve Pacific tuna populations, Palau has
established a marine protected area (MPA) which also
serves to reduce the impacts of ecosystem stressors
of climate change (Box 7).

In Southeast Asia, overfishing has resulted in a
significant reduction of fish stocks in recent decades.
Freshwater aquaculture and mariculture have been
filing the gap created in marine fisheries. In light of
ocean warming, marine fishery harvests in southeast
Asia will decrease by between 20-30 per cent,
accompanied by a loss of 20 per cent of marine
biodiversity by 2050. Such a change will have serious
implications for economies with shorelines in South
East Asia and on the South China Sea because
millions of people are employed in the fishing industry
in this region (Laffoley and Baxter, 2016).

Another developing region with high dependence on
fishing is the western Indian Ocean where overfishing
and unsustainable fishing practices have affected fish
stocks in several coral reef areas. Population growth,
continued overfishing, and further damage caused by
ocean warming will continue to reduce the contribution
of coral reef fishing in the coming decades. This will
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result in diminished food security and livelihoods
unless strategies are devised to counter this trend.

3.6. Within the services economy,
tourism faces the greatest climate
risks

The contribution of services to economies has
increased over time. In 1980-2018, the share of
services in GDP increased in all income level groups,
including from 61 to 76 per cent in developed
economies and from 42 to 56 per cent in developing
economies (UNCTADStat, 2020). In 2018, as a share
of national income, GDP generated by services
reached 49 per cent in LDCs and 69 per cent in
SIDS (Figure 16). While most services are supplied
domestically, trade in services has assumed great
importance over the past decade. As shown in Figure
17, from 2010-2019, services exports have increased
by 55 per cent globally, and by 62 per cent and 103
per cent in SIDS and LDCs respectively.

Developed economies continued to dominate in
higher value-added services categories including
insurance, financial, IP, and other business services
exports with a share of 78 per cent of the total in 2019.
As for developing countries, which accounted for 30
per cent of world services exports in 2019, transport
and travel services, which include tourism, were their
most important services exports.

Developing countries in Asia and LDCs experienced
significant growth in services exports since 2010.
Although transport and travel services still account for
the predominant share of their services exports, higher

value-added categories such as telecommunications,
computer and information services, and financial
services and other business services have been
increasing, with annual growth rates of 13, 12 and
9 per cent, respectively. For LDCs and SIDS, rapidly
growing travel and transport exports respectively
accounted for 65 and 85 per cent of their services
exports in 2019.

Although services trade has been observed to be
more resilient to economic downturns in comparison
to trade in goods, it remains vulnerable to the
impacts of climate change. With substantial coastal
infrastructure, tourism is especially vulnerable. Many
developing countries, especially in the Caribbean,
are obliged to invest heavily in climate proofing their
tourism sectors by upgrading resorts or moving them
inland. They are also gradually transitioning away from
beach tourism to ecotourism which is less reliant on
infrastructure.

Services imports are also an important part of the
overall services trade picture for developing countries.
For example, given that agriculture is an important
economic sector in developing countries, there
is value in exploring ways in which services can
enhance climate resilience in the sector. Information
and communications technology (ICT) services are
especially relevant in this context. Providing information
on weather advisory services to smallholder farmers
can help them prepare for extreme weather events,
and access loans needed to respond to such events.
Mobile-phone based weather and financial services
can help smallholders that would otherwise remain
beyond reach (FAO, 2019).

Figure 17. Services share of GDP and rate of export growth
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Figure 18. Share of travel and tourism in GDP and employment
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Globally, travel and tourism generated $8.9 trillion
($24.3 billion/day) of income in 2019 (WTTC, 2020).
This income, distributed among all countries at
all levels of development, represents the sum of
direct, indirect, and induced income associated with
international and domestic tourism.” In terms of direct
income related only to international tourism reported
by countries as exports, travel and tourism generated
$4.7 billion in 2019 (UNWTO, 2020a)® making travel
and tourism the world’s top services export and its
3rd highest sectoral export after chemicals and fuels
(accounting for nearly 7 per cent of total global exports
and 28 per cent of global services exports). Over 330
million jobs are directly or indirectly related to travel
and tourism which equates to 1 in 10 jobs around the
world. Tourism is also a major attractor of domestic
and foreign investment accounting for $948 billion of
capital investment in 2019.

The worldwide contribution of travel and tourism
to GDP was 10.3 per cent in 2019, and its annual
turnover has been growing at a faster pace than global
GDP for the past 10 years. With growing developing
country participation, tourism has become a major
contributor to their income and growth. In over 150
countries, travel and tourism is one of five top export
earners, and in 60 it is the number one export. It is
the main source of foreign exchange for one third of
developing countries and one half of LDCs, where it
accounts for up to 40 per cent of GDP.

Tourism continues to demonstrate its importance to
national economies with a consistent contribution
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to economic growth and development especially for
developing countries where tourism impacts on the
economic and social development are mostly positive.
Figure 18 presents the total contribution of travel
and tourism to GDP and employment in selected
developing country regions.

Tourism is not only a major contributor to developing
countries economies; it is also among their fastest
growing sectors. Globally, the travel & tourism sector
experienced 3.5 per cent growth in 2019, outpacing
the global economy growth of 2.5 per cent for the
ninth consecutive year (WTTC, 2020). Since 2010,
the average travel and tourism growth rate has been
3 per cent for SIDS and 3.5 per cent for LDCs (WTTC
Data Gateway, 2020), highlighting the importance
of the sector in the economic growth of developing
countries.

Tourism linkages to other economic sectors are
diverse and deep (UNCTAD, 2010). The sector
requires support — for example, to build and operate
hotels, restaurants, and other tourism related facilities
—through backwards linkages with basic infrastructure
services such as energy, telecommunications,
environmental, agricultural, manufacturing, and
constructionservices. ltalsohasawiderange of forward
linkages with sectors supplying services consumed by
tourists such as financial, telecommunications, retail,
recreational, cultural, personal, hospitality, security,
and health services. These strong linkages catalyze a
multiplier effect that generates broad-based economic
benefits at the national level as well as employment
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opportunities and poverty reduction at the local level.

Without strong tourism linkages such benefits do
not materialize. At the same time, however, if tourism
levels fall, sectors linked to tourism will also be
adversely affected. In countries where tourism is a
major contributor to the national economy, declines
in tourism activity can lead to economy-wide domino
effectimpacts due to its strong downstream linkages. If
a downturn in tourism activity is prolonged, decreased
investment in the sector will also adversely affect
upstream linked sectors such as the construction,
energy and water services industries.

Tourism is especially climate-sensitive. As most types
of tourism, coastal tourism especially, are weather
dependent, tourism is a very climate dependent
economic activity. As climate change progresses over

Box 8. Coronavirus and SIDS

the coming years and decades, there will be a gradual
shift in locations that possess the ideal temperatures,
minimal rain and storm conditions, abundant local
food and water supply, low levels of pests and
disease, and quality of beaches, needed to attract and
accommodate tourists.

The significant contributions of travel and tourism to
GDP, exports, employment and growth in developing
countries risks reversals when climatic variables
change. These risks are particularly high for SIDS
where tourism accounts for more than 30 per
cent of total exports in the majority of the 38 SIDS
(UNWTO, 2020b). In some countries, this proportion
is even higher, making them especially vulnerable to
falling tourist numbers, as witnessed during the 2020
Coronavirus pandemic (Box 8).

International tourist arrivals declined sharply by 47 per cent in SIDS during January—April 2020 and continued
to fall throughout 2020 due to the Coronavirus pandemic. The road to recovery is set to be long. Such a
major shock translates into a massive loss of jobs, a sharp decline in foreign exchange and tax revenues
which curbs public spending capacity and ability to deploy the measures necessary to support livelihoods
through the crisis. Women, who account for half of the workforce in almost all SIDS, and informal workers

are particularly at risk.

Many SIDS have deployed measures to sustain businesses and jobs, often supported by international and
regional institutions yet more support is urgent. The external debt of the SIDS accounts for 58 per cent
of GDP on average and foreign reserves are generally low, with many SIDS possessing only the reserves
sufficient for a few months of imports. Estimates also suggest that SIDS economies could shrink by 4.7
per cent in 2020 as compared to 3 per cent for the world economy. SIDS require international support to
counter the devastating impact of Coronavirus on tourism, their economies and livelihoods.

Sources: UNWTO, 2020b; United Nations, 2018; UNDESA, 2020.
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4. ADAPTATION COSTS AND
FINANCING

Chapter 3 discussed the economic implications
of climate change for major economic sectors in
developing countries. This chapter aims to explore
near- and long-term pathways that can help them
cope with these impacts and pursue socio-economic
development in a sustainable manner.

Actions to adapt to climate change by developing
countries remain largely overdue on the economic
and trade fronts. So far, developing countries have
paid relatively little attention to long-term economic
and trade strategies that increase their preparedness
for both near- and long-term shocks. The longer
they wait, the larger the future damage will be. An
increase in awareness of how climate impacts affect
their economies and trade is the first step that needs
to be taken towards crafting policies and measures
that can minimize future economic losses, while also
taking advantage of new opportunities where relevant.
Adaptation efforts with long term foresight and
perspective are critical as they save resources many
times over in comparison to no-measures scenarios
that cope with future climate related damage as it
OCCurs.

Many developing countries face common challenges
when seeking to increase their trade-climate resilience
through adaptation actions. They must find ways to
better manage and decrease their high debt levels
to be in a position to finance adaptation actions.
Many must also finance the high cost outlays needed
to recover from damages caused by an already
increasing incidence of natural disasters.

There are various ways in which countries can take
adaptation steps. Structural or physical adaptation
involves the engineered and built environment,
technological upgrades, ecosystem-based
adjustments, and services. Social adaptation can be
in the form of education, information, and behaviour
modification. Institutional adaptation with a longer-
term perspective is also important, involving structural
changes in the economy, laws and regulations, and
government policies and programs (Kléck and Nunn,
2019).

Some climate change mitigation actions can also
be leveraged to support adaptation objectives.
For example, moving to off-grid renewable energy

solutions in rural areas can help developing countries
improve their economic resilience, both in the form of
reducing their dependence on fossil fuel imports, and
enhancing their ability to maintain electricity supply
during and immediately after extreme weather events.

Increasing forest stocks and advancing biodiversity
conservation and restoration are also areas offering
synergies for both mitigation and adaptation. It is
estimated that nature-based solutions can offer up to
37 per cent of climate mitigation needed by 2030 to
keep global warming below the 2 C° threshold (IPBES,
2019). Simultaneously, safeguarding and enhancing
ecosystems contributes to the adaptation capacities
and climate resilience of the 4.3 billion people who
depend upon them for their livelihoods; mainly people
in developing countries that will be affected most by
climate change (UNCBD, 2016).

4.1. Costs and international public
financing of climate change
adaptation

Adaptation to climate change is gaining increased
attention in developing countries as confidence in
climate change models grows and demonstrated
international actions to mitigate GHG emissions
remain extremely limited and insufficient to significantly
alter emissions trajectories from a business-as-usual
scenario. The IPCC has enumerated and outlined the
potential scope of the numerous adaptation actions
that may need to be implemented for a wide range of
economic sectors including in energy, water, transport,
agriculture, forestry, fishing, mining, housing, health,
and tourism among others (Agard, J. et al., 2014).
Moreover, actions taken to address impacts in these
sectors must be implemented in a holistic way since
impacts on one sector of the economy will in turn affect
other sectors though product and input markets.

Despite developed countries’ dominant role in
contributing to historical GHG emissions, the burden
of climate change adaptation will predominantly beset
developing countries where the adverse physical
impacts of climate change will be most pronounced.
And while developing countries urgently need to
advance their adaptation efforts due to their substantial
and numerous vulnerabilities, the adaptation costs
they will incur are extremely high.

If the UNFCCC Paris Agreement goal of limiting
climate change warming to 2°C is met, the aggregate
cost of adapting to climate change in developing
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countries has recently been estimated by the United
Nations Environment Programme (UNEP) to range
between $140-300 bilion annually in 2030, and
between $280-500 billion annually in 2050 (UNEP,
2016; OECD, 2020). For higher emission scenarios
of global warming, estimates of the adaptation costs
in developing countries would be considerably higher,
even in the near-term.

In implementing the Paris Agreement, countries are
required to submit nationally determined contributions
(NDCs) which detail the actions they plan to undertake
nationally towards meeting the Agreement’s global
goal. Fifty countries have included adaptation actions
in their NDCs. Based on these submissions, and
extrapolating costs for other developing countries, the
current global adaptation has been estimated to be
approximately $115 billion a year (Hallegatte, S. et al.,
2020).

In 2009, at the 15th Conference of Parties (COP15)
of the UNFCCC, developed countries committed to
jointly mobilize $100 billion per year in climate finance
by 2020 to address the climate change mitigation
and adaptation needs of developing countries in the
form of the Green Climate Fund (GCF). The GCF is the
world’s largest dedicated fund assisting developing
countries to reduce their greenhouse gas emissions
and adapt to climate change.

The 2015 UNFCCC Paris Agreement issuing from
COP21 reiterates developed countries’ COP15
commitment to mobilize $100 billion annually. It was
also decided at COP21 that developed countries
intend to continue their existing collective mobilization
goal of $100 billion per year through 2025, and that
in subsequent years they will aim to increase this
amount, taking into account the needs and priorities
of developing countries (UNFCCC, 2020a). Under the
Paris Agreement international public funds are to be
managed and distributed by the GCF with an equal
balance of funding between mitigation and adaptation
efforts, As a result only one half of its funds will be
allocated to adaptation activities.

A recent stocktaking report issued by the OECD
provides some insights into climate finance
contributions and allocations (OECD, 2020). It finds
that over the 2013-2018 period:

e total climate finance mobilized and provided by
developed countries to developing countries
reached $78.9 billion, primarily through the GCF®

e within this total, international public climate finance

provided by developed countries reached $62.2
billion while private finance mobilized reached
$14.6 billion.

¢ finance for mitigation represented 70 per cent, and
finance for adaptation 21 per cent, of the total with
remainder targeting cross-cutting activity.

e the share of loans in total public finance provided
was 74 per cent, the share of grants 20 per cent,
and the remainder was mostly in the form of equity
investments.

e financing for LDCs and SIDs represented only
14 per cent and 2 per cent respectively of total
provided climate finance from 2016 to 2018.

Moreover, an overwhelming 80 percent ($47 billion) of
all reported public climate finance was not provided
in the form of grants, but rather as loans. Around half
of this ($24 billion) was non-concessional, offered
on commercial terms requiring burdensome terms
of repayment from developing countries. Oxfam
calculated that the ‘grant equivalent’ — the true value of
the loans once repayments and interest are deducted
—was less than half of the reported $47 billion amount
(Oxfam, 2020). A bigger offering of concessional
finance will be essential for developing countries
to address the adaptation challenges that climate
change poses to their development (Micale et al.,
2018). Concessional financing is important particularly
for middle-income developing countries such as the
SIDS that have extreme economic and environmental
vulnerabilities but often do not qualify for such funds
due to very restrictive per capita income criteria which
are often maintained in loan considerations in isolation
from considerations of vulnerability. International public
finance institutions should also include economic and
environmental vulnerability indices in their decisions
to authorize concessional financing. Many SIDS
governments have called for more favourable access
to concessional resources for all small islands by
including a measure of vulnerability in assessments as
to which countries should be eligible for concessional
finance (Hurley, 2015).

The above figures reported by the OECD include the
sum of all commitments and disbursements, but as
these figures are not reported separately, it is difficult
to ascertain to what extent the above ‘provisions’
(i.e., commitments pledged by governments including
through multilateral entities) and ‘mobilizations’ (i.e.,
private sector commitments mobilized by developed
countries) of finance have actually been disbursed. It
is important to note that the OECD figures include not
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Flgure 19 Adaptation gap
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(low) to $300 hilion (high) resulting in an
‘adaptation gap’ of $80-250 billion annually.

Source: UNEP, 2016.

only the GCF, but a wide range of other international
public finance sources (see footnote 6 below).

To gauge the extent of approved funding and
disbursements associated with the above figures,
recent data reported by the GCF state that since
GCF’s inception, financing for approved activities was
only $6.3 billion, and of that only $1.3 billion has been
disbursed (GCF, 2020).

In the near term, it is immediately apparent that
with such low approval and disbursement rates,
the current costs of climate change adaptation
in developing countries are not being adequately
financed by the GCF. However, even with faster
approvals and disbursements, and an assumption
that the GCF target level of $100 billion annually is
achieved, because of the need to balance mitigation
and adaptation financing, at most only $50 billion
would be available for adaptation activities; a number
that falls short of the $130 and $300 billion estimates
noted above. A recent report by UNEP refers to this
shortfall as the ‘adaptation gap’, asserting that current
adaptation costs are likely to be at least 2 to 3 times

higher than international public finance for adaptation,
with upper estimates as much as 5 times higher.
The report estimates that to meet all finance needs
and avoid an adaptation gap, the total finance for
adaptation in 2030 would have to be approximately
6 to 13 times greater than international public finance
today (UNEP, 2016). Figure 19 shows the magnitude
of gap according to recent adaptation cost estimates.

Besides the GCF, other international public finance
funds are available for adaptation. Although additional
funding channels increase the options and possibilities
for recipient countries to access international public
finance, the presence of so many financing entities
also makes the process more complicated, causing
developing countries with limited capacity to duplicate
time-consuming application and reporting processes
among different international financial institutions, each
having their own unique criteria and requirements.

The Adaptation Fund established under the UNFCCC
Kyoto Protocol and administered by the World
Bank which has committed $720 million to climate
adaptation and resilience activities since 2010.'
Another fund is the Least Developed Countries Fund
(LDCF) established in 2001 under the UNFCCC and
operated by the Global Environment Facility (GEF)
which has provided $1.4 bilion since 2001 for the
preparation and implementation of National Adaptation
Programmes of Action (NAPAs) in LDCs.!"" While a
few other international public finance funds with more
limited financial capacity exist, taken together along
with the GCF, the net amount of international public
funding available to finance adaptation activities
in developing countries remains far inferior to the
assessed needs of developing countries.

4.2. Filling the adaptation gap: other
means of financing adaptation

Apart from international public finance provided
and mobilized by developed countries for climate
change adaptation in developing countries, there are
numerous other sources of finance for adaptation at the
national level (for a an accessible and comprehensive
introduction see Burmeister et al., 2019).

Governments (national, sub-national and local) and
the domestic private sector will need to finance
many adaptation activities undertaken in developing
countries. These sources of financing are especially
important given the significant challenges developing
countries face in promptly accessing international
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public financing, including a long and detailed
application and accreditation process which often
means that years will pass from the time of initial
application to approval and disbursement. Moreover,
because each source of international public financing
has its own unique requirements which need to be
adhered to when preparing project proposals and
concept notes, for many smaller and urgent adaptation
activities, the mobilization of needed financing may
occur more rapidly from national sources than from
international public finance sources.

Fortunately, climate change continues to reveal
itself gradually. With the exception of the increased
incidence of extreme weather events, many impacts
such as temperature increases, precipitation
changes, fish migrations, and sea level rise will
progressively impact economic activity over the next
few decades. This allows governments and producers
to progressively enhance their climate resilience over
the coming years, with a time period of up to 10 to
30 years — depending on projected timeframes for the
emergence of adverse impacts — to fully implement
needed adaptation actions for climate-sensitive
sectors. This relatively long timeframe should allow
governments and producers, that begin preparing
today, adequate time for planning, securing finance,
and conducting a phased roll-out of financing and
implementation.

Governments have two guiding roles to play in
catalyzing this gradual process of change. Firstly,
by initiating climate resilience capacity building for
producers through awareness-raising, outreach,
extension services, information exchange, and
stakeholder workshops. These activities can support
farmers in changing their crops and cropping
methods, as well as their fertilization, pest control,
and irrigation practices. Fishers can be supported in
changing their fishing methods and targeted species,
and tourism services providers can be encouraged to
diversify their product offering. Secondly, by revising
new geographical zoning ordinances for agriculture
and construction, building codes, regulations on
water use, fishing zones and regulations, and
providing incentives for farms and businesses (as well
as property owners and investors) to locate/relocate in
less climate-sensitive locations.

Within a decade, these government actions can greatly
enhance future climate resilience. Small producers,
small and medium sized enterprises, and large
companies will seek to invest in their own resilience

to ensure their survival and growth, and to protect
their stakeholders and shareholders (Frei-Oldenburg
et al.,, 2018). Private financial institutions, including
banks, pension funds, and insurance companies,
can also develop adaptation instruments and facilities
that provide funding for adaptation through loans
(Burmeister et al., 2019).

Associated changes in producers’ modus operandi
will be largely auto-financed by producers as they
adjust their production methods over time to reduce
their climate exposure. Although it will be difficult to
measure and quantify, this mode of private sector
auto-financing can contribute significantly to filling the
adaptation gap. However, national, sub-national, and
local governments need to get climate resilience laws,
regulations, and incentives in place without delay to
maximize future results.

Climate proofing existing and future infrastructure may
not be achieved as easily. Re-engineering, relocating,
and rebuilding roads, rail lines, bridges, sea walls,
seaports, airports, and water, communications and
electricity supplies, will require substantial financing by
the national government. In some instances, public-
private partnerships (PPPs) can also be used to
include private participation in infrastructure projects.
PPPs allow governments to share climate risks with
private investors and reduce required government
outlays (Gardiner et al., 2015).

Most capital expenditures on infrastructure will need
to be made from the government budget. However,
for many developing countries, national budgets
have insufficient capacity to fund expenditures for
climate change adaptation due to high debt servicing
payments. Developing countries must find ways to
overcome the high debt, low growth trap that they
find themselves in (King and Tennant, 2014). Debt
levels are particularly high for SIDS (Box 9). High debt
limits opportunities for capital expenditure, requires
high servicing costs, and discourages investment in
climate adaptation. Policymakers often spend more
time focusing on managing debt and the threat of debt
crises, than on economic growth, social development
and climate change. Most recently, the shock brought
about by the Coronavirus pandemic illustrates that
small and open economies do not have the resources
needed to effectively respond to large-scale disasters
and economic dislocations with financial response
and recovery packages (UNDESA, 2020).

Developing countries can explore several pathways
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Box 9. High debt levels limit SIDS’ ability to finance adaptation actions

High debt levels of SIDS in the Caribbean severely limit their ability to finance climate change adaptation
actions, even though, among countries, they will confront some of the most adverse impacts of climate
change. SIDS are located in some of the most disaster-prone regions in the world and comprise two-thirds
of countries with the highest relative annual losses due to disasters (OECD and World Bank, 2016).

SIDS are, on average, more severely indebted than other developing countries. External debt burdens have
continued to rise from 51 per cent in 2009 to 61 per cent in 2019, with many individual SIDS obviously
having considerable higher external debt-to-GDP ratios. In 2019, SIDS external debt obligations amounted
to more than 172 per cent (or near double) of their export revenues, compared to around 100 per cent
in 2011. Almost a quarter of SIDS export earnings are allocated towards servicing external public debt
obligations (ACSIS, 2020).

Public debt is a key factor which impedes SIDS from increasing their trade-climate resilience. Building
resilience at individual, institutional and private sector levels is essential to achieve sustainable development
in SIDS, but available financing for this purpose is limited and difficult to access.

Debt levels also impede the ability of SIDS to diversify exports. When debt servicing levels are high, countries
are less able to channel public funds towards the development of new export industries. Reducing and
limiting debt levels remains challenging due to the recurrent need to allocate government funds to disaster
recovery efforts. Therefore, debt levels, disaster financing, and economic prospects of SIDS, including their
export competitiveness, are closely interlinked.

Among the three main SIDS regions, Caribbean SIDS have high levels of debt distress, and less concessional
debt as a share of their total outstanding loan portfolio (UN-OHRLLS, 2020). Public debt-to-GDP levels in
the Bahamas and Jamaica currently exceed 100 per cent. Many Caribbean SIDS are affected by high and
rising public debt, with accommodative fiscal policies, natural disasters, and economic shocks contributing
to the accumulation. SIDS in the Pacific region, in contrast to the Caribbean, enjoy relatively low public
debt levels, which is partly explained by their typically low-income status, which allows them to secure
external loans on highly concessional terms, reducing debt servicing needs. Public debt-to-GDP ratios
are below 60 per cent in all Pacific SIDS, excepting the Marshall Islands. The third and final grouping of
SIDS, in the Africa-Indian Ocean region, includes countries with quite different economic and socio-poalitical
histories, resulting in widely varying debt experiences. Mauritius and Cape Verde are strong recipients of
remittances. Several countries, the Maldives in particular, have highly tourism-based economies that are
prone to fluctuations in tourism revenues.

to reduce debt to sustainable levels so that national
budgets can allocate funding to climate change
adaptation projects. Undertaking policy, institutional
and governance reforms may be needed to strengthen
political and administrative oversight and avoid fiscal
slippage, and to minimize contingent liabilities caused
by loss-making public enterprises. Although they
can be effective in reducing debt, fiscal consolidation
is not likely to be a panacea as it will lead to cuts in
capital expenditures. Furthermore, many developing
countries have already undertaken austerity exercises
that have adversely impacted their populations and
curtailed demand for goods and services needed to
sustain economic growth. Efforts should thus focus

on economic growth to increase fiscal revenue and
thereby reduce the share of debt servicing within
budgets. And because climate-sensitive sectors
such as agriculture, forestry, fisheries, and tourism
contribute significantly to their export earnings and
employment, climate change adaptation in these
sectors is essential.

There are several innovative generators of funds to

augment the national budget that many developing

countries have used successfully which can be utilized

to generate funds for climate change adaptation:

e (Citizenship-by-investment (CBI) is a form of
economic citizenship whereby an individual acquires
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Box 10. Citizenship-by-investment (CBI) experiences in the Caribbean SIDS

St. Kitts and Neuvis, in 1984, became the first country to introduce a CBI programme. Several other
Caribbean SIDS have since followed its example, particularly in the last decade. Today, Dominica, Antigua
and Barbuda, Grenada, St. Lucia and Vanuatu count among SIDS with CBI programmes. They have all
launched CBI programmes as a means of raising funds to deal with the growing frequency and intensity of
hurricanes due to the warming of the Atlantic Ocean. Funds raised contribute to adaptation and recovery
costs. CBI programmes offer a quick and easily implemented approach to raising funds for climate resilience,
often delivering finances much faster than international public funding.

Dominica is the most recent example of a Caribbean country that demonstrated the importance of CBI
for climate resilience. It has beaches, rivers, and rainforests that are increasingly threatened by hurricanes
and tropical storms, such as Erika (2015) and Maria (2017), both of which caused extensive damage to the
island; devastating villages, homes, and roads. Erika resulted in $400 million of damages, equal to about
three-quarters of Dominica’s GDP. The CBI programme of Dominica, launched in 1993, provided a vital
source of funding to reconstruct housing and infrastructure and restore the tourism industry in the wake of
such disasters.

Since 2017, Dominica has spent over $200 million from CBI funds across various sectors to support climate
proofing infrastructure, disaster recovery, as well as long-term economic diversification. This expenditure
has had a critical impact on the country’s recovery from recent tropical storms. CBI accounted for more
than 40 per cent of Dominica’s 2018/19 public expenditure and continues to grow.

The most important benefit of CBI in Dominica has been its contributions to financing the construction
of public housing. CBI helped construct new, climate-resilient buildings inland. Following tropical storm
Maria, CBI helped the government reinvigorate tourism, supporting the construction of six new five-star
hotels, relocation of eco-friendly resorts inland, and updating of facilities. The country’s geothermal energy
programme is also partially funded by CBI. It will help reduce the cost of electricity for the hotel industry
and the average consumer, while reducing CO, emissions. CBI also funds the medical sector by sending
patients severely injured by storms abroad for advanced medical care when needed.

The 2019 CBI Index which scores CBI programmes according to seven criteria (freedom of movement,
standard of living, minimum investment outlay, mandatory travel or residence, citizenship timeline, ease of
processing, and due diligence), ranked Dominica first, closely followed by four other Caribbean countries.
Since several Caribbean SIDS have already introduced CBI, there may be an opportunity for them to share
experiences towards a CBI Code of Conduct'? for the region and beyond, towards enhancing adaptive
capacity, strengthening resilience, and reducing vulnerability to climate change.

an additional citizenship by making an economic
contribution, often in the form of a substantial
investment, to the country offering the programme.
While CBI has been introduced across regions with
various objectives, they are increasingly being used
by SIDS as a means to fund short-term recovery
from climate-induced natural disasters and long-
term transitions to climate-resilient, service-oriented
economies. Although earnings from CBI may be
volatile, they can provide much-needed financing
remedy in the absence of external funding options.
Box 10 provides a summary of SIDS’ experience
with CBI.

Investment instruments can be created to attract

the repatriation of funds from their diaspora
(citizens abroad) in infrastructure projects, including
adaptation projects. Ethiopiaissues bonds targeting
its diaspora community to provide investment
capital for the Ethiopian Electric Power Corporation
which are invested in sustainable power generation
and in projects to climate proof the energy sector.

Many developing countries authorize foreign
currency bank accounts to attract incoming
diaspora remittances and investment. These
funds help support countries’ international foreign
exchange reserve and ease balance of payments
difficulties. The widespread acquisition by banks of
new financial technologies also enables the transfer
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of remittances at marginal cost, and national
banks’ departures from correspondent banking
relationships. These actions can help promote trade
and financial inclusion, while enhancing growth in
export-oriented sectors.

e Funding from celebrities who are natives and/
or residents of their countries could provide well
needed financial support, especially if these
celebrities are interested in establishing foundations
that address climate change. Celebrities Rihanna
and Usain Bolt have attracted funding for climate
adaptation activities in Barbados and Jamaica
respectively.

e Climate change adaptation fees can be imposed
on international travellers arriving in a country
for tourism. Bhutan has recently instituted a
‘Sustainable Development Fee’ to be paid by
foreign visitors as a daily fee. Collected revenue are
used to support environmental objectives.

In view of the magnitude of the global adaptation gap
(Figure 10) and related difficulties to access adaptation
financing at the national level, any corollary methods

for countries to attract finance to adaption efforts
is valuable. Leveraging climate change mitigation
projects to support adaptation goals should thus
be explored wherever possible. Over the past two
decades, and at the current time, developing countries
have found it much easier to access international
public finance for climate change mitigation than for
adaptation. By proposing mitigation projects with
strong adaptation co-benefits, governments can
enhance their countries’ climate resilience.

Strengthening partnerships with multilateral lenders is
also important. There are many current and upcoming
international initiatives to alleviate the debt burden
of developing countries. Hurricane clauses are loans
that automatically postpone debt servicing in the
event of a major natural disaster. Debt-for-adaptation
or mitigation swaps reduce immediate debt burdens
from climate-related disasters and increase resources
targeted to climate-resilient development. Developing
countries can pool insurance risk. This has been
done by Caribbean countries through the Caribbean
Catastrophe Risk Insurance Facility.'
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9. PATHS TOWARDS
ECONOMIC AND TRADE
RESILIENCE

Looking at the big picture, climate change will have
different and complex effects on world markets and
trade due to climate induced changes in transportation
costs, competitiveness, sectoral comparative
advantages and trade policies. Trade patterns,
flows, and volumes will progressively change due to
future climate change impacts. Unless developing
countries enhance their trade resilience ex-ante
through adaptation measures and actions, they will
export substantially less in climate-sensitive sectors
ex-post as climate change impacts accumulate over
time. When adaptation is neither possible or cost-
effective, diversification within the sector, or economic
restructuring to move resources to other less climate-
sensitives sectors, can be pursued.

The relative net offset of negative — and in some
areas, positive — impacts of climate change between
countries will determine which countries will become
more competitive (OECD, 2017). A negative impact
on exports in one region will manifest itself as relative
positive impact in another less affected region. While
impacts on countries with a very diversified export
profile can be absorbed, most developing countries
with highly concentrated export profiles are likely to
be worse off unless they are able to offset negative
impacts through adaptation actions.

Each developing country will have to assess how
climate change will affect its competitiveness and
export capacity vis-a-vis countries and regions that
are competitors for the products it exports. The
changing landscape of demand and supply across
regions will result in terms-of-trade losses for some
countries and gains for others. At the same time, it
will require adaptation efforts by other countries
that had previously (before adverse climate change
impacts emerged) been competitively producing and
exporting products from climate-sensitive sectors
such as agriculture, fisheries, and tourism. Climate
change will also give rise to inverse trade effects
wherein developed countries will become exporters of
goods that they previously imported from developing
countries. However, because adverse impacts of
climate change on production will be more substantial
in developing countries than developed countries,
ceteris paribus, cases in which developing countries

will become exporters of climate sensitive goods that
they previously imported from developed countries are
not expected.

The ability of developing countries to maintain
productivity levels going forward will vary amongst
them. In agriculture, for example, those that have
limited arable land area will not have the option of
increasing cultivated land area to offset productivity
losses caused by climate change. Those that lack
topographies possessing higher altitude land areas
that can support the cultivation and grazing of
traditional crops and livestock, will not have the option
of relocating production activities to higher, cooler
grounds that can sustain production as lower elevation
land areas become unproductive. Additionally,
developing countries with scarce water supply will
not be able to increase irrigation levels in response
to rising temperatures and higher evapotranspiration
rates. Adaptation actions in other impacted sectors
will similarly have limitations, that vary, based on each
country’s geographical and environmental specificities.

Geographic information systems (GIS), satellite
imagery and related ICT technologies will be essential
tools in countries’ adaptation efforts. Together these
technologies can help to increase preparedness for,
and resilience to, climate change by enabling the
monitoring of climate change impacts and providing
guidance on adaptation actions. They can be used to
collect, store, and analyse realtime and historical data,
providing a platform for national experts to predict
climate variability and extreme climate events, and for
designing and simulating adaptation actions (Climate-
ADAPT, 2020). They can also help communities
to adapt to the impacts of climate change by, for
example, providing fishers with weekly maps of the
predicted density of fish at various offshore locations
so that they can better target and optimise fishing effort
(Geronimo et al., 2018), and by assisting farmers to
identify the best crop varieties to grow and optimising
how they are grown. For instance, scientists at the
International Center for Tropical Agriculture in Colombia
use weather and crop data collected from farmers
through a mobile phone application to understand the
impacts of climate change on rice yields. The Center’s
scientists then provide farmers with accurate, site-
specific forecasts and advice on the best rice varieties
to plant according to the specific conditions, which
reduces farmers’ losses and increases production
yields (ITU, 2020).
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5.1. Adapting to mitigation: the impact
of response measures

Importantly, it is not only the physical impacts of
climate change that will affect developing countries’
export profiles, but also the adverse impacts on
developing countries of response measures aimed at
mitigating climate change undertaken domestically,
and by other countries (Chan, 2016; Khor et al., 2017;
Bacchus, 2019).

Impacts of the implementation of response measures is
understood as the effects arising from the implementation
of mitigation policies, programmes, and actions, ‘in-
jurisdiction’, and ‘out-of-jurisdiction’ with cross-border
impacts, taken by Parties under the Convention, the
Kyoto Protocol, and the Paris Agreement to mitigate
climate change (UNFCCC, 2020b).

A country's own domestic, or ‘in-jurisdiction’
response measures, will have economic effects on its
consumers and producers. The elimination of national
subsides for fossil fuels would be an example of a
national response measure (aimed at reducing CO,
emissions to mitigate climate change) that would
raise the costs of production for products whose
production relies significantly on fossil fuel inputs.
In addition, without such subsidies consumers’
disposable incomes would also decline due to higher
relative costs for home heating and transportation
in their consumption budget. These effects could
reduce the competitiveness of producers’ exports,
and export levels, while also reducing import levels
of products experiencing lower consumer demand,
following the government’s elimination of fossil fuel
subsidies (Burniaux et al., 2011). The impact of a
national carbon tax would have qualitatively similar
impacts on trade (Chen and Guo, 2017).

As its exports and imports decrease slightly for
certain products due to the higher fuel costs borne
by domestic producers and consumers, fossil fuel
subsidy elimination and/or the introduction of carbon
taxes could have an impact on an implementing
country’s trade. By extension, due to relative changes
in producers’ competitiveness and consumer demand
levels arising from the introduction of these measures
in implementing countries, these measures could
‘indirectly’ affect the trade of other countries whether
they implement similar measures or not.

Furthermore, because transportation services are an
important input in international trade, transportation
services companies based in countries imposing

carbon taxes can be expected to raise fees for freight
transport. Higher freight transportation costs would
have an impact on both import and export volumes
of developing countries, particularly remote SIDS with
large distances to major world markets.

Response measures with more substantial ‘direct’
cross-border impacts are expected to be implemented
by some countries. For example, some countries
may introduce new product ‘climate standards’ that
must be met by imported products, or impose border
taxes on imported products based on the level of CO,
emissions associated with the products’ method of
production, and possibly also based on CO, emissions
associated with the transportation of products to the
importing market. The latter measures are referred
to as ‘border carbon adjustments’ or ‘border carbon
taxes’ (Condon and Ignaciuk, 2013).

When applied by a country with a national carbon tax
system, border carbon adjustment fees are imposed
on products imported from a country without a
national carbon tax system in order to ‘adjust’ the
price of the imported goods to be equal to those
produced domestically (assuming similar non-energy
related production costs). Importantly, the border
carbon adjustment fee would not applied to imported
goods originating from a country that has a national
carbon tax system.

The impacts on trade resulting from response
measures including fossil fuel subsidy elimination,
carbon taxes, climate standards, carbon border
adjustments, and others, cannot be generalized.
For any given configuration of measures and sets of
countries implementing them, modelling studies are
required to provide an indication of the direction and
magnitude of trade impacts likely to be experienced
by exporting countries on a sectoral basis.

Adjustments to the international trade regime may
partially offset the potential negative impacts of future
developed country response measures on developing
countries. They could include revising trade policies
and agreements so that the effective competitiveness
of affected countries and sectors can be enhanced, or
by offering time-limited exemptions to the imposition
of border carbon adjustment fees on imports from
developing countries. Further modelling results may
shed light on how trade policies and agreements that
can be designed to offset the adverse impacts of
developed country response measures on developing
country exporters..
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Figure 20. Factors affecting a developing country’s exports in a climate change world
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Note: The figure shows schematically the various climate change related forces (shown as arrows) affecting a
country’s exports. Red coloured forces have the potential to reduce production and exports and green
coloured forces can offset or mitigate these potential reductions.

The bottom-line message of the generalized picture
summarized above, is that it will be imperative for
developing countries to assess, sector by sector,
how climate change, and both their own and other
countries’ response measures, will affect their
production capacity and demand for their exports.
Figure 20 illustrates the climate change related factors
that will modulate developing countries’ production
capacity and export levels as climate change unfolds
over the coming decades.

It is immediately apparent from Figure 20 that the
only factors modulating exports that a country, on
its own, can independently influence its domestic
response measures and its domestic adaptation
actions. It cannot influence the physical impacts of
climate change. Nor can it determine other countries’
response measures, although its domestic mitigation
measures may affect how foreign response measures
will apply to its exports. For example, by implementing
a national carbon tax system its exports will be exempt
from border carbon fees imposed by other countries.
Additionally, through negotiations and agreements,

developing countries may influence future international
rules and disciplines on how foreign response
measure will be applied to their exports. The bottom
line emerging from a consideration of future climate-
related factors affecting trade, is that designing and
implementing effective domestic response measures
and adaptation actions will constitute a country’s
only approach to ensuring its economic and trade
resilience in a climate change world.

5.2. Adaptation actions

Chapter 2 enumerated the physical impacts of climate
change that are expected to impact production in the
agriculture, fisheries, and tourism sectors. As the scope
and extent of these impacts varies considerable from
one country to another, only through a national multi-
stakeholder process can these impacts be assessed,
financing needs estimated, and adaptation actions
formulated. An illustrative list of selected generalized
adaptation actions that may need to be effected in the
agriculture, fisheries, and tourism sectors is provided
in Table 2.
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Table 2. Potential adaptation actions for agriculture, fisheries and tourism

Adaptation action

Modify/improve methods of irrigation, fertilization, and management of pests and diseases °

Modify/improve crops selected for cultivation, planting/harvesting practices °

Modify/improve planting periods/seasons, co-cropping practices, crop rotation practices, irrigation practices °

Modify/adapt crop/fish storage and transportation practices ° o

Adopt methods to retain soil moisture °

Climate- and storm-proof water delivery and storm water drainage systems o o °
Erect wind barriers and shading structures for protection from high winds and extensive sunlight ° °
Increase supply of freshwater resources by accessing new geological supplies and through demand-side . .
management

Raise producer and consumer preferences for novel agricultural and fisheries varieties and species which . . .
can be more productively produced/sourced in a climate change impacted environment

Improve fishing practices to make them more sustainable, selective, and multispecies sourcing o °
Adapt/replace fishing vessels for increased fishing effort, distances, and times at sea °

Equip fishing vessels with advanced navigation, location, and radar systems to enhance catch efficiency o
Gradually shift economic activity from wild catch fisheries to sustainable mariculture, aquaculture, and R .
value-added fish processing, as well as other climate proof activities

Climate- and storm-proof energy, water, and telecommunications infrastructure ° ° °
Climate- and storm-proof seaports, airports, and land-based transportation infrastructure ° o °
Erect/upgrade seawalls o o o
Restore/establish coastal mangrove forests for sea-surge protection . . °
Develop/enhance weather services and early warning systems for high wind, storm, drought, forest fire, . . .
and flooding events

Use climate forecasting to reduce production risks ° o

Use selective breeding methods for increased yield and resilience o o

Develop and commercialize risk and natural disaster insurance instruments for producers ° o °
Provide producers with compensation for impacts through facilities offered by governments and cooperatives ° o °
Diversify producers’ livelihood portfolios ° U o
Relocate coastal tourism facilities to inland, higher ground locations o
Climate- and storm-proof tourism buildings, including by retrofitting °

Sources: (IPCC, 2014; Howden et al., 2007; Shelton, 2014).

The potential adaptation actions presented in Table 2
vary significantly in terms of their scope, depth, time
to implement, and cost. When assessing and planning
adaptation actions, consideration must be given to
the temporal dimensions of when the impacts will be
experienced by producers; costs of specific actions;
estimates of when financing will become available

for their implementation; and timeframes for their
implementation. Such an analysis will allow national
stakeholders to elaborate a balanced adaptation
action plan that comprises an effective set of short-
and long-term measures. Figure 21 shows the
temporal dimension for an adaptation action plan that
includes incremental, planned, and transformational
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Figure 21. The temporal dimension of adaptation action implementation

Source: Helvetas, 2015; Smith et al., 2011.

adaptation actions. Stakeholders should map out
the temporal dimension of their selected adaptation
actions to ensure not only that adequate resources
will be available for their phased implementation over
time, but that they will also be, inter-alia, effective,
compatible, and consistent.

5.3. Diversification actions

As developing countries elaborate adaptation actions
required to support future production and exports,
limits in ambition will quickly be encountered due to
financing constraints. It may be too costly to completely
climate proof a productive sector, particularly highly
climate-sensitive sectors such as agriculture, fisheries,
and tourism. Diversification should be considered in
such cases. Developing countries can explore options
to diversify within sectors, and into new sectors, where
their comparative advantage is expected to increase
vis-a-vis competitors in the presence of future climate
impacts.

Even if primary production in the agriculture and
fisheries sectors experience climate-related declines,
transitioning from exports of primary products to
higher-value added downstream products can
maintain sectoral employment and revenue levels,

and the overall value of sectoral exports even as
primary productivity declines. In tourism, developing
countries can compensate for the declining numbers
of recreational tourists by diversifying their offerings
into ecotourism and cultural tourism as they face
increasing competition from destinations that become
more attractive for recreational tourism due to their
more favorable weather conditions. Sector specific
considerations for adaptive diversification in the
agriculture, fisheries, and tourism sectors are briefly
discussed below.

Diversification of agricultural activity entails entering
higher value-added segments within the food and
agriculture sectors, or retraining the agricultural
workforce to move workers into other less climate-
sensitive sectors. Partial to full resilience of exports
to climate change depends on sectoral adaptation
of production, for example through new and better
production methods, switching cultivation to better
adapted agricultural crops and species, relocating
traditional crop cultivation zones, introducing new
livestock species or breeds better suited to future
climatic conditions, relocating grazing zones,
increasing value added in commodities based
exports, adopting more efficient irrigation systems,
and improving water resource management.
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For many developing countries, the product complexity
of agricultural exports remains low and climate change
will increasingly compel producers to increase value-
added production in the sector in order to maintain
income levels. The spectrum of diversification options
in agriculture is wide, extending deep into the food,
beverage, healthcare products, and textiles sectors.
Country stakeholders need to better understand
the cost, benefits, and limitations of various options
to inform sectoral decisions (Carleton and Hsiang,
2016). Economic valuations that provide quantitative
information on returns on investment in value-added
processing often rely on broad estimates, which makes
it difficult to optimize the priority, timing, and cost of
sectoral diversification options. Hence countries must
undertake self-assessments that provide foresight on
how agricultural investments made today are likely to
affect diversification outcomes in the future.

In fisheries-dependent developing countries, product
diversification is possible within the realm of the blue
economy. When countries can no longer maintain
catch levels and become forced to rely on less fish,
they can maintain sectoral production and employment
levels by developing value-added downstream fish
products. For example, fish-based ornaments and
healthcare products can increase the value extracted
per tonne of fish, while also supporting tourism.
Sustainable multispecies mariculture will provide
an opportunity to offset the growing gap between
increasing food demand and lower catch levels.
At the same time, to maintain wild capture fishery
operations and optimize their future performance, it
will be critical improve technical capacity, follow best
practices, introduce sound regulation, make financing
more available to producers, and improve fish stock
management (Gaines et al., 2019).

Changing climatic conditions will affect tourism activity.
Given the vulnerability of ‘sea, sand, and sun’ tourism to
rising temperatures, sea level rise, and tropical storms,
diversified tourism themes need to be developed.
Options to be considered include ecotourism, cultural

tourism, retirement tourism, wellness tourism, and
medical tourism, among others. Agrotourism and
recreational fishing tourism are other options that
can yield double dividends by diversifying incomes
for farmers and fishers impacted by climate change.
When diversifying, tourism stakeholders should
calibrate marketing efforts so that they consider the
impact of geographic, climatic, and cultural distance
on tourists’ propensity to visit, their length of stay, and
their expenditure levels (Jackman, 2020).

Diversification efforts also need to include a market
diversification component for both goods and
services exports. For goods this can take the form
of expanding the portfolio of products shipped to
major trading partners. If the exporting country has
an indispensable product offering, it is more likely
that their trading partner will remain accessible at a
low cost with favorable trade preferences. Broadening
and/or refocusing the spectrum of export markets
can also be advantageous, redirecting exports to new
markets where value-added production is in greatest
demand. Additionally, there may be possibilities to
diversify into sectors where comparative advantage is
expected to increase relative to competitors due to
future climate impacts. For tourism services, when
demand from traditional source markets declines,
new source markets should be explored. Particular
consideration should be given to emerging developing
countries as potential new tourism sourcing market
opportunities.

Each country will have a unique trade-climate
resilience pathway. In very general terms, this chapter
identified potential pathways for developing countries
to enhance their trade and economic resilience in
sectors adversely impacted by climate change. Any
national effort to strengthen trade-climate resilience
will require a national stakeholder process to: assess
the expected physical impacts of climate change and
potential response policies, infer sectoral impacts, and
develop and implement effective adaptation actions.
This national process is illustrated schematically in
Figure 22.
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Figure 22. Path to trade-climate resilience
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Notes
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The main greenhouse gases responsible for climate change are carbon dioxide (CO,), methane (CH,),
nitrous oxide (N,0), and fluorinated gases. The atmospheric concentrations of these gases increase in step
with their continued emission from anthropogenic sources.

The full set of reports are available at https://www.ipcc.ch/assessment-report/arb/.

The IPCC publishes modelling results that are calculated from an average of over 20 different independent
models run by climate research groups throughout the world. The results presented in this report derive from
the IPCC Coupled Model Intercomparison Project Phase 5 (CMIP5) that are published by the IPCC in its 5th
Assessment Report.

The RCPs — RCP 2.6, RCP 4.5, RCP 6, and RCP 8 .5 — are labelled according to the radiative forcing
value in W/m? of CO, equivalent GHG concentrations resulting in the year 2100 for each RCP development
path. Radiative forcing is a quantitative measure of the capacity of the atmosphere to retain energy in the
atmosphere.

The United Nations, including UNCTAD, classify ‘tourism sector’ trade within a travel and transport
classification (see note of Figure 11), whereas the WTTC classifies the ‘tourism sector’ more accurately in
terms of travel and tourism. While these classifications and their scope differ, both provide a measure of
economic activity for the overall tourism sector.

FAO data (2019), Distribution of motorized fishing vessels by region, 2018.

See definitions, pp. 19, of WTTC, 2020.

Calculated from nationally reported international tourism receipts as expenditures by international inbound
visitors, including payments to national carriers for international transport.

Figures reported by the OECD as international public climate finance aggregate funds from the Green
Climate Fund (GCF), the Adaptation Fund, Climate Investment Funds (CIFs), Global Environment Facility
(GEF), Nordic Development Fund (NDF), and multilateral public climate finance that covers climate-related
commitments by multilateral development banks (MDBs), multilateral climate funds, as well as other
multilateral organizations.

www.adaptation-fund.org.

www.un.org/ldcportal/least-developed-countries-fund-Idcf/.

www.cbiindex.com.

www.ccrif.org.
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