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Foreword
Ministry of Environment

Through the publications of Lebanon’s Initial and Second
National Communications to the United Nations Framework
Convention on Climate Change, and the Technology Needs
Assessment for Climate Change, the Ministry of Environment
drew the large climate change picture in the country. The
picture shed the light on a number of climate change
matters: Lebanon’s contribution to global greenhouse gas
emissions, the sectoral share of national emissions, the
socio-economic and environmental risks that the country
faces as a result of climate change, and the potential
actions that could and should be undertaken to fight
climate change both in terms of mitigation and adaptation.

In the present report, an element of Lebanon’s Third National
Communication, the Ministry of Environment is digging deeper
into the analysis to better understand some of the economic
costs of negative climate change impacts in Lebanon.

The technical findings presented in this report will support policy makers in visualizing Lebanon'’s
economy under a changing climate and therefore making informed decisions. The findings will
also help academics in orienting their research towards bridging research gaps. Finally, they
will increase public awareness on climate change and its relation to each sector. In addition,
the present technical work complements the strategic work of the National Climate Change
Coordination Committee. This Committee has been bringing together representatives from
public, private and non-governmental institutions to merge efforts and promote comprehensive
planning approach to optimize climate action.

We are committed to be a part of the global fight against climate change. And one of the
important tools to do so is improving our national knowledge on the matter and building our
development and environmental policies on solid ground.

Mohamad Al Mashnouk

Minister of Environment



Foreword
United Nations Development Programme

Climate change is one of the greatest challenges of our time; it
requires immediate attention as it is already having discernible
and worsening effects on communities everywhere, including
Lebanon. The poorest and most vulnerable populations of the
world are most likely to face the harshest impact and suffer
disproportionately from the negative effects of climate change.

The right mix of policies, skills, and incentives can influence
behaviour and encourage investments in climate development-
friendly activities. There are many things we can do now, with
existing technologies and approaches, to address it.

To facilitate this, UNDP enhances the capacity of countries to
formulate, finance and implement national and sub-national
plans that align climate management efforts with development
goals and that promote synergies between the two.

In Lebanon, projects on Climate Change were initiated in partnership with the Ministry of
Environment from the early 2000s. UNDP has been a key partner in assisting Lebanon to
assess its greenhouse gas emissions and duly reporting to the UN Framework Convention on
Climate Change. With the generous support of numerous donors, projects have also analysed
the impact of climate change on Lebanon's environment and economy in order to prioritise
interventions and integrate climate action into the national agenda. UNDP has also implemented
interventions on the ground not only to mitigate the effects of climate change but also to protect
local communities from its impact.

This series of publications records the progress of several climate-related activities led by the
Ministry of Environment which UNDP Lebanon has managed and supported during the past few
years. These reports provide Lebanon with a technically sound solid basis for designing climate-
related actions, and support the integration of climate change considerations into relevant
social, economic and environmental policies.

Ross Mountain
UNDP Resident Representative



Prologue

The Intergovernmental Panel on Climate Change (IPCC) and other scientific bodies have
documented the effects of human-caused emissions of carbon dioxide and other greenhouse
gases (GHGs). These effects include changes in climate: increasing average temperature, more
extreme weather events, rising sea level, and ocean acidification, as well as resultant changes
in ecosystems, species, human systems, and other aspects of life on Earth. They also have
forecasted future emissions and their impacts under different scenarios that reflect different
assumptions about the extent to which humans rein-in the behaviors underlying the emissions.
This report describes the potential economic costs that the households, businesses,
communities, and government of Lebanon might incur over the next several decades if they and
their counterparts around the world continue to behave in a business-as-usual manner, so that
the emissions of carbon dioxide and other greenhouse gases would continue to grow at rates
similar to those seen in recent years. It also recommends general steps the Lebanese people,
businesses, communities, and government might take to prepare for changes in climate and
reduce their vulnerability to the negative effects of GHG emissions.

This report Is made available as a stand-alone document and as the chapter on “Vulnerability
and Adaptation” in Lebanon’s Third National Communication (TNC) to the United Nations
Framework Convention on Climate Change (UNFCCC).

For more information, please contact:

Climate Change Office Ernie Niemi, President
United Nations Development Programme Natural Resource Economics
Ministry of Environment ernie.niemi@nreconomics.com

climatechange@moe.gov.lb
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Summary for policymakers

I. Climate change will impose costs on Lebanon directly, via heat waves, droughts, storms,
etc., and indirectly, via slower economic growth

Changes in climate stem from global emissions of carbon dioxide (CO,) and other greenhouse
gases (GHGs) (IPCC 2013b). Figure i shows the trajectory of global GHG emissions expected
through 2100 under the highest-emissions scenario (called RCP8.5) and the lowest-emissions
scenario (RCP2.6) projected by the Intergovernmental Panel on Climate Change (IPCC). Figure i
shows the accompanying expected changes in the global average surface temperature. Under
the highest-emissions scenario, which represents a continuation of current trends, temperatures
would increase on a near-linear trajectory throughout the century. With the lowest-emissions
scenario, they would increase through the middle of the century and then level off. Average
surface temperatures in 2081-2100 would exceed those that prevailed in 1986-2006 by about
4—6°C under RCP8.5, and 2°C under RCP2.6 (IPCC 2014; p. 10). These temperature increases
would add to an increase of 0.61°C observed between 1850—1900 and 1986—2005 (IPCC,
2013b; p. 5).
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Figurei.Actual GHG emissions, 2000 and 2010, and projected emissions under
RCP8.5 and RCP2.6, 2020-2100

Source | RCP Database (2015) and Myrhe et al. (2013; p. 714)
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Figure ii. Observed changes in annual average surface temperature, 1950—2010, and projections
under RCP8.5 and RCP2.6, 2020-2100.

Source | IPCC (2013; p. 21)

If current trends in GHG emissions continue, anticipated changes in climate likely would impose
economic costs on Lebanon both directly and indirectly, as shown in Figure iii. Direct costs
would materialize as higher temperatures, changes in precipitation, and extreme weather events,
such as storms, reduce agricultural productivity, adversely affect human health, cause flooding,
and impose similar damage on different segments of Lebanon’s economy and society. Indirect
costs would materialize as the direct costs slow the country's economic growth. The slower
growth would reduce Lebanon’'s Gross Domestic Product (GDP) and lower business activity.
These effects, in turn, would lower incomes for workers and households and cause government
to experience lower revenues and higher costs.

Climate Change

Direct Economic Damage

- Environmental disasters
=P - Habitat change

- Disease, injury, death

- Industry stress

!

Forgone GDP

- Slower economic growth

- Lower business activity

- Lower incomes

Global GHG - Government: Lower revenue

Emissions & higher costs

Figure iii. Climate change will impose costs on Lebanon by
generating direct economic damage and slowing growth in GDP

This report describes the different ways in which future changes in climate might impose
costs on Lebanon. It also calculates the general magnitude of some of these costs, drawing on

currently available, relevant information.



Il. Total costs might equal USD 1,900 million in 2020, rising to USD 138,900 million in 2080

Table i and Figure iv summarize the expected costs Lebanon would experience in 2020, 2040,
and 2080 from the cumulative effects of global GHG emissions between 2015 and each of
those years under the IPCC's highest-emissions scenario. The top line shows the expected
damage in each year from the direct impacts of higher temperatures and other changes in
climate on agricultural productivity, human health, flooding, ecosystem productivity, etc. This
damage would impose costs on Lebanon of about USD 320 million in 2020, USD 2,800 million
in 2040, and USD 23,200 million in 2080.

The analysis underlying the second line recognizes that, over time, these direct impacts would
slow the growth of Lebanon’s economy, measured as Gross Domestic Product (GDP). If current
trends continue, global GHG emissions between 2015 and 2020 would reduce Lebanon’'s GDP
by about USD 1,600 million, or 3%. This forgone GDP would constitute a real cost, or reduction
in economic wellbeing for Lebanon’s households, businesses, and government. If current trends
continue to 2040 and 2080, Lebanon would experience reductions in GDP of USD 14,100 million
(14%) in 2040, and USD 115,700 million (32%) in 2080.

The sum of the direct-damage costs and the forgone GDP equals the expected total estimated
costs that global emissions in 2015 and beyond would impose on Lebanon, if current trends
continue. The analysis indicates total costs of about USD 1,900 million in 2020, USD 16,900
million in 2040, and USD 138,900 million in 2080. These total amounts, divided by the expected
number of households indicates an average cost per household of: USD 1,500 in 2020, USD
13,1700 in 2040, and USD 107,200 in 2080. If the government's current role in the economy
remains unchanged, it would bear about USD 610 million of the total cost in 2020, USD 5,400
million in 2040, and USD 44,300 million in 2080.

Table i: Potential costs in 2020, 2040, and 2080 from the cumulative effects of global GHG emissions in 2015 and
subsequent years (2015 USD)

Potential costs 2020 2040 2080
Eérsgégg?%?l'|iiigage from drought, etc. in USD 320 USD2800  USD 23200
Forgone GDP in Lebanon (millions) UsSD 1,600 USD 14,100 USD 115,700
Percentage reduction in GDP 3% 14% 32%
Total cost to Lebanon (millions) USD 1,9002 USD 16,900 USD 138,900
Average cost per household in Lebanon USD 1,500 USD 13,100 USD 107,200
Government's share (millions) USD 610 USD 5,400 USD 44,300

Numbers reflect the rounding rules described in the Introduction.

@Because of rounding, the total, USD 1,900 million differs slightly from the sum of USD 320 million and USD 1,600 million.

®



160
140
120
100

80
60 = Forgone GDP

= Direct Damage

Billion USD

40
20

0 171 X

2020 2040 2080

Figure iv. Potential costs to Lebanon from the cumulative effects of global GHG emissions
in 2015 and subsequent years

The direct-damage costs and reduced GDP would reduce annual income for households
throughout Lebanon. Rural households generally would experience larger percentage reductions
than urban households. Farm households, though, would experience somewhat smaller
reductions than their rural nonfarm counterparts, especially those receiving higher prices for
their crops or livestock. For both rural and urban households, those with higher levels of income
generally would experience smaller reductions.

lll. Lebanon would experience smaller costs if global GHG emissions grow more slowly

Table iiand Figure v compare the costs to Lebanon that would result from global GHG emissions
in 2020, 2040, and 2080 under the IPCC's highest- and lowest-emissions scenarios. In each
case, the costs would materialize as a stream of annual costs in the decades following each of
these years. To facilitate measurement of the costs from each year's emissions, the analysis
converts the stream of expected costs to an equivalent single number. This number, which
economists call the present value of the stream of costs, is measured in the year in which the
emissions would occur: 2020, 2040, and 2080.

The top section of Table ii shows the costs under the highest-emissions scenario. The stream of
annual costs resulting from global GHG emissions in 2020 would have a present value of USD
3,600 million. The resulting reductions in GDP would have a present value of USD 17,600 million.
The sum of these two values, USD 21,200 million, represents an average per household of USD
16,400. If the government's current role in the economy remains unchanged, the present value
of its stream of costs would be about USD 6,800 million.

The bottom section of Table ii shows what the costs would be if meaningful actions were
taken to reduce global emissions to those in the IPCC's lowest-emissions scenario. Under this
scenario, the present value of the stream of annual costs resulting from emissions in 2020
would total about USD 15,200 million. Relative to the highest-emissions scenario, this scenario
would reduce total costs by about USD 6,000 million, or 28%. By 2080, this scenario would
reduce total costs by USD 918,400 million, or 91%.
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Table ii: Present value of economic costs that global GHG emissions in 2020, 2040, and 2080 would impose on
Lebanon, under the highest- and lowest-emissions scenarios (2015 USD)

2020 2040 2080

A. Potential costs if global emissions follow the IPCC's highest-emissions scenario
(current trends)

Total cost (millions) USD 21,200 USD 80,700 USD 1,009,700
Average per household USD 16,400 USD 57,300 USD 721,900
Government's share (millions) USD 6,800 USD 25,800 USD 322,000

B. Potential costs if global emissions follow the IPCC’s lowest-emissions scenario

Total cost (millions) USD 15,200 USD 30,800 USD 91,300
Average per household USD 11,700 USD 21,900 USD 65,200
Government's share (millions) USD 4,800 USD 9,800 USD 29,100

C. Potential savings from reducing global emissions to the lowest-emissions scenario

Potential savings (millions) USD 6,000 USD 49,900 USD 918,400

Potential savings (percentage) 28 62 91

Numbers reflect the rounding rules described in the Introduction.
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Figure v. Comparison of potential costs to Lebanon from global GHG emissions in
2020, 2040, and 2080 under the IPCC's highest- and lowest-emissions scenarios



IV. Climate change will impose costs across all segments of Lebanon’s economy and society

Climate change will impose costs on every person, family, farm, business, community and
region of Lebanon. Table iii and Figure vi summarize the costs for segments of the economy
and society for which relevant data exist. In general, the estimate of costs for each segment has
a distinct foundation assembled from an appropriate data set or past study. Some overlap may
exist between the studies and data underlying different analyses, however. To avoid potential
double-counting, readers are cautioned not to add different categories of costs without reviewing
the calculations and checking to see if overlap exists.

Figure vi presents a graphic representation of the potential costs in 2020. The graph makes
clear that potential impacts on human health pose the greatest risks. Costs associated with
potential increases in the risk of death—from heat stress, malnutrition, diarrhea, malaria, floods,
and cardiovascular disease—total USD 47,200 million (equivalent to USD 47.2 billion). Costs
associated with potential increases in illness and disability—from the same climate-related
factors—total USD 177,900 million.

Other major costs might materialize through the impacts of climate change on Lebanon's
agricultural productionandthe prices Lebanese consumers pay for food. Reductionsin Lebanon’s
overall agricultural production—resulting from higher temperatures, changes in precipitation,
Increases on soil aridity, etc.—would reduce Lebanon's overall GDP by about USD 300 million in
2020. If current trends continue, potential increases in global food prices might impose costs of
USD 470 million on Lebanese consumers by raising the prices they pay for food and, because of
the higher prices, inducing them to consume less food.



Table iii:Costs that climate change might impose on different segments of Lebanon's economy and society (mil-

lion 2015 USD)

Potential cost 2020 2040 2080
A. Costs from impacts of climate change on agriculture and food supplies
1. Reductions in Lebanon'’s agricultural production USD 300 USD 860 USD 2,300
2. Reductions in production of wheat and maize Usb 10 usb 17 USD 28
3. Reductions in fish harvest USD 13 USD 32 USD 32
4. Increases in global food prices USD 470 UsSD 1,700 USD 5,000
B. Costs from impacts of climate change on water
1. E%iii:ii;n;;?eargsrﬁ)ﬁ;raI and domestic / USD 21 USD 320 USD 1.200
2. Ejéj%(;ﬁf;?igtyater supply for generation of USD 3 USD 31 USD 110
C. Costs from climate-related natural disasters
1. Isrlg?nasses in droughts, floods/landslides, and USD 7 USD 36 USD 1,600
D. Costs from impacts of climate change on tourism
1. Eg;j:t(;tli(r)enssoigrg’étsractiveness of Lebanon's USD 22 USD 160 USD 1,800
E. Costs from impacts of climate change on electricity consumption
1. Increases in demand for cooling USD 110 USD 900  USD 34,800
F. Costs from impacts of climate change on human health
1. Increases in risk of death USD 47,200 USD 54,700 USD 61,400
2. Increases in risk of illness and disability USD 177,900 USD 194,300 USD 191,500
G. Costs from impacts of climate change on ecosystems
1. Reductions in biodiversity USD 62 USD 150 USD 330
2. Increases in land degradation USD 29 USD 78 UsSD 170
3. Increases in sea level USD 59 USD 140 USD 320
H. Costs from impacts of climate change on society
1. Increases in violence from higher temperatures USD 38 USD 840 USD 8,600
2. Sterggsctions in workers' productivity from heat USD 43 USD 160 USD 1,400
* tsctons norers ooty o v uos usoz
4. Increases in internal migration USD 57 USD 130 USD 320

Numbers reflect the rounding rules described in the Introduction.
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V. Climate change will impose costs across all segments of Lebanon’s economy and society

It is important to note that the findings reported in this report do not provide a comprehensive
picture of the economic costs that changes in climate resulting from global GHG emissions
might impose on Lebanon. In particular, limitations in the currently available data, models, and
other information prevent the report from quantifying all types of potential costs. It does not, for
example, quantify costs associated with increases in poverty and the marginalization of some
women and minority groups that might result from changes in climate. The absence of monetized
estimates for some types of costs does not mean they are necessarily inconsequential, or even
less important than those that can be measured in monetary terms. Instead, this absence means
only that there currently exists insufficient information to support reliable monetary estimates.
On-going climate-related research likely will yield enough information to support monetized
estimates in the foreseeable future for at least some of the omitted costs. Thus, all else equal,
one should expect that, under the highest-emissions scenario, the actual costs that climate
change imposes on Lebanon will exceed the amounts shown, and that future efforts to replicate
this analysis will yield a more complete set of estimates than those shown herein.

In addition, the report does not consider the costs that would materialize if, relative to the
assumptions embedded in the analyses included in this report:

- Global GHG emissions increase more rapidly.

- GHG emissions have a greater impact on climate.

- Changes in climate have a greater impact on ecological, economic, and social systems.
- Society places higher value on changes in these systems.

The analytical findings presented clarify Lebanon’s vulnerability to climate change. They show
the overall scale of the vulnerability if current trends in global GHG emissions continue, and the
potential savings from curtailing emissions. They also show, in economic terms, the potential
magnitude of the risks facing different segments of the economy and society.

VI. Lebanon might avoid some climate change costs by decreasing vulnerability and increasing
resilience

This report does not investigate alternatives for reducing the costs climate change will impose
on Lebanon, but it sets the stage for such an effort. The analyses of economic costs can provide
a useful basis for a better understanding of the risks to different types of capital: human, natural,
built, social, and cultural. Reducing costs will require reducing the vulnerability of each type of
capital to climate-related risks.

Table iv illustrates actions that might be appropriate for lowering the potential impacts of global
GHG emissions on Lebanon's capital stock. Some of these actions would involve developing a
better and broader understanding of potential changes in climate and how they might affect the
different types of capital. Some would entail taking steps to diminish or even block a particular
type of riskto a specific asset. Forexample, a household, business, community, or the government
might reinforce an existing or planned building against potential storms or increase its capacity
to store water for emergency use should a storm occur. Education and training programs might
be altered to include sections on risk-management. Providing information about potentially
appropriate individual and collective actions for reducing the risk might reduce the vulnerability
of households, businesses, and communities.

®



Table iv: Adaptive approaches for reducing the costs climate change will impose on Lebanon

Approach

Illustrative actions

1. Strengthen human capital

- Improve individual awareness of climate-related risks.

- Improve education, nutrition, health, etc.

- Reduce marginalization of women and others.

- Reduce number of people in poverty.

- Diversify economic skills and activities.

- Strengthen resilience skills for responding to climate-
related stresses that will occur.

2. Conserve natural capital

- Reduce non-climate stressors on ecosystems.

- Conserve wetlands, soils, aquifers, and other core
resources.

- Implement ecosystem- and community-based
management of natural resources.

- Reduce risks of species extinction and loss of habitat.

- Strengthen ecosystems’ resilience to climate-related
stresses that will occur.

3. Reduce vulnerability of physical
capital

- Improve community understanding and awareness of
climate risks, in general and to specific types of built
capital.

- Withdraw development from high-risk areas, such as
floodplains.

- Reinforce housing and work places against climate risks,
such as storms.

- Reduce risk of impairment of essential infrastructure:
communication, transportation, water, wastewater,
healthcare, electricity, etc.

- Strengthen resilience of essential infrastructure to climate-
related stresses that will occur.

4. Strengthen social capital

- Improve community understanding and awareness of
climate risks, in general and to specific institutions and
human relationships.

- Improve adaptation plans and disaster-risk management
systems.

- Reduce risk of impairment of essential services.

- Encourage development of and participation in insurance
programs.

- Improve access to information, finance, and technology.

- Strengthen resilience of social systems to climate-related
stresses that will occur.

5. Strengthen cultural capital

- Improve community understanding and awareness of
climate risks to culturally important resources and
activities.

- Reduce risk to heritage sites and other cultural resources
important to different cultural groups and communities
(rural and urban).

- Strengthen resilience of cultural capital to climate-related
stresses that will occur.

Source | Adapted from IPCC (2014; p. 27)



It is iImportant to recognize that, although Lebanon might be able to reduce its vulnerability to
climate-related risks, it cannot avoid them entirely. Global GHG emissions will, inevitably, have
adverse effects on Lebanon's households, businesses, communities, and government. Hence,
efforts to reduce the costs that these emissions impose on Lebanon should include elements
that increase the ability of households, businesses, communities, and the government to
respond to and recover from changes in climate. In other words, adaptive actions should focus
not just on reducing vulnerability to climate-related risks but also on strengthening resilience to
adverse events when they occur.

Effective planning and implementation of risk-management strategies to reduce vulnerability
and increase resilience will require:

- Involvement by all stakeholders and institutions, with respectful recognition of their diverse
circumstances, interests, resources, adaptability, and decision-making processes.

- Cooperative efforts at all spatial, institutional, communal, and governmental levels.
- Response to concerns about both the efficiency and the equity of risk-management actions.

-Recognition that, although some climate-related risks involve abrupt, severe events, such
as extreme weather, others do not. Gradual increases in average annual temperature, for
example, might, over time, affect the wellbeing of workers and families as much or more
than extreme storms and heat waves.

- Application of the principles of risk-assessment and-management. These include assessing
and taking actions to reduce risks in the context of clear objectives, considering the full range
of probabilities and undesirable outcomes, using the best available information, considering
both systemic and direct risks, and making transparent decisions.

- Use of both incentives and requirements to encourage risk-reducing behaviors. Incentives
might involve market-based structures and tools, when appropriate, and recognize that
alternatives may be required when significant market failures are present.

- Utilization of risk-oriented financial tools, such as appropriately scaled insurance, risk pooling,
and access to financial resources during and after climate emergencies.
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1. Introduction

Extensive evidence shows that changes in climate stemming from emissions of carbon dioxide
(CO,) and other Greenhouse Gases (GHGs) already impose economic costs on Lebanon's
households, businesses, communities, and government (DARA and Climate Vulnerable Forum,
2012). For example, higher temperatures erode the health of children and the elderly, reduce the
productivity of workers exposed to the heat, and reduce the productivity of crops. Reductions
in water supplies diminish the wellbeing of water users throughout Lebanon. Changes in
ecosystems impair their ability to provide valuable goods and services. Research also predicts
more severe changes in climate—and costs for Lebanon—will occur in the future (IPCC, 2013b
and IPCC, 2014).

This report quantifies many of these potential costs. To do so, it knits together information
from the best available sources of data and most recent research. The results offer general
calculations of the costs Lebanon's households, businesses, communities, and government
might expect in 2020, 2040, and 2080. It also includes a summary discussion of approaches
and principles that might be appropriate for reducing Lebanon's vulnerability to changes in
climate and for strengthening its ability to respond to changes in a resilient, positive manner.
Thus, it provides a foundation for better understanding the importance of making decisions—
globally, nationally, and locally—to reduce GHG emissions and to prepare for changes in climate
that cannot be avoided.

Structure of this report

Presentation of the analysis occurs in these sections:

- Section 2 presents the conceptual framework for the analysis. It gives an overview of
anticipated changes in climate resulting from global GHG emissions, ways in which these
changes in climate might impose costs on Lebanon, and a summary of the analytical
approach used to calculate some of these costs.

- Section 3 quantifies the overall climate-related economic costs in 2020, 2040, 2080
resulting from past GHG emissions and from the anticipated emissions in each of those
years if recent trends in emissions continue.

- Section 4 quantifies several distinct types of cost that anticipated changes in climate
would impose on Lebanon in 2020, 2040, and 2080.

- Section 5 discusses approaches Lebanon’s households, businesses, communities or
government might take to prepare for and reduce the costs of anticipated changes in
climate.

- Annexes: Annex | identifies stakeholders who participated in a consultation workshop
held in Beirut in March 2015. Annex |l summarizes calculations associated with three
variables that lie at the core of the analysis: Lebanon's potential population, number of
households, and temperature in 2020, 2040, and 2080. Annex |1l quantifies some potential
costs from activities within Lebanon that contribute to climate change. Finally Annex IV
presents some frequently asked questions related to this report.



Presentation format

The presentation of each type of cost follows this format:

Description: A brief explanation of the cost and how it is expected to materialize.

Results: A short discussion of the analytical results plus a table presenting the expected costs
to Lebanon in 2020, 2040, and 2080. To facilitate the presentation, all costs are measured in
2015 USD millions. Sometimes, however, the text describing the costs may refer to those larger
than USD 1,000 in the equivalent, billion-USD terms. Thus, a cost of USD 1,200 million is the
same as USD 1.2 billion.

Assumptions, data, and calculation: A stepwise explanation of the analytical steps that were
taken to complete the calculation of the results. This section also explains all assumptions and
data used in the calculation.

Discussion: A brief summary of the context for understanding the calculation and results. As
appropriate, this section identifies key factors that will likely influence the actual costs and
explains reasons for anticipating that they will turn out to be higher. This information is intended
to indicate ways in which the economic risk to Lebanon from climate change might be greater
than shown by the cost estimates.

Uncertainty and rounding: Readers are encouraged to bear in mind that the costs shown in this
report are estimates of the costs that global GHG emissions might impose on Lebanon. Each
cost estimate embodies uncertainty about multiple factors: how the emissions will affect the
climate, how the changing climate will affect ecosystems and socio-economic systems, how
these effects will reduce the value of goods and services available to Lebanon's households,
businesses, and government. Because of this uncertainty, it is impossible to estimate each
cost with absolute precision. Instead, costs are approximated through the use of rounding. The
rounding rules are:

When an analysis indicates a cost is: The report rounds it to:
USD 1,000 million or higher The nearest USD 100 million
Smaller than USD 1,000 million but larger that USD 99 million The nearest USD 10 million
Smaller than USD 100 million but larger than 1 million The nearest USD 1 million
Smaller than USD 1 million but larger than 999 The nearest USD 1 hundred
Smaller than USD 1,000 The nearest USD 10

These rounding rules are intended to communicate to readers the existence of uncertainty in a
systematic manner. They are not intended to indicate the magnitude of the uncertainty associated
with each cost estimate.



2.

Conceptual framework

This section offers a short overview of human-caused climate change, and describes the ways
in which future changes in climate might impose economic costs on Lebanon. It also explains
the general analytical assumptions and approach used in the subsequent sections to estimate
the monetary value of some of these costs.

2.1. Overview of the effects of global GHG emissions on climate

The Intergovernmental Panel on Climate Change (IPCC) (2013b; p. 11) has concluded that
human-caused emissions of carbon dioxide, methane (CH,), and nitrous oxide (N,O), which have
‘increased to levels unprecedented in at least the last 800,000 years," likely underlie observed
changes in climate. These changes include: increases in average surface temperature, changes
In precipitation levels and patterns, increases in extreme weather events, rising sea level,
acidification of oceans and other surface waters, and changes in ecosystems.

Looking forward, climate scientists and others are focusing on a set of scenarios, called
Representative Concentration Pathways (RCPs), that project a range of plausible future levels
of GHG emissions and atmospheric concentrations. The highest-emissions scenario is called
RCP8.5, the lowest-emissions scenario is called RCP2.6."

Figure 1 shows the trajectory of global GHG emissions expected under RCP2.6 and RCP8.5
through 2100. Figure 2 shows the accompanying expected changes in the global average
surface temperature. Under the highest-emissions scenario, temperatures would increase on
a near-linear trajectory throughout the century. With the lowest-emissions scenario, they would
increase through the middle of the century and then level off. Average surface temperatures in
2081-2100 would exceed those that prevailed in 1986-2006 by about 4—6°C under RCP8.5, and
2°C under RCP2.6 (IPCC 2014; p. 10). These temperature increases would add to an increase of
0.61°C observed between 1850—1900 and 1986—2005 (IPCC, 2013b; p. 5).

! Four RCP scenarios of future GHG emissions, including RCP8.5 (highest) and RCP2.6 (lowest), underlie the IPCC's most recent, Fifth Assess-
ment Report, summarized in IPCC (2013b) and IPCC (2014). These scenarios evolved from the IPCC's Special Report on Emissions Scenarios
(IPCC, 2000), which considered about 40 different scenarios, but focused primarily on four (descending order): ATFA, A2, A1B, and B1. Scenario
ATF1 corresponded most closely to, and somewhat exceeded RCP8.5; scenario B1 projected that emissions would remain substantially higher
than those projected in RCP2.6 (Climate Change in Australia, 2015).

©



200000
180000 P

160,000 /
140,000
120,000 /
100,000 /
80,000 4"”"

00,000 ~ \ — RCP06
A \
20,000

0

Annual GHG Emissions
(Million Tons CO,equivalent)

2000 2070 2020 2030 2040 2050 2060 2070 2080 2090 2100
Figure 1. Actual GHG emissions, 2000 and 2010, and projected emissions under RCP8.5 and RCP2.6,
2020-2100
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Figure 2. Observed changes in annual average surface temperature, 1950—2010, and projections
under RCP8.5 and RCP2.6, 2020-2100

Source | IPCC (2013b; p. 21)

Figure 3 shows the spatial pattern of expected increases in average surface temperature under
RCP2.6 and RCP8.5. Lebanon and other countries in the eastern Mediterranean region likely
would experience some of the highest temperature increases.
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Figure 3: Projected increase in surface temperature, 2081-2100 vs. 1986—2005, resulting from global anthropogenic
GHG emissions, RCP8.5and RCP2.6

Source | IPCC (2013b; p. 20)
2.2. Overview of potential climate change impacts on Lebanon

The full effects on Lebanon of the anticipated increases in temperatures, changes in precipitation,
rising sea levels, and other direct effects of continued global GHG emissions have not been
quantified. MoE/UNDP/GEF (2011; pp. ix-xvii), however, has concluded that the effects likely will
include the following:

- Relative to the present climate, temperatures will increase from around 1°C on the coast
to 2°C in the mainland by 2040, and by 2090 they will increase 3.5°C to 5°C.

- Rainfall will decrease, relative to the present, by 10-20% by 2040, and by 25-45% by the
year 2090. The total volume of water resources will decline 6 to 8% with an increase of
1°C and 12 to 16% with an increase of 2°C.

- By the end of the century, Beirut will see 50 more days with temperatures exceeding 35°C
and 34 more nights with temperatures exceeding 25°C.

- Droughts will occur 15 days to 1 month earlier, and countrywide drought periods will
extend 9 days longer by 2040 and 18 days longer by 2090. The already dry regions, such
as the Bekaa, Hermel, and the South, will experience the sharpest effects. In addition,
cost impacts will be added to irrigation needs, as more pumping hours will be required,
therefore consuming more energy.

- Climate change will induce a reduction of 40% of the snow cover of Lebanon with an
increase of 2°C in temperature and will reach 70% decrease in snow cover with an
increase of 4°C.

- Less precipitation will fall as snow, with snow that currently falls at 1,500 m shifting to
1,700 m by 2050, and to 1,900 m by 2090. Snow will melt earlier in the spring. These
changes will affect the recharge of most springs, reduce the supply of water available for
irrigation during the summer, and increase winter floods by up to 30%.

- Soil moisture will decline in response to higher temperatures, reduced precipitation, and

higher evapotranspiration.



- Changes in temperature and rainfall will decrease productivity of lands currently used to
produce most crops and fruit trees—especially wheat, cherries, tomatoes, apples, and
olives—and may affect the quality of grapes.

- Most crops also will face increased infestation of fungi and bacterial diseases.

- Higher temperatures in summer will increase demand for cooling, with related
consumption of electricity increasing 1.8% for a 1°C increase in temperature, and 5.8%
for a 3°C increase in temperature.

- Sea levels will rise up to 30-60 cm in 30 years, if the recent rate of rise, approximately 20
mm/year, continues. The higher sea levels will lead to seawater intrusion into aquifers,
increase the risk of coastal flooding and inundation, increase coastal erosion, cover sand
beaches, and alter coastal ecosystems in natural reserves and elsewhere.

- Changes in temperature and rainfall will reduce the extent of sub-humid forests and
increase semi-arid forests, especially in higher-elevation transition zones. All forests will
experience greater fragmentation, pest outbreaks, and wildfires.

- Lebanon will experience increases in the incidence of infectious diseases, morbidity, and
mortality resulting from higher temperatures, more frequent extreme weather events,
increased malnutrition from droughts and floods that affect agriculture, and reduced
availability of clean water. Increases in temperatures will cause 2,483 to 5,254 additional
deaths per year between 2010 and 2030.

- Buildings and public infrastructure will suffer damage from changing patterns in
precipitation, sea level rise, and increased frequency and intensity of storms. This damage
will materialize from inundation of coastal settlements and buildings, floods, mudslides,
androckslides.

- Winter outdoor tourism will diminish as warmer temperatures and reduced precipitation
shorten the skiing season. Other impacts on tourism will occur in response to changes
in ecosystems, loss of natural attractions, such as sandy public beaches, and structural
damage to the nation’s archaeological heritage.

- Impacts will concentrate on vulnerable population groups, especially the elderly and
people living in socio-economically deprived areas, in semi-arid areas and in areas with
lower access to health and other public services.

These, and similar, potential impacts constitute climate-related risks to Lebanon’'s ecological,
social, cultural, and economic systems (IPCC, 2014; 12-20). As such, they provide the basis
for describing the costs climate change might impose directly on Lebanon. They also provide
context for understanding that changes in climate elsewhere might indirectly impose costs on
Lebanon, e.qg., by altering global or regional markets for food and other items.

2.3. Analytical assumptions and approach

The calculation of climate-related costs in monetary terms is a straightforward, three-part
process:

First, obtain a credible, quantitative estimate of the per-year change in some factor—public
health, agricultural production, energy costs, etc.—expected to result from climate change
that will worsen the future economic wellbeing of households, businesses, or communities in
Lebanon.

Second, obtain a credible estimate, in monetary terms (2015 US dollars), of the per-unit value of

the factor.



Third, multiply the two estimates to yield an estimate of the potential economic harm per year.
For those costs where others have developed a credible estimate of the quantitative change, the
per-unit value, or both, this analysis employs that information. Where this information does not
exist, this analysis estimates these variables directly. In every case, the results are sensitive to
the reliability of the assumptions and data employed, which are documented.

The analysis focuses on estimating the costs climate change might impose on Lebanon in three
target years: 2020, 2040, and 2080. The 2020 estimates generally represent near-term costs
that cannot be avoided, insofar as the climate impacts of past GHG emissions are still unfolding,
and inertia in economic systems and behaviors suggest that the current trends in climate and
its effects likely would continue with little change. The 2040 estimates generally represent costs
that likely would materialize within the lifetimes of most Lebanese citizens alive today. The 2080
estimates generally represent costs that likely would materialize within the lifetimes of today's
children.

In some cases, there exist credible estimates for one or more of the target years, and the analysis
uses that information directly. In others, there exist credible estimates for other years, and the
analysis interpolates to get a value for a target year when it falls between two values available
from the literature, or extrapolates when it falls outside them. In general, the interpolation and
extrapolation involves estimating the average percentage rate of growth per year and assuming
it would extend from 2020 to 2080. In some cases, available information suggests it would be
more appropriate to interpolate or extrapolate assuming linear growth.

Whenever possible, the monetary calculations reflect the IPCC's current scenario with the
highest levels of potential GHG emissions, known as Representative Concentration Pathway
8.5 (RCP8.5). The top line of Figure 1, above, shows this scenario. In many cases, however,
estimates of climate-related impacts on Lebanon come from research that employed other
scenarios of future GHG emissions. Some research reports identify the underlying scenario
only in general terms. Whenever possible, the analysis identifies the scenario being employed.

The bottom line in Figure 1 illustrates expected emissions under the IPCC's current lowest-
emissions scenario, known as RCP2.6. It includes the most extreme, yet plausible, assumptions
about changes in economic development, behaviors, etc., beginning in 2010, that would yield
reductions in GHG emissions. Insofar as such changes have not fully materialized, RCP2.6 likely
overstates the potential reductions, at least for the near future. This bias notwithstanding, the
analysis sometimes uses data from RCP2.6 to describe the potential costs Lebanon would
avoid if global society took the steps necessary to move emissions from the path represented
by RCP8.5 to the path represented by RCP2.6.

Other important assumptions embedded in this analysis include:

- The percentage changes in economic and social characteristics of Lebanon presented
throughout this report are relative to a business-as-usual scenario of population and
GDP growth. The business-as-usual scenario does not take into account the effect that
political instability, social unrest or regional turmoil might inflict on predicted population
and GDP growth. The business-as-usual scenario also does not take into account the
elaboration and implementation of any new development plan that might change the
performance of the main sectors of the economy in Lebanon.

- Lebanon’s population will total 5.5 million in 2020, 6.0 million in 2040, and 5.9 million in
2080. It also will have 1.3 million households in 2020, 1.4 million in 2040, and 1.4 million
in 2080. Annex Il explains the derivation of these numbers.



- Without the effects of global GHG emissions, Lebanon's Gross Domestic Product (GDP)
would grow from about USD 47.3 billion in 2015 to USD 55.4 billion in 2020, USD 104.1
billion in 2040, and USD 366.9 billion in 2080. (GDP is an indicator of the value of the
annual output of the commercial, industrial, and governmental sectors of the economy:.)

- Past GHG emissions have not yet produced their full impact on climate. Hence, some
climate-related costs will materialize regardless of efforts to rein-in future GHG emissions.

- Lebanon’s households, businesses, communities, and government will continue to
engage in behaviors and adopt technologies similar to those of today. This assumption
acknowledges the inertia that exists insofar as these behaviors—as well as the existing
residential, commercial-industrial, and public capital—generally reflect climate conditions
of the past rather than those of the future.

- In 2010 global GHG emissions over the preceding decades had raised annual average
temperatures in Lebanon by 0.85°C, relative to the 1880-1919 reference period. If current
trends in global GHG emissions continue, average annual temperatures in Lebanon will
be higher. Relative to the reference period of 1880-1919, the increase will be: 1°C in 2020,
2°Cin2040,and 5°Cin 2080. Relative to 2010, the increase will be: 0.15°C in 2020, 1.15°C
in 2040, and 4.15°C in 2080. Annex Il also explains the derivation of these numbers.

- Some of the estimates of climate-related costs presented below derive from prior
analyses that incorporate different assumptions about Lebanon's population, or the
expected climate-related increases in temperature. The associated text explains the
differences.

Both market costs and non-market costs are important. Market costs would quickly materialize
as lower disposable incomes for households, higher costs and lower net revenues for businesses,
and higher costs or lower financial resources for government. Higher temperatures, for example,
could reduce workers' productivity, reducing their incomes and the output of business and
government. Non-market costs might yield such outcomes more slowly. If future climate-related
droughts were to displace farm families from their homes, or sea-level rise was to displace
coastal families, for example, the resulting disruption might lower the ability of children to
secure a good education and lower their earnings as adults. By their nature, non-market costs
are not measured by market prices. Instead, measuring them requires targeted studies that look
at how people express their desire for non-market goods and services or at how they respond
to differences in these items. In general, such studies are lacking for non-market goods and
services potentially susceptible to the impacts of climate change in Lebanon.

Hence, this report does not measure the value of the non-market costs resulting from climate
change. This omission likely causes it to substantially understate the full costs climate change
would impose on Lebanon if current trends in global GHG emissions continue.

Available information suggests the results reported herein generally understate the true,
potential economic costs that climate change would impose on Lebanon if current trends in
GHG emissions continue. Moreover, as global GHG emissions endure, the likelihood that they
will accelerate changes in climate and initiate irreversible changes in ecosystems and social
systems will increase. Hence, the degree of understatement will likely grow larger as GHG
emissions continue over time.

Some of the potential costs, especially in the near term, may not actually materialize, as projected
as households, businesses, and communities may take steps to mitigate or offset them. As
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higher temperatures reduce food production, for example, the prices of some foodstuffs would
likely rise and stimulate actions to develop replacement, drought-tolerant crops. The analysis

in Sections 3 and 4, however, describe the potential costs if such steps are not taken or are not
effective.



3. The overall economic costs that future global GHG emissions might impose on Lebanon

This section illustrates the overall economic costs that climate change might impose on
Lebanon’s families, businesses, communities, and government over the next several decades
if recent trends in global GHG emissions continue. It sets the stage for the analyses in Section
4, which illustrate the potential disaggregated costs associated with several, distinct ways in
which climate change might affect Lebanon’s workers, households, businesses, communities,
and ecosystem (cost of impact on water resources, agriculture, tourism, etc.).

The section presents 4 analyses. They look from different perspectives at the total costs climate
change might impose on Lebanon:

1. The total costs that Lebanon might experience in 2020, 2040, and 2080 from the
cumulative effects of global GHG emissions between 2015 and each of those years.

2. The costs from single-year emissions in 2020, 2040, and 2080.

3. The extent to which costs could be avoided if nations around the world acted soon to
rein-in global GHG emissions. It compares costs expected under the IPCC's lowest-
emissions scenario, RCP2.6, against the highest-emissions scenario, RCP8.5.

4, The potential distribution of costs among different groups within Lebanon. It distinguishes
among the costs to urban, rural farm, and rural nonfarm households. Within each group,
it distinguishes among the costs to households with different levels of income.

3.1. Potential costs from cumulative global GHG emissions

Description

This analysis calculates the costs Lebanon might experience in 2020, 2040, and 2080 from the
cumulative effects of GHG emissions between 2015 and each of those years. It recognizes that,
once emitted into the atmosphere, CO, and other GHGs will change the climate and impose
economic costs on Lebanon for decades, perhaps hundreds of years. The changes in climate—
and accompanying costs—from each year's emissions will build atop the effects of emissions
from previous years, including years prior to 2015.

The analysis considers two major categories of potential costs. One is the reduction in Gross
Domestic Product (GDP) that would occur as changes in climate reduce the rate of Lebanon’s
economic growth. The other is the economic damage that would materialize each year through
climate-related changes in net agricultural productivity, human health, the impacts of floods and
storms on property, the value of services derived from Lebanon’'s ecosystems, etc.

Results

Table 1 shows the potential costs Lebanon might experience from the cumulative effects of
global GHG emissions if recent trends continue through 2020, 2040, and 2080. Emissions
between 2015 and 2020 would impose direct damage costs from drought, etc. of about USD
320 million and cause Lebanon's GDP to be about USD 1,600 million (equivalent to USD 1.6), or
3%, smaller in 2020 than it otherwise would be. The forgone GDP would be about USD 14,100
million (14%) in 2040, and USD 115,700 million (32%) in 2080.
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The total cost, USD 1,900 million, in 2020 would be equivalent to about USD 1,500 per household,
on average. The government would bear about USD 610 million of the total cost if it were to
maintain its current general role in the economy. The overall cost resulting from global GHG
emissions between 2015 and 2040, and between 2015 and 2080, would total USD 16,900 million
in 2040 and USD 138,900 million in 2080.

These numbers suggest that the average cost per household would likely exceed average
household annual earnings soon, which currently are about USD 12,0007, with many households
becoming impoverished. If the government were to maintain its current general role in the
economy, its share of the overall costs would total about USD 610 million in 2020, USD 5,400
million in 2040, and USD 44,300 million in 2080. These costs could represent sizeable portions
of government's budgets, insofar as its 2012 expenditures were about USD 72,000 million
(Ministry of Finance, 2013; p. 3). The actual budgetary impact of climate change on government
could be higher, especially if it accepts new responsibilities for addressing needs associated
with the anticipated increases in household poverty.

Table 1: Potential costs for Lebanon from the cumulative effects of global GHG emissions, 2015-2020, —2040,
and —2080 (2015 USD)

2020 2040 2080

Direct annual damage from drought, etc. in

- USD 320 USD 2,800 USD 23,200
Lebanon (millions)

Forgone GDP in Lebanon (millions) USD 1,600 USD 14,100 USD 115,700
Percentage reduction in GDP 3% 14% 32%
Total cost to Lebanon (millions) USD 1,900°  USD 16,900 USD 138,900
Average cost per household in Lebanon USD 1,500 USD 13,100 USD 107,200
Government's share (millions) UsSD 610 USD 5,400 USD 44,300

Numbers reflect the rounding rules described in the Introduction.

@Because of rounding, the total, USD 1,900 million differs slightly from the sum of USD 320 million and USD 1,600 million.

Assumptions, data, and calculation

This analysis first calculates the forgone GDP in 2020, 2040, and 2080 that would result from
the cumulative effects of future global GHG emissions, if recent trends in emissions continue.
The calculation draws on Moore and Diaz (2015), which finds that, if unchecked, global GHG
emissions would reduce the growth of GDP from 3.2% to 2.6% through the remainder of this
century in countries unable to respond to major extreme events with no discernible negative
effect on GDP.

The analysis then calculates the direct damage that would materialize in each of the three years,
building on a comparison of Interagency Working Group on Social Cost of Carbon (2015) with

2 Average earnings per household calculated by dividing workers’ total earnings by the number of households. Total 2010 earnings = annual
earnings per worker times total employment = USD 10,500 per worker x 1,300,000 workers = USD 14,000 million (Robalino and Haneed, 2012,
and Alloush et al., 2013; adjusted to 2015 USD). Number of households in 2010 = population / persons per household = 5.0 million = 4.23 = 1.2.
(Population from Ministry of Environment (2015), household size from Central Administration of Statistics (2015a)). Earnings per household =
total earnings + number of households = USD 14,000 million + 1.2 million households = USD 12,000 per household.
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Moore and Diaz (2015). The former summarizes recent literature regarding the models widely
used to describe the economic costs of climate change. These models typically have captured
the transient (annual) damage of climate change, but assumed this annual damage would have
no long-term effects on the economy. Moore and Diaz (2015) represents an important landmark
effort to capture the long-term reduction in GDP growth stemming from the effects of climate
change on the productivity of labor and capital.

Finally, the analysis calculates the total costs, average cost per household, and government’s
share of the costs. The calculations involve these steps:

Step 1. Calculate the forgone GDP in 2020, 2040, and 2080. Begin with Lebanon’s
estimated 2014 GDP, USD 45,730 million (World Bank, 2015c). Estimate GDP in
2020, 2040, and 2080 under two scenarios regarding annual GDP growth: one
assumes 3.2% and the other assumes 2.6%. The difference between the two
represents the forgone GDP resulting from the cumulative effects of global GHG
emissions in future years. Table 1 shows the results: USD 1,600 million in 2020,
USD 14,1700 million in 2040, and USD 115,700 million in 2080.

Step 2. Calculate the direct annual damage in 2020, 2040, and 2080. Assume that the
direct damage in each year would be about one-fifth as large as the forgone GDP,
based on comparison of Moore and Diaz (2015) with Interagency Working Group
on Social Cost of Carbon (2015). Table 1 shows the results.

Step 3. Calculate total cost per year in 2020, 2040, and 2080. Add the forgone-GDP costs
to the direct-damage cost to yield the total cost. Table 1T shows the results.

Step 4. Calculate the average cost per household. Annex Il shows the calculation of the
future number of households: 1.3 million in 2020, 1.4 million in 2040, and 1.4
million in 2080. Divide each year's total costs by number of households to yield
the average cost per household. Table T shows the results.

Step 5. Calculate the government’s share of the total cost. Assume government's share
of the costs would be 32%, which is the ratio between its expenditures and GDP
(Ministry of Finance, 2013: p. 3). Table 1 shows the results.

Discussion

The actual costs might be higher or lower than those shown in Table 1. It seems reasonable,
however, to conclude that the actual costs likely would be higher. The two economic studies
that form the foundation for this analysis, Interagency Working Group, (2015) and Moore
and Diaz (2015), capture only a portion of the impacts of hotter temperatures and changes
in precipitation on economic output. More recent research (Burke, Hsiang, and Miguel 2015)
concludes that anticipated increases in climate warming will yield costs perhaps 100 times
larger than indicated by prior estimates, with the largest costs occurring in regions, such as the
Middle East, that already experience high temperatures. Researchers have not yet reconciled
these different studies. The findings reported by (Burke, Hsiang, and Miguel 2015) suggest,
however, that the actual reduction in GDP might be substantially larger than those derived from
Interagency Working Group, (2015) and Moore and Diaz (2015).

Moreover, this analysis does not capture the persistent effects of global GHG emissions before
2015 (Solomon, 2010). It also does not capture the costs that economists have not yet reliably
modeled. These include, but are not limited to, the costs associated with the effects of CO,
emissions on ocean acidification (Secretariat of the Convention on Biological Diversity, 2014),
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or the costs that might materialize if global GHG emissions trigger catastrophic local, regional,
or global outcomes (King et al., 2015).

Combined, these studies suggest that, if current trends continue, global GHG emissions likely
would impose costs on Lebanon much larger than those shown in Table 1.

3.2. Potential costs from annual global GHG emissions

Description

This analysis considers the costs of global GHG emissions from a different perspective. Rather
than describing the costs resulting from the cumulative effects on climate of all future emissions
through 2020, 2040, and 2080, it looks at the costs that would result from the annual emissions
in each of these years.

Consistent with the analysis in the preceding section, this analysis considers two types of costs.
One is the direct economic damage that would materialize as these emissions contribute to
future extreme weather events and other changes in climate that would destroy crops, impose
heat stress on workers, etc. The other is the forgone GDP that would materialize as the economic
damage reduces growth in the economy’s ability to produce goods and services for consumers
and income for workers and property owners. The indicated cost for each year is a single
number equivalent in value to the stream of costs that would materialize in subsequent years
as a result of that year's GHG emissions. Called the present value, this number is calculated
using a process called discounting, through which the value of a cost some years in the future
Is reduced for each of those years by an annual discount rate. This analysis uses a discount
rate of 3% per year, reflecting the core analysis of Interagency Working Group on Social Cost of
Carbon (2015).

Results

The numbers in Table 2 represent the costs that the annual global GHG emissions in 2020, 2040,
and 2080 potentially would impose on Lebanon under the IPCC's highest-emissions scenario,
RCP8.5.

The analysis suggests that, if current trends continue, annual GHG emissions in 2020 would
impose costs on Lebanon totaling USD 21,200 million. Of this total, about USD 17,600 million,
would materialize as the climate change slows growth in GDP. The direct, annual economic
damage from droughts, storms, heat waves, diseases, etc. would be smaller, about USD 3,600
million. Costs resulting from annual global emissions in 2040 and 2080 would total USD 80,700
million,and USD 1,009,700 million, respectively, with forgone GDP accelerating faster than direct
damage costs. Dividing by the estimated number of households in each year indicates annual
global emissions in 2020, 2040, and 2080 would impose costs per household, on average, of
USD 16,400, USD 57,300, and USD 721,900, respectively. The present value of the costs borne
by government would total USD 6,800 million for emissions in 2020, USD 25,800 million for
emissions in 2040, and USD 322,000 million for emissions in 2080.
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Table 2: Present value of economic costs that global GHG emissions in 2020, 2040, and 2080 would impose on
Lebanon under the highest-emissions scenario, RCP8.5 (2015 USD)

2020 2040 2080

Potential costs if global emissions follow the IPCC’s highest-emissions scenario (RCP8.5)

Direct annual damage from drought, etc. in
Lebanon (millions)

USD 3,600  USD 11,300 USD 101,500

Forgone GDP in Lebanon (millions) USD 17,600  USD 69,400 USD 908,200
Total cost to Lebanon (millions) USD 21,200 USD 80,700 USD 1,009,700
Average cost per household in Lebanon USD 16,400  USD 57,300 USD 721,900
Government's share (millions) USD 6,800  USD 25,800  USD 322,000

Numbers reflect the rounding rules described in the Introduction.

Assumptions, data, and calculation

This analysis calculates first the total global economic costs that would result from global GHG
emissions in 2020, 2040, and 2080, and then the share of the global total that would materialize
In Lebanon. The calculation involves these steps:

Step 1.

Step 2.

Step 3.

Estimate the additional tonnes of GHGs (CO,-equivalent) that would be emitted
in 2020, 2040, and 2080 under RCP8.5.% Results, in billion tonnes CO_-equivalent
per year: 25 in 2020, 66 in 2040, and 162 in 2080.

Estimate the present value of the global economic cost that would materialize in
subsequent years per tonne of annual global GHG emissions in 2020, 2040, and
2080. Present value is measured in the year of emissions, i.e,, 2020, 2040, or
2080. That is, a cost shown for 2020 represents the present value in 2020 of all
the costs that would materialize, in subsequent years, from GHG emissions in that
year. To facilitate comparison among 2020, 2040, and 2080, all costs are shown
in 2015 USD.

- Apply estimates of economic damage per tonne of expected CO,-equivalent
emissions (Interagency Working Group on Social Cost of Carbon, 2015),
adjusted to 2015 USD: USD 69 in 2020, USD 176 in 2040, and USD 947 in
2080.

- Apply estimates of the global reduction in GDP per tonne of expected CO,-
equivalent emissions using results derived from Moore and Diaz (2015)
and Moore (2015): USD 335 in 2020, USD 1,080 in 2040, and USD 8,480 in
2080.*

Calculate the total present value of the global costs of future annual emissions.
Multiply the tonnage of annual global GHG emissions in 2020, 2040, and 2080
times the cost per tonne for economic damage and reduced economic growth.

3 Emissions of CO,, CH,, and N,O come from IPCC (2013a). Emissions of CH, and N,0 converted to their CO,-equivalent based on global warm-
ing potentials reported by Myhre et al. (2013).

4Moore and Diaz (2015) finds that, under a business-as-usual scenario, climate change likely would reduce the average annual growth rate from
3.2% to 2.6% in regions that lack the economic and institutional strength to recover from extreme events with no discernible negative effect on
GDP. Values for emissions in 2020, 2040, and 2080 estimated by subtracting economic damage cost per tonne CO,-e from estimates of the
total cost (Moore 2015). Values in 2007 USD adjusted to 2015 USD with the personal consumption expenditures index from St. Louis Federal
Reserve Bank (2015).
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Step 4. Calculate Lebanon's share of global costs. Assume its share would be 0.06%,
which is its share of both world population (World Bank, 2015e) and world GDP
(World Bank, 2015c). Table 2 shows the results.

Step 5. Calculate the average cost per household. Annex Il shows the calculation of the
future number of households: 1.3 million in 2020, 1.4 million in 2040, and 1.4
million in 2080. Divide each year’s total costs by number of households to yield
the average cost per household. Table 2 shows the results.

Step 6. Estimate government’s share of the total costs. Assume government's share
of the costs would be 32%, which is the ratio between its expenditures and GDP
(Ministry of Finance, 2013; p. 3). Table 2 shows the results.

Discussion

The actual costs might be higher or lower than those shown in Table 2. It seems reasonable
to conclude that this analysis likely understates the overall costs future global GHG emissions
would impose on Lebanon under the IPCC's highest-emissions scenario. Recently published
research concludes that anticipated increases in climate warming will yield costs at least 2.5
times larger—and perhaps 100 times larger—than indicated by prior estimates, with the largest
costs occurring in regions, such as the Middle East, that already experience high temperatures
(Burke, Hsiang, and Miguel 2015). These findings suggest that, if current trends continue, global
GHG emissions would impose costs on Lebanon of at least USD 53,000 million for emissions
in 2020, USD 201,900 million for emissions in 2040, and USD 2,524,200 million for emissions in
2080.

Moreover, this analysis does not capture the costs that economists have not yet reliably modeled.
These include, but are not limited to, the costs associated with the effects of CO, emissions on
ocean acidification (Secretariat of the Convention on Biological Diversity, 2014), or the costs
that might materialize if global GHG emissions trigger catastrophic local, regional, or global
outcomes (King et al., 2015).

Note that the values shown in Table 2 represent the present value, in 2020, 2040, and 2080,
respectively, of all the costs that would materialize in subsequent years from GHG emissions in
each of those years. As such, they are not directly comparable to results of other analyses that
show the costs that would materialize only in 2020, 2040, or 2080.

3.3. Potential savings if global GHG emissions slow to the IPCC's lowest-emissions scenario
Description

This analysis describes the potential reductions in Lebanon's economic costs from annual
global GHG emissions in 2020, 2040, and 2080, if emissions follow the IPCC's lowest-emissions
scenario, RCP2.6, rather than follow current trends represented by the IPCC's highest-emissions
scenario, RCP8.5.

Results

The numbers in Table 3 represent the costs that annual global GHG emissions in 2020, 2040,

and 2080 would impose on Lebanon under the IPCC's lowest-emissions scenario, RCP2.6.
Most of the costs would materialize through reductions in economic growth, represented as

@



forgone GDP, with smaller costs occurring as the GHG emissions lead to increases in economic
damage from droughts, etc. Under the lowest-emissions scenario, emissions in 2020, 2040, and
2080 would impose costs of USD 15,000 million, USD 30,000 million, and USD 91,000 million,
respectively.

The indicated cost for each year is a single number equivalent in value to the stream of costs
that would materialize in subsequent years as a result of that year's GHG emissions. Called
the present value, this number is calculated using a process called discounting, through which
the value of a cost some years in the future is reduced for each of those years by an annual
discount rate. This analysis uses a discount rate of 3% per year, reflecting the core analysis of
Interagency Working Group on Social Cost of Carbon (2015).

Table 3 also shows the potential savings, relative to the expected costs (described in sub-
section 3.2) under the highest-emission scenario, RCP8.5. The analysis suggests that taking
appropriate actions to rein-in global emissions of greenhouse gases would potentially yield
savings for Lebanon of USD 6,000 million in 2020, USD 49,900 million in 2040, and USD 918,400
million in 2080. These amounts represent average savings per household of USD 4,700, USD
35,500, and USD 656,600, respectively. If the government were to maintain its current general
role in the economy, it would realize savings of USD 1,900 million, USD 15,900 million, and USD
292,900 million respectively.

Table 3: Present value of economic costs that global GHG emissions in 2020, 2040, and 2080 would impose on
Lebanon under the lowest-emissions scenario, RCP2.6, and potential savings relative to the highest-emissions
scenario, RCP8.5 (2015 USD)

2020 2040 2080
Potential costs if global emissions follow the IPCC’s lowest-emissions scenario (RCP2.6)

Direct annual damage from drought, etc. in

Lebanon (millions) USD 2,600 USD 4,300 USD 9,200
Forgone GDP in Lebanon (millions) USD 12,600 USD 26,500 USD 82,100
Total cost to Lebanon (millions) USD 15,200  USD 30,800 USD 91,300
Average per household in Lebanon USD 11,700  USD 21,900 USD 65,200
Government's share (millions) USD 4,800 USD 9,800 USD 29,100

Potential savings from reducing global emissions to the lowest-emissions scenario

Percentage of costs under RCP8.5 72% 38% 9%
Potential savings to Lebanon (millions) USD 6,000  USD 49,900 USD 918,400
Average per household in Lebanon USD 4,700 USD 35,500 USD 656,600
Government's share (millions) USD 1,900  USD 15,900 USD 292,900

Numbers reflect the rounding rules described in the Introduction.

Assumptions, data, and calculation

This analysis applies the analytical process used in sub-section 3.2 to estimate what Lebanon'’s
costs would be if emissions follow the path of RCP2.6. It then compares these costs to those
under RCP8.5, reported in the preceding section. The difference in costs represents the economic
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savings Lebanon would potentially realize if it and other nations act quickly and aggressively to
rein-in global GHG emissions.

Discussion

The actual savings from curtailing global GHG emissions might be higher or lower than those
shown in Table 3. All else equal, however, it seems reasonable to conclude that the savings
would be greater, insofar as the two scenarios do not capture all the potential costs global GHG
emissions would impose on Lebanon.

Note that the values shown in Table 3 represent the present value, in 2020, 2040, and 2080,
respectively, of all the costs that would materialize in subsequent years from GHG emissions in
each of those years. As such, they are not directly comparable to results of other analyses that
show the costs that would materialize only in 2020, 2040, or 2080.

3.4. Potential costs borne by rural and urban households with different levels of income

Description

This analysis describes the extent to which climate-related costs would affect the incomes of
different groups within Lebanon. Specifically, it shows the potential percentage reduction, relative
to 2010, in average income per household for urban, rural nonfarm, and rural farm households. It
also describes, for each group, the percentage reduction in income for households with different
levels of income, represented by income quintile.

Results

The numbers in Table 4 show the percentage reductions in average household income, relative
to 2010, that would occur in 2020, 2040, and 2080 because of anticipated changes in climate.
They embody an assumption that the findings from an assessment by Verner and Breisinger
(2013; p. 44) of the potential impacts of climate change on household incomes in Syria apply
to households in Lebanon. These findings reflect one of the medium-emissions scenarios, A1B,
developed by the IPCC before it developed the RCP scenarios. Hence, if human-caused GHG
emissions follow the path underlying IPCC's highest-emission scenario, RCP8.5, households
likely would experience larger reductions in income than those shown in Table 4.

The top row of Table 4 indicates that, if current trends in global GHG emissions continue, the
resulting changes in climate would reduce the average income in 2020 of the highest quintile
of urban households by an amount equal to about 12%. The bottom row of the third section of
Table 4 indicates that anticipated changes in climate would reduce the average income of the
lowest quintile of rural nonfarm households equal to about 24% of the 2010 income by 2020,
56% by 2040, and 86% by 2080. Other households fall between the two extremes indicated by
the top line and the bottom row of the third section.

The bottom section shows the potential monetary reductions in income, by quintile, for Lebanon
as a whole. The top row of this section indicates that, if current trends in global GHG emissions
continue, the resulting changes in climate would reduce the average income in 2020 of the
highest quintile of all households by about USD 14,400, relative to 2010. By 2040 and 2080, the
reductions for this quintile would grow to USD 37,200 and USD 65,700, respectively. The bottom
row of this section shows that, for the lowest-income quintile, the potential changes in climate
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would reduce the mean household income by USD 3,900 in 2020, USD 9,300 in 2040, and USD
14,600 in 2080, relative to 2010.

Assumptions, data, and calculation
This analysis involves these steps:
Step 1. Assume that projections, from Verner and Breisinger (2013; p. 44), of the average

annual percentage reduction, from 2010 to 2050, in household income for Syria
apply to Lebanon for reductions from 2010 to 2020, 2040, and 2080.

Step 2. Calculate, for each group and quintile, the cumulative percentage reduction in
household income by 2020, 2040, and 2080. Table 4 shows the results.
Step 3. Calculate, for all households and by income quintile, the mean monetary reduction

in household income by 2020, 2040, and 2080.

- Calculate the mean household income in Lebanon. Assume mean annual gross national
income per capita in Lebanon in 2010 was about USD 8,500 (World Bank, 20154,
adjusted to 2015 USD). Assume 4.23 persons per household (see Annex Il for description
of household size). Result: USD 35,800 per household.

- Assume that the distribution of income, by quintile, resembles the distribution of
consumption expenditures (El-Laithy, Abu-Ismail, and Kamal Hamdan, 2008). Result: 8%
of gross national income for quintile 1 (lowest income), 13% for quintile 2, 16% for quintile
3, 24% for quintile 4, and 44% for quintile 5 (highest income). [Note: percentages do not
sum to 100% because of rounding.]

- Calculate the mean income per household for each quintile. Result: USD 17,900 for
quintile T (lowest income), USD 29,100 for quintile 2, USD 35,800 for quintile 3,
USD 53,800 for quintile 4, and USD 98,600 for quintile 5.

- Assume that the reduction in annual income because of climate change for each
quintile in Lebanon as a whole is the average for urban, rural-farm, and rural non-
farm households.

- Calculate the reduction in annual income for each quintile from 2010 to 2020, 2040,
and 2080. Multiply the mean income for each quintile times the arithmetic mean
of the percentage reduction in income (urban, rural farm, and rural nonfarm) for
the quintile. Table 4 shows the results.

Discussion

Actual percentage and monetary reductions in income may be higher or lower than those shown
In Table 4. The numbers in Table 4 illustrate some general patterns. Urban households generally
would experience smaller percentage reductions in income, followed by rural farm households
and rural nonfarm households. For each group, households with the lowest incomes would
experience the largest percentage reductions, and those with higher incomes would experience
smaller reductions. These patterns reflect expectations that urban households and high-income
households generally will have greater resiliency to the effects of climate change. That is, they
likely would have more opportunities to find replacement jobs and sources of income if they
suffer a climate-related disruption of existing jobs. Similarly, rural farm households likely would
have greater resiliency than rural nonfarm households insofar as higher crop prices resulting
from climate change would boost their incomes and somewhat offset other impacts of climate
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Table 4: Percentage reductions, relative to 2010, in average Lebanese household income for urban, rural farm, and
rural nonfarm households, by income quintile, 2020, 2040, and 2080

Year of emissions 2020 2040 2080
Urban households, percentage reductions by income quintile

5 (highest income) 12% 32% 60%
4 16% 40% 69%
3 17% 43% 73%
2 18% 45% 5%
1 (lowest income) 20% 49% 80%
Rural farm households, percentage reductions by income quintile

5 (highest income) 16% 41% 71%
4 19% 46% 7%
3 18% 45% 75%
2 18% 45% 75%
1 (lowest income) 20% 49% 80%
Rural nonfarm households, percentage reductions by income quintile

5 (highest income) 16% 40% 69%
4 20% 49% 80%
3 20% 49% 80%
2 21% 51% 81%
1 (lowest income) 24% 56% 86%
All households, monetary reductions by income quintile®

5 (highest income) USD 14,400  USD 37,200 USD 65,700
4 USD 9,800 USD 24,300 USD 40,400
3 USD 6,600  USD 16,400 USD 27,200
2 USD 5,500  USD 13,600 USD 22,400
1 (lowest income) USD 3,900 USD 9,300 USD 14,600

@ Numbers reflect the rounding rules described in the Introduction.



4. Costs that climate change might impose on segments of Lebanon’s economy and society

This section presents illustrative calculations of several types of economic costs that climate
change might impose on different segments of Lebanon’s economy and society in 2020, 2040,
and 2080. Participants in a stakeholder consultation workshop in Beirut on 19 March 2015
separated into three groups, discussed different types of potential costs, and ranked their
analytical priorities, as shown in Table 5. See Annex | for a list of the participants and affiliated
institutions. The priorities generally reflect the participants' awareness of different ways in
which climate change might impose costs on Lebanon based on their expertise, knowledge of
information about their potential economic importance, and perceptions of the public's concern.

Table 5: Priorities for cost analysis recommended by stakeholder groups

High priority Medium priority Low priority

Group 1

Energy (increased demand for

Water (availability and quality) heating and cooling, reduced Animal production
hydropower)
Biodiversity (loss of species and
Flooding Public health ecosystem services, erosion,
tourism)

Social impacts (rural livelihoods,
: o Infrastructure (energy, coastal,
conflict migration, poverty, -

economic growth) buildings, transportation)

Agriculture (crop production) - -

Group 2

Infrastructure (transportation,
urban, new technologies,
maintenance costs)

Agriculture (crop production, loss
of arable land)

Public health (vector-borne
diseases, heat waves, air pollution)

Water (cost of storage, pollution, Energy (reduced hydropower, more
falling water tables) demand for heating and cooling)

Ecosystem impacts
(desertification, loss of biodiversity, - -
loss of snow)

Social impacts (rural-urban
migration, security problems)

Group 3

Tourism (summer and winter, ski
season, sandy beaches, water Sea level rise Energy (hydropower supplies)
needs, forest fires)

Water (scarcity) Biodiversity -

Agriculture (rainfed, irrigation

costs, labor costs) Forest fires B

Energy (increased demand in peak

season)

Source | stakeholder meeting, 19 March 2015.
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Beginning with this set of priorities, a subsequent review of the readily available, relevant
information determined there is sufficient information to describe the potential costs to Lebanon
from the potential impacts of climate change on:

1. Agriculture and food consumption 5. Electricity

2. Water 6. Human health
3. Natural disasters 7. Society

4. Tourism 8. Ecosystems

4.1. Costs from impacts of climate change on agriculture and food consumption

If global GHG emissions continue current trends, the resulting changes in climate would impose
costs on Lebanon by reducing the productivity of farms, and by increasing the prices households
pay for food. The following analyses describe:

1. Economy-wide costs associated with climate-related reductions in overall agricultural
production.

2. Costs to producers from reductions in the production of wheat and maize.

3. Costs to the coastal fishing industry and aquaculture producers from reductions in fish
harvest.

4, Costs to consumers from increases in the global price of food.

4.1.1. Reductions in Lebanon’s overall agricultural production

Description

Anticipated changes in climate would reduce Lebanon's agricultural production by raising
ambient temperatures and reducing precipitation to levels harmful to both crops and livestock.
Further impacts on production might occur through the impacts of more severe storms and
floods, and the effects of climate-related spreading of diseases and pests.

Results

Table 6 shows the economic costs that would materialize in 2020, 2040, and 2080 as changes in
climate increasingly reduce agricultural output below what would otherwise occur. The estimated
costs derive from Haddad et al. (2014), which modeled changes in agricultural production and
their ripple-effects through the overall economy. The projections focus on the effects of climate
change on five main crop types: cereals; fruit trees; olives; industrial crops, such as sugar beets®
and tobacco; and vegetables, such as potatoes (a strategic crop).

In 2020, the value of farm production would fall about USD 80 million below the level that would
occur without the anticipated changes in climate. This reduction would ripple through the
economy, with the manufacturing and services sectors, combined, experiencing a reduction in

5 Although Lebanon does not currently produce sugar beets, this analysis takes them into consideration because they were included in the data
underlying Haddad et al. (2014), which serves as the basis for the analysis.
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production of about USD 220 million. The overall reduction in GDP would total USD 300 million. Of
this total reduction in GDP, USD 16 million would materialize as reductions in funds available for
general spending on government programs. Reductions in economic activity—in agriculture and
other sectors—would lead to reductions in household incomes. As a consequence, household
consumption of food and other goods and services would fall throughout Lebanon by about USD
170 million, or USD 130 per household on average. Exports, primarily of agricultural products,
would fall by USD 72 million; imports would increase by USD 10 million; and economy-wide
investment would fall by USD 47 million. The total reduction in GDP from anticipated effects of
climate change on Lebanon'’s agricultural sector would equal about USD 860 million in 2040,
and USD 2,300 million in 2080.

Table 6: Potential economic costs per year from climate-related reduction in Lebanon'’s agricultural output (2015
USD)

Year 2020 2040 2080
E)n?ﬁltizrﬁ)se)r year to crop and livestock producers in Lebanon USDSO  USD 180 USD 480

Costs per year to manufacturing and service sectors in
Lebanon (millions)

Total costs (reduction in GDP) per year in Lebanon (millions) USD 300 USD 8602 USD 2,300°

USD 220 USD 690  USD 1,900

Reduced government expenditure in Lebanon (millions) USD 16 USD 30 USD 80
Reduced household consumption in Lebanon (millions) UsD 170 USD 370  USD 1,000

Reduced consumption per household in Lebanon USD 130 USD 260 USD 720
Reduced exports per year in Lebanon (millions) UsSD 72 USD 160 USD 430
Increased imports per year in Lebanon (millions) UsD 10 USD 5 UsD 14
Reduced investment per year in Lebanon (millions) USD 47 USD 300 USD 810

Numbers reflect the rounding rules described in the Introduction.

@Because of rounding, the total, USD 860 million differs slightly from the sum of USD 180 million and USD 690 million.
b Because of rounding, the total, USD 2,300 million, differs slightly from the sum of USD 480 million and USD 1,900 million.

Figure 4 shows the components of the reduction in GDP in 2020 from two perspectives. The
left graph shows the reductions in output in the agriculture, manufacturing, and service sectors.
The right graph shows the reduction in expenditures by households, government, net exports
(exports minus imports) and investment.
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Figure 4. Components of the 2020 reduction in GDP, by sector of the economy and by expenditure category

Assumptions, data, and calculation

This analysis assumes the findings from Haddad, et al. (2014) provide a reasonable
representation of the impacts on Lebanon’s agricultural sector that would materialize under the
highest-emissions scenario represented by the IPCC's highest-emissions scenario, RCP8.5. The
study estimates the potential reduction in the value of Lebanon'’s agricultural output every five
years from 2010 to 2030 under expectations that combine the scenarios described in Lebanon’s
Second National Communication (MoE/UNDP/GEF, 2011) and more recent projections from
IPCC (2013a). Specific assumptions from the Second National Communication (SNC) that are
embedded in Haddad et al. (2014) include expectations that, relative to the present:

- Average annual temperatures will increase by about 1°C on the coast and 2°C in the
mainland by 2040, and by about 3.5°C and 5°C, respectively, by 2090.

- Average annual precipitation will decrease by 10-20% by 2040 and by 25-45% by the year
2090. This decrease will affect the availability of water for irrigation.

- Temperature and precipitation extremes will intensify.

- Throughout Lebanon, drought periods will become 9 days longer by 2040 and 18 days
longer by 2090.

Haddad, et al. (2014) projects reductions in the value of agricultural production, relative to what
would occur without the anticipated changes in climate. It then traces the impacts through the
overall economy, as reduced farm production leads to lower income for farmers, who spend
less on products from other sectors. It also tabulates the effects on government expenditures,
investments, exports and imports, and household consumption. These effects would accumulate

and intensify over time.



Calculation of the potential economic cost associated with the anticipated reduction in
Lebanon’s agricultural production resulting from GHG emissions under the high-emissions
scenario involves these steps:

Step 1. Calculate the value of lost agricultural production. Employ directly the findings
from Haddad, et al. (2014) for 2020, and extrapolate the findings for 2030 to
estimate the effects of lost production in 2040 and 2080. Convert the estimates,
measured in 2010 LBP, to 2010 USD using PPP currency conversion factors
from World Bank (2015a), and to 2015 USD using the personal consumption
expenditures index from U.S. Federal Reserve Bank of St. Louis (2015).Table 6
shows the results.

Step 2. Calculate the costs to the manufacturing and service sectors. Use findings from
Haddad et al. (2014) to estimate the costs in 2020. Project GDP in 2040 and
2080 assuming that the 2010-2030 will grow 2.52% annually®, the average annual
growth rate reported by Haddad et al. (2014). Assume that the 2030 ratio of each
sector’s loss to GDP will remain unchanged in 2040 and 2080. Calculate the costs
in each sector in 2040 and 2080 by multiplying this ratio times the projected GDP
in those years, respectively. Table 6 shows the results.

Step 3. Calculate the total cost (reduction in GDP). Add the value of lost agricultural
production plus the costs to the manufacturing and service sectors. Table 6
shows the results.

Step 4. Calculate the impacts on each activity. Use findings from Haddad et al. (2014) to
estimate the costs in 2020. Assume that the 2030 ratio of the impact on each
sector to GDP will remain unchanged in 2040 and 2080. Calculate the impact on
each sector in 2040 and 2080 by multiplying this ratio times the projected GDP in
those years, respectively. Table 6 shows the results.

Step 5. Calculate the per-household reduction in consumption. Divide the total reduction
in household consumption by the number of households. Annex Il shows the
calculation of the future number of households: 1.3 million in 2020, 1.4 million in
2040, and 1.4 million in 2080.

Discussion

The actual costs might be higher or lower than those shown in Table 6. They might be higher,
for example, if changes in temperature and precipitation were to occur, or to reduce agricultural
production, more quickly than expected. Conversely, actual costs might be lower if farmers
were to develop replacement crops resistant to these changes in climate. Some farmers have
already undertaken steps to adapt to hotter and drier growing conditions by increasing the area
of unirrigated vineyards, shifting from citrus to banana production, and shifting from sugar-beet
production to the production of crops that require less water.

Reductions in agricultural production would reduce the net incomes of farmers, farmworkers,
and those associated with related businesses. Costs directly linked to climate-related reductions
in agricultural output would affect rural households most directly and deeply. Urban households

5 This assumed growth rate does not take into consideration the effect of political instability and social unrest that might affect GDP growth.
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would also be affected, insofar as they remain economically integrated with rural family relatives,
pay more for locally produced food as it becomes more scarce, or see jobs disappear as urban
businesses that handle farm products cut back as rural farm production dwindles.

4.1.2. Reductions in production of wheat and maize

Description

MoE/UNDP/GEF (2011) concludes that changes in temperature and rainfall will decrease
productivity of lands currently used to produce most crops and fruit trees—especially wheat,
cherries, tomatoes, apples, and olives—and may affect the quality of grapes. This analysis
presents the anticipated reductions in Lebanon’s production of wheat and maize. The focus
on these two crops reflects the availability of data from relevant modeling of the anticipated
effects of higher ambient temperature on irrigated lands and of higher ambient temperature and
lower precipitation on unirrigated lands. Due to lack of relevant information, no cost has been
estimated on the impacts of climate change on fruit trees, which represent more than half of
Lebanon'’s agriculture area.

Results

The numbers in Table 7 rest on the results of modeling conducted by IFPRI (2009) for the Middle
East and North Africa (MENA) region. The modeling compared production expected under one of
the GHG emissions scenarios, A2, developed by the IPCC before it developed the RCP scenarios,
relative to a scenario that assumes continuation of climate conditions that prevailed in 2000.
Under this scenario, GHG emissions would grow more slowly than under RCP8.5. Hence, if
human-caused GHG emissions follow the path underlying IPCC's highest-emission scenario,
RCP8.5, households likely would experience larger reductions in income than those shown in
Table 7.

The comparison shows the reductions in crop production intensify over time as temperatures
increase and precipitation decreases. Maize is expected to experience the largest reductions:
23% in 2020, 40% in 2040, and 64% in 2080. Wheat would decline by 8% in 2020, 16% in 2040,
and 30% in 2080. Insofar as the changes in climate under the IPCC's highest-emissions scenario,
RCP8.5, would be greater, so too would be the percentage reduction in the production of the two
crops.

Table 7: Reduction in value of Lebanon’s production of wheat and maize, 2020, 2040, and 2080 (2015 USD)

Year 2020 2040 2080
Percentage reduction in volume of annual crop production in Lebanon
Wheat 8% 16% 30%
Maize 23% 40% 64%
Value of reduction in value of annual crop production in Lebanon
Wheat (millions) USD 10 usD 17 USD 28
Maize USD 85,000 USD 162,900 USD 299,500

Numbers reflect the rounding rules described in the Introduction.
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Assumptions, data, and calculation

This analysis assumes the reductions in production projected by IFPRI (2009) for the MENA
region provide a reasonable representation of the reductions that would occur in Lebanon. IFPRI
(2009) projects reductions in 2050, relative to 2000, of 47% and 20% for maize and wheat,
respectively, relative to the production that would occur without additional changes in climate.
It also assumes recent global prices—USD 300 per tonne for each grain—provide a reasonable
representation of the future value of reductions in production, insofar as Lebanon currently
imports about 80% of the wheat and maize it consumes and, hence, is closely linked to global
prices (FAO, 2012). Calculation of costs in 2020, 2040, and 2080 involves these steps:

Step 1. Calculate the average annual reduction in production: 0.44% for wheat, and 1.26%
for maize.

Step 2. Calculate the cumulative reduction in production in 2020, 2040, and 2080. Table 7
shows the results.

Step 3. Calculate the price of wheat and maize in 2020, 2040, and 2080. Assume the

inflation adjusted price of wheat and maize will increase 20% between 2005 and
2050 (Nelson et al., 2014). Assume this change would occur linearly and apply the
per-year percentage change to the 2015 price, USD 300 per tonne, to calculate
the price in future years. Result: USD 311 per tonne in 2020, USD 344 per tonne in
2040, and USD 506 per tonne in 2080.

Step 4. Calculate the reduction in value in 2020, 2040, and 2080 by multiplying the volume
of the reduction in production times the global price per tonne. Table 7 shows the
results.

Discussion

The actual costs might be higher or lower than those shown in Table 7. The impacts of climate
change on wheat and maize production would be larger than indicated if, in the absence of
climate change, farmers would adopt techniques that would increase their yield. All else equal,
the value of the reduction in grain production would be greater to the extent that global prices
increase more than projected. The impacts of climate change on wheat and maize production
would be smaller than indicated if, absent climate change, Lebanon's crop production would
decline for other reasons, such as the encroachment of urban land uses onto farmland. Farmers
might be able to offset costs stemming from the effects of climate change on wheat and maize
production by switching to other crops, such as barley, that are less sensitive to hotter and drier
growing conditions. This analysis does not distinguish between costs that would be borne by
the farmers who experience reductions in production and government, which might offset the
loss through a crop subsidy or other compensation.

The costs to wheat and maize producers might differ substantially from the costs to other

agricultural commodities, reflecting differences in the availability of water and other factors of
production, sensitivity to changes in temperature and precipitation, and markets.

4.1.3. Reductions in fish harvest
Description

Increases in the temperature of inland and coastal waters, along with changes in nutrient flows,
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will reduce Lebanon'’s fish harvest from its aquaculture facilities and coastal fishery.
Results

The numbers in Table 8 represent the reductions in the value of Lebanon's fish harvest that
would occur if the rate of decline projected for 2010—2030 (DARA and Climate Vulnerability
Forum, 2012) were to extend through 2080. If current trends in GHG emissions continue, and
fish stocks were unlimited, the costs in Lebanon would total USD 13 million in 2020, USD 93
million in 2040, and USD 4,500 million in 2080. These costs would soon outstrip the fish stocks,
however, insofar as the Lebanese coastal harvest is about USD 28 million (Pinello and Dimech,
2013; p. 31, adjusted to 2015 USD), and annual aquaculture output in Lebanon has a value of
about USD 4 million (FAO, 2015; p. 2). Hence, Table 8 shows costs hitting a ceiling of USD 32
million in 2040 and 2080.

Table 8: Potential costs from climate-related reductions in Lebanon’s fish harvest (2015 USD)

Year 2020 2040 2080
Val_u_e of reduction in fish harvest per year in Lebanon USD 13 USD 32 USD 32
(millions)

Numbers reflect the rounding rules described in the Introduction.

Assumptions, data, and calculation

This analysis assumes DARA and Climate Vulnerability Forum (2012) provides a reasonable
representation of the climate-related costs (2015 USD) in this sector in 2010 (USD 5 million) and
2030 (USD 38 million). It then interpolates and extrapolates from these estimates to calculate
costs in 2020, 2040, and 2080. Calculation of these costs involves these steps:

Step 1. Calculate the average annual increase in lost production between 2010 and 2030.
Result: about 10%.
Step 2. Calculate the expected cost in 2020, 2040, and 2080. Assume that the average

annual growth rate for lost production would continue. Results: USD 13 million in
2020, USD 93 million in 2040, and USD 4,500 million in 2080.

Step 3. Assume costs would not exceed USD 32 million. Table 8 shows the results.
Discussion

The actual costs might be higher or lower than those shown in Table 8. Costs might be higher,
for example, if changes in climate reduce fish stocks faster than anticipated. They might be
smaller, though, if the reductions were to occur more slowly or if other fish species were to move
into local waters to replace those depleted by climate change. In-migration of species might
occur, for example, if an increase in sea temperature, coupled with the enlargement of the Suez
Canal, leads to the introduction from the Red Sea of species that are more adapted to higher
temperatures. While the impact on marine biodiversity is surely negative, it is difficult to exactly
assess the economic impact of the decrease in fish stocks caused by climate change.
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4.1.4. Increases in the prices Lebanon’s consumers pay for food because of climate-
related increases in global food prices

Description

Anticipated changes in global climate are expected to reduce world food supplies and increase
food prices. Reductions in production would occur in response to increases in ambient
temperatures, changes in annual and seasonal precipitation, and increases in extreme weather
events. Higher temperatures would generally reduce growth rates for livestock, and for all crops
experiencing more than 3°C of local warming, although some crops might show variation in
effects from lower temperature increases (Porter et al., 2014). The resulting increases in world
food prices would resonate in Lebanon, increasing costs for Lebanon's consumers.

Results

Table 9 shows the potential economic cost to Lebanon’s consumers that would materialize as
global GHG emissions under the highest-emissions scenario increase global food prices relative
to prices expected with unchanging climate. The average cost per household ranges from USD
360 in 2020, to USD 3,600 in 2080.

Table 9: Potential costs to Lebanon’s consumers from climate-related increases in global food prices (2015 USD
and 2015 LBP)

Year 2020 2040 2080
Climate-related increase in food prices 1.6% 12% 44%
Total cost to Lebanese consumers per year (millions) UsD 470 UsD 1,700 USD 5,000°
(Pnrqiﬁleié(—)iss)uced reduction in food consumption USD 310 USD 340 USD 330
Increase in cost of food that is consumed (millions) USD 160 UsSD 1,300 USD 4,700
Cost per Lebanese household per year USD 360 USD 1,200 USD 3,600

Numbers reflect the rounding rules described in the Introduction.

@ Because of rounding, the total, USD 1,700 million differs slightly from the sum of USD 340 million and USD 1,300 million.
b Because of rounding, the total, USD 5,000 million, differs slightly from the sum of USD 330 million and USD 4,700 million.

Assumptions, data, and calculation

This analysis assumes that the results from Nelson et al. (2014) reliably estimate the potential
impacts of climate change on global food prices and that these impacts reflect potential increases
in consumers’ food costs in Lebanon. That study integrated climate, crop, and economic models
to assess how global crop production and prices likely would respond from 2005 through 2050
under the IPCC's highest-emissions scenario, RCP8.5. Lebanon’s households would incur costs
through two, related mechanisms: higher food prices would cause them to reduce their food
consumption, and raise the costs of the food they do consume. Calculation of the potential
economic cost to Lebanon's households from the anticipated reduction in global agricultural
production resulting from GHG emissions under a high-emissions scenario involves these steps:

Step 1. Assume that Nelson et al. (2074) reliably estimates the potential impacts of rising
temperatures on consumers' food consumption and costs in Lebanon. That study
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concluded that, under RCP8.5, changes in climate would cause global crop prices
to increase 20% from 2005 to 2050, and the increase in food prices would cause
food consumption to drop 3%.

Step 2. Estimate the global increase in temperature from 2005: 0.15°C in 2020, 1.15°C in
2040,1.9°Cin2050,and 4.15°Cin2080. (See Annex Il for estimates of temperature.)
Step 3. Calculate the percentage increase in global food prices in 2020, 2040, and 2080.

Linearly interpolate and extrapolate based on estimated increases in temperature,
relative to the estimated increase between 2005 and 2050. Table 9 shows the
results.

Step 4. Estimate what Lebanon’s consumers would pay for food without the effects of
future climate change. Assume per-person expenditures on food and non-alcoholic
beverages were LBP 1,586,000 in 2012 (Central Administration of Statistics,
2015b). Assume this level remains constant so that total expenditures would
change proportionate to the expected population, 5.5 million in 2020, 6.0 million in
2040, and 5.9 million in 2080. (See Annex Il for estimation of population). Results:
LBP 8.7 trillion in 2020, LBP 9.5 trillion in 2040, and LBP 9.4 trillion in 2080. Convert
these amounts to 2012 USD by dividing by 869 LBP/USD (World Bank, 2015a)
and to 2015 USD using the personal consumption expenditures index (Federal
Reserve Bank of St. Louis, 2015). Results: USD 10,300 million in 2020, USD 11,300
million in 2040, and USD 11,100 million in 2080.

Step 5. Assume the expected increases in prices will reduce food consumption by 3%.
Table 9 shows the results.

Step 6. Calculate the expected increases in the cost of consumers' reduced food
consumption. Multiply the estimated, climate-related percentage increase in
prices times 97% of the estimated expenditures absent climate change. Table 9
shows the results.

Step 7. Calculate total cost to consumers by adding the reduction in consumption plus
the additional cost of the reduced consumption. Table 9 shows the results.

Step 8. Calculate the increase in food costs per household. Divide the overall increase in
consumers’ food costs by the estimated number of households: 1.3 million in
2020, 1.4 million in 2040, and 1.4 million in 2080. (See Annex Il for estimation of
population). Table 9 shows the results.

Discussion

The actual costs from the impacts of climate change on global food prices might be higher
or lower than those shown in Table 9. Uncertainty about the costs arises largely because this
analysis lacked sufficient information and resources to account for all the climate-related effects
on crop production. For example, it overlooks the potentially offsetting effects of increased crop
production from higher CO, concentrations and decreased production from increased ozone
concentrations, increased attacks from pests, and more frequent extreme weather events. There
are reasons, however, to believe that, overall, the omitted effects will, in actuality, push costs
higher. Recent research suggests that the higher CO, concentrations generally will not result
in the higher crop yields previously anticipated because soils generally will have insufficient
nutrients to support the higher yields (Weider et al., 2015). Some field research has found that the
productivity of some crops falls markedly if temperatures surpass some threshold; a warming of
1°C, for example, might render 40% of the area currently used to grow maize no longer suitable
for this crop (Potsdam Institute, 2013; p. xviii). An overall assessment of climate-related risks
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to crop production concluded that, “Most of the factors not taken into account in the models
— and the projections — are likely on balance to have a negative effect” (Porter, Montesino, and
Semenov, 2015; p. 67).

4.2. Costs from impacts of climate on water

If current trends in global GHG emissions continue, the resulting changes in climate would
reduce the quantity and quality of Lebanon's freshwater supplies. These reductions would,
in turn, impose costs on Lebanon's households, farms, businesses, communities, and
government. The costs would materialize in several ways. Some consumers would pay extra to
secure additional supplies of water for domestic/industrial uses, or to obtain supplies with the
desired quality characteristics. As changes in climate reduce the stream flows that generate
hydroelectricity, some consumers would pay extra to secure electricity from other sources.
Insofar as replacement supplies of water and electricity remain unavailable, consumers would
experience a loss in wellbeing from their unmet demands.

The following analyses describe costs associated with climate-related reductions in:

1. Agricultural and domestic/industrial water supply.
2. Water supply for generation of hydroelectricity.

4.2.1. Reductions in agricultural and domestic/industrial water supply

Description

Reductions in Lebanon’s water supply would materialize as changes in climate diminish
the amount of precipitation falling in Lebanon and higher temperatures accelerate
evapotranspiration. This analysis describes one indicator of the resulting economic cost: the
cost of securing replacement quantities of water for domestic/industrial uses.

Results

Table 10 shows the potential, climate-related reduction in water supplies in Lebanon from
anticipated declines in precipitation and increases in evapotranspiration, as well as the costs of
replacing the lost water. Anticipated changes in climate would reduce the nation's exploitable
supplies of water by about 1% in 2020, 8% in 2040, and 29% in 2080 (MoE/UNDP/GEF, 2011).
The analysis assumes that, for 2020, the impact of the lost water on supplies available to
consumers would be offset at a cost of USD 1 per cubic meter. This amount represents the
cost of investments that would reduce leakage from the water system and improve water
conservation (adapted from World Bank, 2010; p. 48). For 2040 and 2080, the analysis assumes
that offsetting the impact of the lost water on supplies available to consumers would require
investments in wastewater reuse or desalination, at a cost of USD 2 per cubic meter (adapted
from World Bank, 2010; p. 45).

The data also show the potential distribution of costs between households and government.
Households would realize costs by forgoing productive uses of water no longer available and
through the environmental degradation that would accompany efforts to offset the decline
in water supplies; government would realize a reduction in revenues and increases in costs.
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The analysis assumes a distribution of costs—60% and 40%, respectively—which reflects the
current distribution of costs associated with inadequacies in the water system (adapted from
World Bank, 2010; p. ii) and assumes it would extend into the future.

Table 10: Climate-related reductions in water supply and costs to replace the lost water in Lebanon (2015 USD)

Year

2020 2040 2080

Reduction in exploitable water supply per year in Lebanon

Percent 1 8 29
Volume (million cubic meters per year) 20 160 580
Cost per year to replace the lost water in Lebanon
Total (millions) USD 21 USD 320 USD 1,200
Households (millions) USD 12 USD 190 USD 720
Government (millions) USD 8 USD 130 USD 480

Numbers reflect the rounding rules described in the Introduction.

Assumptions, data, and calculation

This analysis assumes that Lebanon's total annual exploitable water supply is 2,000 million
m? (MoE/UNDP/GEF, 2017; pp. 7, 9) and that the supply would diminish about 7% per degree
Celsius increase in temperature from 2010 (MoE/UNDP/GEF, 2011, p. xv). Calculation of the
potential costs of the reductions in supply involves these steps:

Step 1.

Step 2.

Step 3.

Step 4.

Discussion

Estimate the total climate-related increase in temperature since 2010: 0.15°C
in 2020, 1.15°C in 2040, and 4.15°C in 2080. (See Annex Il for estimation
of temperature increase.)

Calculate the reduction in exploitable water supply. Multiply the change in
temperature times the 7% reduction in water supplies per degree. Table 10 shows
the results.

Calculate the cost of replacing the lost water. Assume the cost would be USD
1 per m® in 2020, reflecting the estimated cost of reducing leakage in the water
system and increasing water conservation (World Bank 2010; p. 48, adjusted to
2015 USD). Assume the replacement cost would be USD 2 per m?® in 2040 and
2080, reflecting the cost of wastewater reuse (adapted from World Bank 2010;
p. 45, adjusted to 2015 USD) and desalination (Fichtner, 2011; pp. 6-78 — 6-80).
Table 10 shows the results.

Calculate the distribution, between households and government, of the costs of
inadequate provision of public water supplies. Assume the current 60:40
distribution (World Bank 2010; p. ii) would apply in the future. Table 10 shows the
results.

The actual costs might be higher or lower than those shown in Table 10. All else equal, costs
would likely be higher, insofar as insufficient information exists for this analysis to describe
other potential costs from the impacts of climate change on water, such as these:
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- Climate-related reductions in water quality.
- Climate-related changes in the spatial and temporal distribution of precipitation.

Several factors might intensify the costs of climate-related reductions in water supplies. With
higher temperatures and tighter water scarcity, for example, the value of each incremental
reduction in water supplies might increase, perhaps steeply. Greater variability in precipitation,
temperatures, and evapotranspiration might result in periods and places with extreme
mismatches between water supply and demand, with severe shortages causing abnormally
high economic costs.

4.2.2. Reductions in water supply for generation of hydroelectricity

Description

Lebanon's supply of hydroelectricity will diminish as changes in climate declining precipitation
and rising temperatures reduce the water in rivers available to drive hydropower plants. The
electricity sector and consumers will incur costs to secure replacement supplies of electricity.

Results

Table 11 shows that the anticipated climate-related reductions in water flows would reduce
Lebanon's hydroelectricity generation by 15 gigawatt-hours (GWh) in 2020, 150 GWh in 2040,
and 540 GWh in 2080. The electricity sector and its customers would incur costs of USD 3
million in 2020, USD 30 million in 2040, and USD 110 million to obtain replacement electricity
from other sources.

Table 11: Climate-related reduction in hydroelectricity generation and replacement cost in Lebanon (2015 USD)

Year 2020 2040 2080
Reduction in water flow in Lebanon per year (%) 1 8 29
Reduction in hydroelectricity generation (%) 1 8 29
Reduction in hydroelectricity generation (GWh) 15 150 540
Cost to replace lost electricity per year (millions) UsbD 3 USD 31 UsSD 110
Cost per year per household in Lebanon UsD 2 USD 31 UsSD 110

Numbers reflect the rounding rules described in the Introduction.

Assumptions, data, and calculation

This analysis assumes that Lebanon's total annual exploitable water supply is 2,000 million m?
(MoE/UNDP/GEF, 2011; pp. 7, 9) and that the supply will diminish about 7% per degree Celsius
increase in temperature (MoE/UNDP/GEF, 2011, p. xv). Calculation of the potential costs of the
reductions in supply involve these steps:

Step 1. Assume changes in climate had raised temperature 0.85°C by 2010 and that

anticipated changes in climate will increase temperatures an additional 0.15°C
in 2020, 1.15°C in 2040, and 4.15°C in 2080 (See Annex Il for estimation of

temperature increase).



Step 2. Estimate future hydroelectricity generation, absent reductions in stream flow.
Assume hydroelectricity capacity would increase 3% per year until 2030, under
the mitigation scenario 2 developed in Lebanon's SNC (MoE/UNDP/GEF, 2011;
p. 51), then level off because there would be insufficient stream flows for further
growth. Assume hydroelectricity generation would increase from 1,025 GWh in
2010, in parallel with the increase in generating capacity. Results: 1,390 GWh in
2020, 1,870 GWh in 2040, and 1,870 GWh in 2080.

Step 3. Calculate the percentage reduction in stream flow and assume that the same
percentage reductions would occur in electricity generation. Assume stream
flows would fall 7% per increase of 1°C since the SNC (MoE/UNDP/GEF, 2011; p.
xv). Table 11 shows the results.

Step 4. Calculate the cost of replacing the lost electricity. Assume the replacement
electricity would come from burning heavy fuel oil at a cost of about USD 210,000
per GWh (adapted from World Bank, 2008; p. 25, adjusted to 2015 USD). Table 11
shows the results.

Step 5. Calculate the average cost per household. Divide the overall increase in consumers'
food costs by the estimated number of households: 1.3 million in 2020, 1.4 million
in 2040, and 1.4 million in 2080. (See Annex Il for estimation of population.) Table
11 shows the results.

Discussion

The actual costs might be higher or lower than those shown in Table 11. The actual impact of
climate change on hydroelectricity production would depend not just on the reduction in stream
flows but also on the quantity and configuration of the hydroelectric dams. The actual cost of
replacement supplies of electricity would depend on the type(s) of generation employed. The
costs of replacement electricity from other sources might rise initially, for example, but then
decline as new technologies, such as solar, become more efficient. Costs also will be sensitive
to changes in the supply and prices of natural gas and other fuels. Government likely would
directly bear the costs of central generating facilities integrated into the grid. Households and
businesses likely would indirectly bear some of these costs through payments for electricity
consumed from the grid. They also would directly bear costs of generating replacement supplies
of electricity from privately-owned generators.

4.3. Costs from climate-related natural disasters

Description

Lebanon will experience economic costs as anticipated changes in climate cause natural-
resource disasters, such as more severe storms, floods, droughts, wildfires, and outbreaks of
disease and insects. The costs will materialize in several ways. Direct costs would materialize
as disasters destroy buildings, homes, equipment, bridges, and other physical capital. Some
disasters might kill and injure humans, livestock, fish, or wildlife. Most will require clean-up.
All will divert the attention and efforts of workers, families, businesses, and communities that
otherwise could have been productive doing other things. Additional costs will materialize as
affected individuals endure short-term suffering and the long-term effects of anxiety and post-
traumatic stress, reducing the wellbeing and productivity of themselves, their families, and their

communities.



Results

Table 12 shows the potential costs Lebanon would experience from climate-related droughts,
floods/landslides, and storms, if recent trends in the global GHG emissions continue unabated.
The costs reflect the value of lost crops, damage to structures, and other damage, as well as the
value of disaster-related deaths.

Table 12: Potential costs to Lebanon from climate-related natural disasters (2015 USD)

Year 2020 2040 2080
Total cost of damage from natural disasters in USsD 7¢ USD36  USD 1.600°
Lebanon (millions)

Damage frpr_n droughts, floods, landslides, and USD 5 USD 35 USD 1,600

storms (millions)

Damage related to deaths caused by disasters USD 1 USD 1 USD T

(millions)

Numbers reflect the rounding rules described in the Introduction.
@ Because of rounding, the total, USD 7 million differs slightly from the sum of USD 5 million and USD 1 million.
b Because of rounding, the total, USD 1,600 million, differs slightly from the sum of USD 1,600 million and USD 1 million.

Assumptions, data, and calculation

This analysis calculates the potential economic costs of three types of climate-related natural
disasters: droughts, floods/landslides, and storms. The calculation involves these steps:

Step 1. Assume the average annual rate of growth between 2010 and 2030 in Lebanon's
costs from climate-related natural disasters (DARA and Climate Vulnerability
Forum, 2012) provides a reasonable basis for calculating the costs in 2020, 2040,
and 2080. Results: direct costs will continue to grow about 10% annually; mortality
will remain unchanged, at 1 death per year.

Step 2. Calculate the costs for 2020, 2040, and 2080. Assume the value per death is USD
1.35 million (IPCC, 2001, adjusted to 2015 USD). Table 12 shows the results.

Discussion

The actual costs from climate-related natural disasters might be higher or lower than those
shownin Table 12. All else equal, however, it seems reasonable to conclude that actual costs likely
would be higher, insofar as this analysis does not describe all the ways in which these disasters
would impose costs on Lebanon. For example, these disasters would create psychological
distress for most of those directly affected and a long-term legacy of post-traumatic stress for
many (Doppelt, forthcoming), but the currently available information on these effects cannot
support calculation of the associated economic costs. Other long-term costs of these disasters
likely would materialize as they diminish education, productivity, and earnings for individuals
who are children when a disaster strikes (Vivid Economics, 2010).

This analysis does not include the costs from flooding associated with climate-related rise in
sea levels. These are incorporated into the description of the overall costs of sea-level rise in

Section 4.7.



4.4. Costs from impacts of climate change on tourism

Description

If current trends in global GHG emissions continue, the resulting changes in climate would
likely reduce the quantity and quality of Lebanon’s natural-resource attractions for tourists. This
analysis describes the reduction in GDP that might result as changes in climate reduce the
intrinsic recreational and environmental attractiveness of Lebanon'’s coastal areas to domestic
and international tourists (Bosello and Eboli, 2013). This outcome would materialize as changes
in climate reduce biodiversity—the number of coastal terrestrial species, especially birds and
mammals, and the richness of coastal habitat—and the attractiveness of coastal cultural
heritage sites (Onofri, Nunes, and Bosello, 2013).

Regional analyses representative of Lebanon have found that potential climate-related
reductions in biodiversity might reduce tourism demand by about 1.4% in 2050 (Bosello and
Eboli, 2013; p. 7). Reduced tourism spending in coastal areas has ripple effects throughout the
economy. Some of these effects depress spending in sectors linked to coastal tourism, such
as transportation and the production of food for international tourists. To some extent, though,
lower coastal spending might be offset if tourists spend more in other parts of the country.

A search for relevant information found too little to support a reliable analysis of the potential
effects of climate change on other elements of tourism in Lebanon. This is especially the case
for the winter tourism industry. General assessments have concluded that anticipated changes
in climate likely would have mixed impacts on the industry (Burki, Elassser, and Abegg, 2003).
It would exacerbate uncertainty about the availability of suitable levels of snow at low-elevation
skiareas, but perhaps increase the attractiveness of existing and proposed ski areas at medium-
and high-elevation locations.

A reliable analysis of the overall effects and costs would require an estimate of the quantity and
the value of winter tourism that would be lost, solely because of climate change, in 2020, 2040,
and 2080. These data do not seem to be readily available. Existing data describe, at best, the
number of visitors to ski resorts in past years. They do not provide a reliable baseline estimate
of the expected number of visitor-days, absent climate change, or of the number of visitor-days
that would be displaced by anticipated changes in climate. Existing data also do not support
reliable quantification of the two components of value important to economic analysis: the
spending per visitor-day, and the extent to which the benefit consumers enjoy per visitor-day
exceeds what they spend.

Results
Table 13 shows the potential effect of climate change on GDP if current trends in global GHG

emissions continue to reduce the terrestrial biodiversity and, hence, attractiveness, of Lebanon’s
coastal areas.



Table 13: Potential reduction in GDP that would occur as changes in climate reduce the attractiveness to tourists
of Lebanon'’s coastal resources (2015 USD)

Year 2020 2040 2080

Reduction in GDP from fewer tourists in Lebanon's
coastal area (millions)

USDh 22 USD 160 USD 1,800

Numbers reflect the rounding rules described in the Introduction.

Assumptions, data, and calculation

The calculation of the costs associated with potential reductions in coastal tourism because of
the effects of climate change on biodiversity involves these steps:

Step 1. Assume that Lebanon’'s GDP would, on average, grow 3.2% per year, absent the
effects of global GHG emissions in 2015 and subsequent years (Moore and Diaz,
2015). Results (2015 USD): 55,000 million in 2020, 160,000 million in 2040, and
370,000 million in 2080.

Step 2. Assume that the “Reference Scenario” estimates of the reduction in coastal
tourism demand and the resulting effects on GDP, estimated for the Middle East
Region (Bosello and Eboli 2103) provide reasonable estimates applicable to
Lebanon. Results: reduction in GDP of 0.04% in 2020, 0.15% in 2040, and 0.61%
in 2080.

Step 3. Calculate the reduction in GDP resulting from the potential reductions in coastal
tourism because of the effects of climate change on biodiversity. For each year,
multiply the estimated GDP times the percentage reduction. Table 13 shows the
results.

Discussion

The actual costs might be higher or lower than those shown in Table 13. They might be lower, for
example, if climate change has greater impacts on coastal biodiversity in other countries, thereby
iImproving Lebanon's relative attractiveness to tourists. They might be higher, for example, if
global GHG emissions cause sea levels to rise more than indicated by previous research
(Hansen et al. in review). Higher temperatures resulting from global GHG emissions also might
reduce the attractiveness of Lebanon’s coastal areas relative to comparable sites further from
the equator that experience smaller increases in temperature. Potentially negative impacts on
other components of Lebanon’s tourism sector, a reduction in snow on its mountains in winter,
also likely would increase the negative impacts on GDP.

4.5. Costs from impacts of climate change on electricity consumption

Description
Anticipated changes in climate will impose costs on Lebanon as higher temperatures increase

the demand for air-conditioning, refrigeration, and other forms of cooling. The costs will
materialize as producers generate, and consumers pay for, the additional electricity necessary

to satisfy the demand.



According to MoE/UNDP/GEF (2011), as the increase in temperature will take place in both
winter and summer seasons, a reduction in heating demand can be expected. However, the
increase of occurrence of extreme events, notably cold spells, would increase peaks in heating,
which would balance the overall yearly demand. Therefore, the analysis below focuses only on
the increase in cooling demand.

Results

Table 14 shows that anticipated climate-related increases would increase electricity use for
cooling by 0.5 billion kilowatt-hours (kWh) in 2020, 4.3 billion kWh in 2040, and 167 billion kWh in
2080. Lebanon's electric utilities and consumers would incur costs of USD 110 million in 2020,
USD 900 million 2040, and USD 34,800 million 2080 to generate the electricity required to meet
climate-related demand for cooling.

Table 14: Cost of electricity to meet climate-related increase in demand for cooling (2015 USD)

Year 2020 2040 2080

Increased electricity consumption for cooling in
Lebanon (billion kWh)

Cost of additional electricity consumption in Lebanon
(millions)

0.5 4.3 168

USD 110 USD 900  USD 34,800

Numbers reflect the rounding rules described in the Introduction.
Assumptions, data, and calculation

The calculation of the cost of electricity to meet climate-related demand for cooling involves
these steps:

Step 1. Estimate the additional electricity per 1°C increase in average annual temperature
in Lebanon. MoE/UNDP/GEF (2011) indicates an increase of 1.8% in electricity
consumption for a 1°C increase in temperature, and a further increase of 2% in
electricity consumption for each additional 1°C increase in temperature.

Step 2. Estimate the expected climate-related increase in temperature. Assume an
increase of 0.85°C in 2010 and 1°C in 2020 (IPCC, 2013b; pp. 5 and 18), growing
to 2°C in 2040 and to 5°C in 2080 (MoE/UNDP/GEF, 2011; p. ix).

Step 3. Estimate what total electricity consumption would be in 2020, 2040, and 2080
without climate-related demand for cooling. Assume electricity consumption
was 15 billion kilowatt hours (kWh) in 2010 (World Bank, 2015e), climate-related
demand was an insignificant component of the demand, and consumption would
grow 7% annually (MoE/UNDP/GEF, 2011; p. xii.). Results, in billion kWh per year:
30in 2020, 120 in 2040, and 1,700 in 2080.

Step 4. Calculate the climate—related increase in electricity demand for cooling. Multiply
the estimated electricity consumption without climate-related cooling times 1.8%
In 2020, 3.8% in 2040, and 5.8% in 2080. Table 14 shows the results.

Step 5. Calculate the cost of producing the additional electricity. Assume a cost of USD
0.21 per kWh, the recent cost of significant incremental increases (from industrial
self-generation using heavy fuel oil) in electricity generation (World Bank, 2008; p.
25 adjusted to 2015 USD using the personal consumption expenditures index).

Table 14 shows the results.



Discussion

The actual costs might be higher or lower than those shown in Table 14. Future generation of
additional electricity will likely involve technologies other than combustion of heavy fuel oil, but it
is not clear if the generation costs would be higher or lower. The demand for cooling and, hence
the cost of producing the necessary electricity may be higher than indicated if demand grows
faster than temperatures.

Increased average annual temperatures will impose costs other than those linked to higher
demand for cooling. They generally will lower the efficiency of thermal power plants, increase
electricity losses in transmission lines, and reduce the efficiency of electrical motors and devices.
An energy audit check list for all the possible effects of a change in the average temperature on
all the types of electromechanical equipment would set the path for a more precise assessment
on quantified effects of temperature increase on the entirety of the electricity sector.

4.6. Costs from impacts of climate change on the health of Lebanon's citizens

The changes in climate anticipated under the IPCC's highest-emissions scenario, RCP8.5, likely
would increase the risks of mortality (deaths) and morbidity (illness and disability). The resulting
economic costs would include increased healthcare costs, the individual's lost productivity
at work and home, and reduced quality of life while ill. It also includes reductions in welfare
associated with increased risk of mortality or morbidity, even if one does not actually experience
death, iliness, or disability. This section separately describes the potential costs associated with
climate-related increases in:

1. The risk of death.
2. The risk of illness and disability.

4.6.1. Risk of death
Description

Lebanon will experience economic costs as climate change increases the risk of death. These
costs include the lost enjoyment of life, forgone contributions to family and community, as well
as lost labor production.

Available information supports calculation of these costs for two ways in which climate change
would increase the risk of death. One would occur when higher temperature and humidity
increases the risk of death directly, through hyperthermia, and indirectly, through respiratory or
cardiovascular malfunctions. Most of this increase in mortality risk would fall on people over
age 65. The other would occur when changes in climate increase the risk of death through
malnutrition, diarrhea, malaria, floods, and cardio-vascular disease. This type of mortality risk
can affect people of different ages, although children constitute the bulk of those who die from
diarrhea and malaria. There may be some overlap between the two types of estimates, insofar
as they both consider interactions between climate change and cardiovascular disease.

By estimating the value of the increased risk of death, this analysis is not placing a monetary

value on thelives of the individuals who may die prematurely because of climate change. Instead,
it reflects the overall risk to society. The cost estimates represent how much people throughout
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society are willing to pay for small reductions in their risk of dying, or, alternatively, how much
compensation they would require to willingly accept an increase in risk.

Studies have found that the willingness to pay for risk reductions generally is lower in poor
countries than in rich countries not because poor people value life less but because their ability
to pay is lower. This difference raises concerns when choosing any value to represent the value
of mortality risk, especially when rich countries emit much of the GHGs that increase mortality
risk, and most of the risk of climate-related deaths occurs in poor countries. These concerns
have prompted protracted debate about whether to choose a value from studies conducted in
poor countries or from studies conducted in rich countries. Accordingly, the IPCC (2001: p. 483)
has recognized that it might be appropriate to use an “equity-adjusted” average value across
all countries of about USD 1.35 million per potential death (adjusted to 2015 USD). The costs
would be three times larger if the analysis applied the value the OECD (2017; p. 24) uses to
evaluate mortality risk in rich countries as a whole, and six times larger if it applied the value the
U.S. Environmental Protection Agency (2015) uses to evaluate mortality risk in the U.S.

Results

The numbers in Table 15 represent the potential economic costs associated with the increased
risk of death that changes in climate anticipated under the IPCC's highest-emissions scenario
would impose on Lebanon. Regional estimates of mortality risk developed by the World Health
Organization (Campbell-Lendrum and Woodruff, 2007) indicate that, if current trends in GHG
emissions continue, climate change might cause about 34,900 deaths per year in Lebanon by
2020, 40,500 by 2040, and 45,500 by 2080. Most of these would occur through increases in
malnutrition, diarrhea, malaria, and floods, and interactions with cardiovascular disease. The
costs associated with climate-related increases in mortality risk total USD 47,200 million in
2020, USD 54,700 million in 2040, and USD 61,400 million in 2080.

Table 15: Potential economic costs of climate-related risk of death in Lebanon (deaths per year and 2015 USD)

Year 2020 2040 2080
Number of climate-related deaths per year in Lebanon
Heat stress 3,900 6,600 12,200
Total 34,9002 40,500 45,500

Costs of increased risk of death in Lebanon
Heat stress (millions) USD 5,200 USD 9,000 USD 16,400

Malnutrition, diarrhea, malaria, floods,
cardiovascular disease (millions)

Total (millions) USD 47,200°  USD 54,700¢  USD 61,400

USD 41,900 USD 45,800  USD 45,000

Numbers reflect the rounding rules described in the Introduction.

@ Because of rounding, the total, 34,900 differs slightly from the sum of 3,900 and 31,100.

b Because of rounding, the total, USD 47,200 million differs slightly from the sum of USD 5,200 million and USD 41,900 million.
¢ Because of rounding, the total, USD 54,700 million differs slightly from the sum of USD 9,000 million and USD 45,800 million.
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Figure 5visually depicts the potential death-related costs from heat stress and from malnutrition,
diarrhea, malaria, floods, and cardiovascular disease.
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Figure 5. Potential costs from climate-related risk of death

Assumptions, data, and calculation

This analysis first estimates the increased risk of climate-related deaths in 2020, 2040, and
2080 from heat stress, or from malnutrition, diseases, and other effects of climate change. It
then multiplies each number by an estimate of the economic value society places on a one-
death increase in risk. The calculation involves these steps:

Step 1.

Step 2.

Step 3.

Calculate the number of potential climate-related deaths associated with heat
stress in 2020, 2040, and 2080. MoE/UNDP/GEF (2011; pp. 144-145) estimates
expected deaths in 2010 and 2030. Linear interpolation and extrapolation yields
the estimates shown in Table 15.

Calculate the number of potential climate-related deaths associated with
malnutrition, diarrhea, malaria, floods, and cardiovascular disease in 2020,
2040, and 2080. Campbell-Lendrum and Woodruff (2007) found, for the Eastern
Mediterranean Region in 2000, there have been 5,650 deaths attributable to
climate change per million population. Assume this ratio would apply in the future
to Lebanon'’s projected population. Estimates of population are 5.5 million in 2020,
6.0 million in 2040, and 5.9 million in 2080 (Annex Il describes the estimation of
population). Table 15 shows the results.

Calculate the economic cost associated with the projected climate-related risk of
death. Assume the cost (2015 USD) per potential death is USD 1.35 million (IPCC
2017, p. 483). Multiplying this value times the climate-related increase in expected
deaths yields the results shown in Table 15.
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Discussion

Theactual costs might be higher orlower than those shownin Table 15. If temperaturesrise higher
than expected, the resulting increase in heat stress, malnutrition, and disease might increase
the risk of death. Anticipated changes in climate may increase the risk of heat-stress mortality
more than indicated in this analysis. Researchers examining climate-related mortality risk in the
Los Angeles, USA, area, for example, conclude that heat-stress deaths may increase seven-fold
by mid-century, relative to the 1990s (Hayhoe et al., 2004). Changes in Lebanon's demographic
profile, with elderly cohorts becoming a larger percentage of the total population, also may have
an effect, insofar as elderly people often are more sensitive to heat stress (Sheridan and Allen,
2015). To the extent that anticipated changes in climate would yield warmer temperatures in
winter, this effect may reduce the risk of cold-related mortality (Sheridan and Allen, 2015). Some
research suggests, though, that this reduction may be minimal (Kinney et al., 2015).

Several factors would likely affect the impacts of temperature and humidity on human mortality.
For example, investment in air conditioning may diminish the number of people exposed to heat
and development of appropriate health-care facilities and technologies may diminish the effects
of heat stress. This analysis, however, describes the increased risk of death from global GHG
emissions and does not account for defensive investments and actions that might be taken to
offset the increased risk.

Most of the health costs likely would be borne by individuals and family, with some borne by
community and government.

4.6.2. Risk of illness and disability
Description

Economic costs would materialize as anticipated changes in climate increase the risk of illness
and disability for Lebanon’s citizens. These costs include direct costs associated with an
Iliness or disability, such as healthcare expenses. They also include indirect costs, such as the
affected individuals’ forgone enjoyment of life, their reduced ability to earn income, their inability
to contribute to the wellbeing of family and community, and the forgone earnings of family
members who provide them with in-home healthcare. By estimating the value of the increased
risk of illness and disability, this analysis is not placing a monetary value on the wellbeing of the
specific individuals who may become ill or disabled because of climate change.

Available information supports estimation of costs associated with two general ways in which
climate change can increase the risk of illness and disability. One involves the increase in heat
stress from higher temperatures and humidity. The other involves increases in malnutrition,
diarrhea, malaria, and flooding.

This analysis measures climate-related risk of illness and disability using a widely accepted
metric, the Disability-Adjusted Life Year (DALY) for people living with the iliness or disability or its
consequences. One DALY represents one person losing one year of a healthy life, or two persons
each losing a half-year, or three persons each losing a one-third year, etc. Costs measured using
estimates of the value of a DALY indicate the treatment costs and pain and suffering associated
with iliness or disability.
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This analysis calculates the economic cost associated with climate-related risk of illness and
disability using an estimate of the average treatment cost per DALY. The analytical results
therefore do not account for other costs, such as the reduction in the affected individuals' quality
of life and earnings.

Results

The numbers in Table 16 represent the costs climate change potentially would impose on
Lebanon by increasing the risk of illness and disability. The loss of healthy lives, measured in
DALYs would total 812,300 in 2020, 886,800 in 2040, and 874,000 in 2080. Most of this loss
would occur because of climate-related increases in malnutrition, diarrhea, malaria, and floods.
The economic costs associated with these losses of a healthy life would total USD 177,900
million in 2020, USD 194,300 million in 2040, and USD 191,500 million in 2080.

Table 16: Potential costs of climate-related risk of illness or disability in Lebanon (2015 USD)

Year 2020 2040 2080
Number of disability-adjusted life years (DALY) lost per year in Lebanon
Heat stress 620 1,300 3,300
Malnutrition, diarrhea, malaria, floods 811,600 885,400 870,700
Total DALY 812,300¢° 886,800° 874,000
Costs of increased risk of illness and disability in Lebanon
Heat stress (millions) USD 140 USD 300 UsD 730
Malnutrition, diarrhea, malaria, floods (millions) UsSD 177,800  USD 194,000 USD 190,700
Total (millions) USD 177,900  USD 194,300 USD 191,500¢

Numbers reflect the rounding rules described in the Introduction.

@ Because of rounding, the total, 812,300 differs slightly from the sum of 620 and 811,600.

b Because of rounding, the total, 886,800 differs slightly from the sum of 1,300 and 885,400.

¢ Because of rounding, the total, USD 177,900 million differs slightly from the sum of USD 140 million and USD 177,800 million.
d Because of rounding, the total, USD 191,500 million differs slightly from the sum of USD 730 million and USD 190,700 million.

Assumptions, data, and calculation

This analysis first estimates the increased risk of climate-related illness and disability, measured
in DALY, in 2020, 2040, and 2080, and then multiplies each number by an estimate of the
economic value per DALY. The calculation involves these steps:

Step 1. Estimate the number of potential lost DALYs associated with heat stress in 2020,
2040, and 2080. This analysis assumes:

- DALY would increase 3% per °C increase in temperature, applying research
findings for Gulf States (Husain and Chaudhary, 2008).

- The 2009 DALY in Lebanon (World Health Organization, 2011), adjusted for
an increase in temperature of 0.85°C since 1880 (IPCC, 2013b: p. 5), was

18,409.



- DALY in Lebanon would increase proportional to climate-related increase
in temperature: 1°C in 2020, 2°C in 2040, and 5°C in 2080 (IPCC, 2013b, and
MoE/UNDP/GEF, 2011).

- DALY would increase from 2009 proportional to population: 4.9 million in
2009, 5.5 million in 2020, 6.0 million in 2040, and 5.9 million in 2080 (Annex
[l describes the estimation of population). Table 16 shows the results.

Step 2. Estimate the number of potential lost DALYs associated with climate-related
effects on malnutrition, diarrhea, malaria, and floods in 2020, 2040, and 2080.
This analysis assumes 147,570 DALYs attributable to climate change per million
population, based on findings for the Eastern Mediterranean Region (Campbell-
Lendrum and Woodruff, 2007). It applies this ratio to Lebanon's projected
population—>5.5 million in 2020, 6.0 million in 2040, and 5.9 million in 2080 (Annex
Il describes the estimation of population). Table 16 shows the results.

Step 3. Calculate the overall economic cost associated with the projected climate-related
iIncreases in illness and disability. Assume the cost would be USD 219,060 per
DALY (Eggleston et al. 2011, and Highfill and Bernstein, 2014). Multiply the cost
per DALY times the number of lost DALYs. Table 16 shows the results.

Discussion

The actual costs might be higher or lower than those shown in Table 16. lliness-related costs
not reflected in this analysis may occur through increases in vector-borne diseases, such as
malaria, dengue fever, and yellow fever. DARA and Climate Vulnerable Forum (2012) conclude,
however, that the increases in these diseases would be negligible in Lebanon through 2030.
Changes in climate would likely impose additional costs on Lebanon through other types of
illness/disability, such as short-term water shortages and long-term effects of depression,
anxiety, and post-traumatic stress disorder among people who have suffered severe floods and
storms (Watts et al. 2015).

Most of these costs would be borne by individuals and family, with some borne by community
and government. Most of this increase in heat-related risk likely would fall on elderly individuals.
People of all ages would experience the risk of illness and disability from the other causes,
although children constitute to bulk of those who suffer from diarrhea and malaria.

4.7. Costs from impacts of climate change on ecosystems

Lebanon's aquatic and terrestrial ecosystems provide many valuable services that contribute to
human wellbeing (Millennium Ecosystem Assessment 2005). For example, a healthy watershed
ecosystem can collect, store, and regulate the flow of water better than one that has been
degraded. Ecosystems also can reduce and cleanse pollutants from the air and water, provide
fish and other foods for human consumption, and enable farmers to grow larger crops. Residents
and visitors depend on Lebanon’s ecosystems for subsistence, recreational activities, aesthetic
pleasure, and spiritual renewal. These and other services derived from ecosystems directly
improve the quality of life and reduce the cost of living for Lebanon’s citizens, reduce costs and
increase profits for many businesses, and lower government'’s costs of providing healthcare and
other services. The availability of ecosystem services also affects the overall level of economic
development and levels of poverty (Roe and Elliot 2004).
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As the climate changes in response to global GHG emissions, it would alter the ecosystems
and reduce their ability to provide these services. Anticipated changes in temperature and
precipitation also would increase soil erosion, stimulate outbreaks of pests and diseases,
encourage the proliferation of invasive species, and increase the risks associated with wildfires.
As a result, households, businesses, communities, and government would either go with the
contribution these services would have made to their wellbeing or incur costs to replace the
lost services. Limitations in relevant data prevent a comprehensive analysis of the potential
effects on services derived from Lebanon's ecosystems, and the associated economic costs.
This analysis examines only the economic costs associated with three categories of ecosystem
change: the loss of biodiversity; land degradation and its impacts on the productivity of cropland,
rangeland, and forests; and rising sea levels.

Description

This analysis builds on previous efforts that estimated Lebanon's potential economic costs
in 2070 and 2030 from the impacts of climate change on ecosystems (DARA and Climate
Vulnerability Forum 2012). It describes three types of impacts:

- Reduction in biodiversity. This component of economic costs reflects the potential
contraction in the distribution, and even the extirpation or extinction, of species. Costs
can materialize directly through the loss of species as well as through the associated
changes in ecosystem structure and function. For example, in aquatic habitats, the loss
of an edible fish in Lebanon's coastal waters could directly reduce the country's supply
of food or increase its cost. Similar outcomes could follow indirectly from the loss of a
species on which the fish preys. Additional costs can occur in many ways. For example,
the loss of biodiversity can reduce an ecosystem'’s overall rate of photosynthesis, its
ability to recover from a severe storm or other shock, or its resilience to pathogens. The
economic value of these effects comes from an analysis (DARA and Climate Vulnerability
Forum, 2012) that builds on descriptions, e.g., Costanza et al. (1997), of the global value
of the goods and services derived from different types of ecosystems.

- Land degradation. Protracted, severe drought canleave land unable to support vegetation,
converting it to desert. This process can generate economic costs through multiple
pathways. For example, degradation from drought can reduce the land's biological
productivity and decrease soil fertility and groundwater, limiting the growth of grass,
bushes, and trees (Global Risk Forum GRF Davos, 2013). Constriction in the supply of
forage for livestock and wildlife can reduce the supply of food for subsistence use and
commercial sale. Expansion of degraded areas can reduce opportunities for birding
and other recreational activities that otherwise would be available in association with
wetlands, irrigated farmlands, and other ecosystems.

- Sea-level rise. The Second National Communication (MoE/UNDP/GEF, 2011; p. xv) offers
this summary of the potential costly effects of sea level rise:

‘Sea levels have been continuously rising at an average rate of approximately 20
mmy/yr in the Levantine basin. If it were to continue in the future, it can reach up to
30-60 cm in 30 years, which will have an impact on the sand beaches in the south,
and on the coastal natural reserves such as the Palm Islands and the Tyre nature
reserves. This will also lead to seawater intrusion into aquifers which will affect not
only urban areas but also coastal irrigated agriculture. The potential impacts of
climate change on the coastal zone include coastal flooding and inundation during
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storms, sea water intrusion and salinization of coastal aquifers, coastal erosion
and loss of sand beaches, degradation of coastal ecosystems and nature reserves
and economic losses in coastal and marine activities such as tourism, agriculture,
fisheries, transportation and other essential services.”

Results

Table 17 shows the potential economic costs Lebanon's households, communities, and
government would realize as future global GHG emissions reduce the country's biodiversity,
intensify land degradation, and raise sea levels. In 2020, the three categories of costs would total
about USD 150 million, with rising sea levels and the loss of biodiversity each imposing costs of
about USD 60 million in 2020, and desertification imposing costs about half that amount.

Table 17: Potential economic costs from the effects of global GHG emissions on Lebanon's ecosystems (2015
USD)

Year 2020 2040 2080

lg;aslyi?g;c;r?ﬁiﬁ%iti)from effects on Lebanon'’s USD 150 USD 3807 USD 830°
Biodiversity (millions) UsD 62 USD 150 USD 330
Land degradation (millions) UsD 29 UsD 78 UsSD 170
Sea-level rise (millions) USD 59 USD 140 USD 320

Numbers reflect the rounding rules described in the Introduction.
@ Because of rounding, the total, USD 380 million differs slightly from the sum of USD 150 million, USD 78 million, and USD 140 million.
b Because of rounding, the total, USD 830 million differs slightly from the sum of USD 330 million, USD 170 million, and USD 320 million.

Figure 6 provides a visual representation of the three different types of ecosystem-related costs.
Due to data limitations, this chart shows only a limited portion of the overall costs that global
GHG emissions likely would impose on Lebanon’s ecosystems if current trends continue.
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Figure 6. Potential costs from some of the effects of global GHG emissions on Lebanon's ecosystems
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The calculation of the potential ecosystem-related costs involves these steps:

Step 1. Assume that findings reported by DARA and Climate Vulnerability Forum (2012)
provide reasonable estimates of each category of costs in 2010 and 2030.
Estimates for 2010 (adjusted to 2015 USD): USD 16 million for biodiversity loss,
USD 5 million for land degradation, and USD 16 million for sea-level rise.

Step 2. Calculate the average annual growth for the period, 2010-2030, in each category
of cost. Results: USD 4.56 million for biodiversity loss, USD 2.41 million for land
degradation, and USD 4.29 million for sea-level rise.

Step 3. Calculate the potential cost for each category in 2020, 2040, and 2080. Table 17
shows the results.

Discussion

The actual costs might be higher or lower than those shown in Table 17. Mounting evidence
suggests it would be reasonable to conclude that the costs likely would be higher. Hansen et
al (in review), for example finds that, if global GHG emissions continue current trends, sea level
might rise faster and generate greater economic damage than indicated by prior research.
Estimates of costs associated with reductions in biodiversity reflect the use, by DARA and
Climate Vulnerability Forum (2012), of the average per-hectare values reported by Costanza et
al. (1997). More recent research, e.g., DeGroot et al. (2012) and Costanza et al. (2014), suggests
that the ecosystem actual costs likely would be higher, but the DARA Climate Vulnerability
Forum has not yet integrated this research into its analytical framework. Even higher estimates
would result if the per-hectare value rises as services derived from ecosystems become scarcer.

4.8. Costs from impacts of climate change on society

Some of the costs that future changes in climate will impose on Lebanon will materialize through
changes in society's structures, practices, and security. This section describes the potential
costs associated with some of these changes:

1. Increases in violence resulting from increases in temperature.

2. Effects of climate-related heat stress on the productivity of Lebanon's workers.

3. Effects of climate-related undernourishment of children on their productivity and earnings
as adults.

4, Increases in climate-related displacement and migration of groups within Lebanon's
population.

Insufficient information exists to describe other potential costs from the impacts of climate
change on society, such as increases in poverty and in conflict and threats to human security.

4.8.1. Costs from the effects of climate change on violence

Description
Increases in temperature and changes in precipitation resulting from global GHG emissions

would likely stimulate increases in violence in Lebanon. Some of the increases in violence
would occur between individuals, e.g., domestic violence and homicides. Additional increases in
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violence would occur between groups. Intergroup violence could materialize within Lebanon'’s
borders, e.g., between groups living near one another within Lebanon, or between Lebanon and
its neighbors.

Systematic dataontherelationship between climate change and violence in Lebanon do not exist.
A large body of research from throughout the world, however, indicates higher temperatures and
precipitation stimulate an increase in human conflict (Hsiang, Burke, and Miguel, 2013). This
effect occurs at different spatial scales, from two people jousting with one another at home,
at work, or on a street, to regional warfare. Increases in violence generate costs via multiple
pathways (Patel and Taylor, 2012 and Institute for Economics and Peace, 2014). Individuals can
be killed orinjured. Their families can endure the loss of loved ones and incur costs for healthcare
for those injured, and to repair damage to homes and property. Communities can experience
damage to infrastructure and disruption of community development. They also can bear the
costs of gender inequality in the victims of some types of violence, the marginalization of some
groups, fractured social capital, degraded public spaces, and the continuation of conditions that
perpetuate violence. Government can incur costs associated with increased burdens on the
criminal justice, healthcare, social service, and military systems.

Anecdotal evidence suggests that higher temperatures and changes in precipitation in Lebanon
already are setting the stage for more violence. Conflict has occurred, for example, during water
shortages resulting from heat waves, reduced precipitation, or flooding that disrupts water
lines. Temperatures hotter than usual may have decreased the level of civility during public
demonstrations or increased the severity of the response to the demonstrations by security
officials. Extraordinarily hot days also may have contributed to flare-ups of conflict among
motorists stuck in traffic, or even during sporting events. The loss of assets, such as cars,
homes, and crops during climate-augments flooding or storms may have been associated with
increases in domestic violence within families or with reductions in the ability of neighbors and
communities to resolve disagreements amicably.

The Institute for Economics and Peace (2015) estimated that, in 2014, violence imposed costs on
Lebanon totaling USD 6,713 million. This amount represents costs incurred as the result of or to
prevent violence. The report identifies thirteen different categories of costs, acknowledging that
the lines between them often are cloudy. Five categories generally are associated more closely
with interpersonal violence: violent crime, fear, private security, homicides, and incarceration.
Ten categories relate more closely with intergroup violence: military expenditures, deaths
from external conflict, internally displaced people and refugees, UN peacekeeping, GDP losses
from conflict, internal security, terrorism, and internal conflict. At the global level, interpersonal
violence accounts for 32%, and intergroup violence accounts for 68% of the total costs.

Results

Lacking appropriate information regarding the effects of other factors, such as climate-related
changes in precipitation, this analysis focuses only on the effects of higher temperatures
on violence. Table 18 shows the potential costs that might materialize in Lebanon as higher
temperatures stimulate increased violence. Costs associated with anticipated increases in
intergroup violence outweigh those associated with increases in interpersonal violence by more
than ten-to-one. Costs increase nonlinearly as anticipated increases in temperature stimulate
additional violence as Lebanon’s population and economy grow.
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Table 18: Potential costs associated with violence resulting from climate-related increases in temperature (2015

USD)

Year 2020 2040 2080

Total (millions) USD 38 USD 840¢° USD 8,600°
Interpersonal violence (millions) UsD 3 USD 64 USD 660
Intergroup violence (millions) UsD 35 USD 780 USD 8,000

Numbers reflect the rounding rules described in the Introduction.

@Because of rounding, the total, USD 840 million differs slightly from the sum of USD 64 million and USD 780 million.

bBecause of rounding, the total, USD 8,600 million differs slightly from the sum of USD 660 million and USD 8,000 million.

Assumptions, data, and calculation

Calculation of the potential economic costs from violence related to climate-related increases in
temperature involves these steps:

Step 1.

Step 2.

Step 3.

Step 4.

Step b.

Discussion

Calculate the costs of interpersonal and intergroup violence in Lebanon in 2014.
Assume the global ratio between these two categories, 32:68 (Institute for
Economics and Peace, 2015), applies to Lebanon. Apply the ratio to the estimated
total cost, USD 6,713 million and adjust to 2015 USD. Results: interpersonal costs
of USD 2,200 million, intergroup costs of USD 4,600 million.

Assume that an increase in temperature equivalent to one standard deviation
in the temperature pattern of recent years would increase interpersonal conflict
by 2.3% and intergroup conflict by 13.2% (Hsiang, Burke, and Miguel, 2013; p. 10).

Calculate the anticipated increase in temperature, measured in standard deviations
from the current pattern. Assume that one standard deviation in maximum
temperature is equivalent to 1.8°C (ASHRAE, 2005). Assume climate-related
increases in temperature (in standard deviations) of 0.1 by 2020, 0.6 by 2040, and
2.3 by 2080. (See Annex Il for estimation of temperature increase.)

Calculate the increase in violence-related costs resulting from anticipated
iIncreases in temperature, assuming that Lebanon’'s population and economy
remain unchanged. Results: total costs would increase by USD 33 million in 2020,
USD 400 in 2040, and USD 1,500 million in 2080.

Calculate the increase in violence-related costs, accounting for anticipated
changes in population and GDP. Assume population would increase from 5.5
million in 2020, to 6.0 million in 2040, and 5.9 million in 2080. (See Annex Il for
estimation of populationincrease). Assume GDP would grow 2.6% per year (Moore
and Diaz 2015), from USD 46,000 million in 2014 to USD 54,000 million in 2020,
USD 89,000 million in 2040, and USD 250,000 million in 2080. Table 18 shows the
results.

The actual costs might be higher or lower than those shown in Table 18. In general, it seems
reasonable to assume that actual costs would likely be higher, insofar as anticipated changes
in extreme levels of precipitation—droughts or floods—likely would increase the levels and costs
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of violence even further, but to a degree less than occurs with increases in temperature (Hsiang,
Burke, and Miguel, 2013; p. 1). Moreover, as temperatures rise, each incremental increase might
stimulate proportionately more violence. If temperatures become sufficiently extreme to force
people to curtail their activities, however, each additional increase in temperature might yield a
decline in some types of violence.

4.8.2. Costs from the effects of climate-related heat stress on the productivity and
earnings of Lebanon’s workers

Description

The heat stress on workers from climate-related increases in temperatures and humidity
will lower their productivity and reduce their earnings. These costs will materialize as higher
temperatures and humidity reduce workers' capacity to complete physical work, increase the
risk of mental errors and accidents, and lower their overall productivity. Productivity also can fall
when workers, of their own volition or under directions from supervisors, reduce the intensity
of their work-effort or increase the frequency of their rest periods. Heat-stress reductions in
productivity can affect those working outdoors, especially workers directly exposed to sunlight,
as well as those working indoors in spaces that are not air-conditioned. If workers bear the full
burden of these effects, then their earnings would fall by an amount equal to the reductions in
productivity.

Results

Table 19 shows the costs that climate-related heat stress would potentially impose on Lebanon
by reducing workers' productivity if current trends in global GHG emissions continue. Total
costs to all affected workers would rise from about USD 43 million in 2020 to USD 1,400 million
in 2080. The average cost per worker (employed in the formal sector and self-employed) would
rise from about USD 30 in 2020 to USD 930 in 2080.

Table 19: Potential economic costs to Lebanon from reductions in workers' productivity and earnings associated
with climate-related heat stress (2015 USD)

Year 2020 2040 2080
Total_ reduction in p_ro_duct|V|ty and earnings per USD 43 USD 160 USD 1,400
year in Lebanon (millions)

Cost per worker per year in Lebanon USD 30 USD 100 USD 930

Numbers reflect the rounding rules described in the Introduction.
Assumptions, data, and calculation

Calculation of the potential economic cost to workers from the impacts of climate-related heat
stress on labor productivity involves these steps:

Step 1. Assume that, in 2010, all workers in Lebanon, including those in the formal sector
and those who were self-employed, earned USD 13,000 million (Alloush et al.,
2013 and Robalino and Sayed, 2012) and that climate-related heat stress reduced
workers' total productivity and earnings by USD 25 million in Lebanon (DARA and
Climate Vulnerable Forum, 2012). Result: the reduction in earnings was 0.19%.
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Step 2. Calculate the total reduction in productivity and earnings. Assume that, if global
GHG emissions do not follow current global trends, GDP would grow 3.2% annually
(Moore and Diaz, 2015) and that earnings and lost earnings would grow at the
same rate. Assume that, if global GHG emissions do follow current trends, the
climate-related increase in temperature would grow from 0.85°C in 2010 to 1°C
in 2020, 2°C in 2040, and 5°C in 2080 (see Annex Il for temperature estimation),
and that lost earnings would grow proportionate to the increase in temperature.
Table 19 shows the total reduction in productivity and earnings for 2020, 2040,
and 2080.

Step 3. Assume the number of workers would grow from 1.3 million in 2010 (Robalino
and Sayed, 2012) proportionate to the increase in population (see Annex Il for
estimation of population). Results: 1.43 million in 2020, 1.56 million in 2040, and
1.54 million in 2080.

Step 4. Calculate the cost per worker. Divide the total reduction in productivity/earnings
by the number of workers. Table 19 shows the results.

Discussion

This analysis shows the potential effects of climate-related heat stress on workers' productivity.
The actual costs might be higher or lower than those shown in Table 19. For example, costs might
be lower than those shown in the table if labor-market characteristics, such as the incidence of
outdoor work and indoor air-conditioning, would lower the number of workers exposed to high
temperatures. This outcome would materialize if the number of workers in outdoor industries,
such as agriculture and construction, were to decline as the number of workers in air-conditioned
building increased. Costs might be higher, however, if, as temperatures increase, Lebanon's
electricity sector would be unable to meet the rising demand for air-conditioning so that more
indoor workers would experience heat stress. This analysis calculates the costs assuming that
2010's labor-market characteristics remain unchanged.

All else equal, however, actual costs would likely be higher, insofar as this analysis does not
consider other, related costs stemming from the effects of climate change on workers'
productivity. For example, climate-related increases in disease might complement or magnify
the effects of heat stress on productivity and earnings.

4.8.3. Costs from the effects of climate-related undernourishment of children on their
productivity and earnings as adults

Description

Changes in climate can increase the number of children suffering from undernourishment by
reducing crop production, disrupting food—production and —distribution systems, increasing
food prices, displacing families from their farms, and increasing poverty. As these effects become
more intense, they will increase the number of people who persistently consume too little food,
or not the right kinds of food, to satisfy minimum dietary requirements for a healthy life. Lack
of sufficient nourishment for pregnant women and young children will increase the number of
babies born with low birth weight and infant deaths. The stunted development of children who
survive but endure persistent undernourishment will, relative to other individuals, experience
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greater incidence of disease, more extensive learning disabilities, reduced physical capabilities.
These effects will lower their productivity at home and work, increase their healthcare costs,
shorten their work life, and reduce their earnings.

This analysis describes only one of these effects: the reduction in productivity and earnings that
materialize as undernourished children become adults.

Results

Table 20 shows the potential number of workers in 2020, 2040, and 2080 who experienced
persistent climate-related undernourishment as children. It also shows the reductions in
productivity/earnings that they would realize because of the effects of the undernourishment.
The percentage of workers affected by climate-related undernourishment would grow, from
about 0.57% in 2020, to 0.72% in 2040, and 1.12% in 2080.

Table 20: Reduction in productivity and earnings of workers who experienced climate-related undernourishment
as children in Lebanon (2015 USD)

Year 2020 2040 2080

Percent of workers undernourished as children in 0.57 072 112

Lebanon

Number of workers undernourished as children in 8200 11200 17200

Lebanon

Total earnings lost (millions) USD 22 USD 51 USD 280
Earnings lost per worker USD 2,600 USD 4,500 USD 16,300

Numbers reflect the rounding rules described in the Introduction.

Assumptions, data, and calculation

Calculation of the potential economic costs that would occur as climate-related
undernourishment of babies and children reduces their adult earnings involves these steps:

Step 1.

Step 2.

Step 3.

Estimate the percentage of children aged under five years that experience
persistent undernourishment attributable to climate change. Extrapolation from
World Health Organization, (2014; pp. 83-84) yields: 0.57% in 2000, 0.72% in 2020,
0.89% in 2040, 1.12% in 2060, and 1.40% in 2080.

Calculate the percentage of adult workers who suffered the effects of persistent
undernourishment as children. Assume that, on average, the percentage of the
workforce affected by childhood undernourishment equals the percentage of
children who were undernourished 20 years earlier: 0.57% in 2020, 0.72% in 2040,
and 1.12% in 2080.

Calculate the number of adult workers in 2020, 2040, and 2080 who suffered
the effects of persistent undernourishment as children. Assume that the number of
workers in 2010, 1.3 million (Robalino and Hayeed, 2012) would grow proportional
to growth in population (see Annex Il for estimation of population). Results: 8,200
workers in 2020, 11,200 workers in 2040, and 17,200 workers in 2080.
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Step 4. Calculate the lost productivity and earnings per worker. Estimate the average total
earnings per worker by adjusting the estimate for 2010, USD 9,900 from Alloush et
al., (2013) to reflect expected growth in productivity without climate change, 3.2%
per year (Moore and Diaz 2015; p. 2) and convert to 2015 USD. Assume that the
reduction in earnings for workers who experienced persistent undernourishment
as children equals 20%, the reduction in productivity (Crosby et al., 2013; p. 7).
Table 20 shows the results.

Step 5. Calculate the total earnings lost. Multiply the number of workers affected by
persistent undernourishment as children times the average reduction in earnings
per worker. Table 20 shows the results.

Discussion

The actual costs might be higher or lower than those shown in Table 20. All else equal, however,
they likely would be higher, insofar as this analysis does not consider several types of costs that
would accompany climate-related undernourishment of children. These costs would materialize
in several ways:

- Increased risk of infant death.

- Increased neonatal care.

- Increased risk of subsequent illness and disability.

- Loss of lifetime productivity and earnings because of smaller stature.

- Loss of lifetime productivity and earnings because of limited education and impaired
mental development.

- Increased risk that children, born of parents who have diminished earnings because they
were undernourished when they were children, will also experience diminished earnings.

4.8.4. Costs from climate-related internal migration
Description

If current trends in global GHG emissions continue, the resulting changes in climate, such as
droughts, storms, diseases, malnutrition, and higher sea levels, would leave some of Lebanon’s
households unable to sustain their livelihoods and force them to relocate. Some may relocate
to live with relatives or friends, but others may lack such options. Relocating households likely
would realize a loss of income and incur other economic costs, such as loss of assets.

Climate change could induce households throughout Lebanon to migrate, wherever they are
vulnerable to storms, sea-level rise, water scarcity, etc. Because of limitations in data regarding
the potential number of households that might be displaced by climate change, this analysis
focuses on just a subset of those households. It draws on the research (Haddad et al., 2014)
underlying the analysis of climate-related reductions in Lebanon'’s overall agricultural production.
As that research estimated the reduction in agricultural output and the earnings of farmers and
workers in related industries, it also estimated the number of individuals that would have to
relocate for the overall level of average income of the remaining households to equal what it
would have been without the effects of climate change.
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Reliable research regarding the economic costs borne by forced migrants is very limited, but it
suggests that, on average, they experience a loss of income of about 45% (World Bank et al.,
2012).

Results

Table 21 shows the potential number of individuals who would migrate in 2020, 2040, and
2080, as anticipated changes in climate reduce Lebanon’s food production, causing farmers
and workers in agriculture-related industries to migrate to other areas and consequently lose
their livelihood and jobs. It also shows the costs they would incur as they experience losses in
their income.

Table 21: Potential number of internal migrants and their loss of income from climate-related impacts on Leba-
non's food production (2015 USD)

Year 2020 2040 2080

Potential number of internal migrants?®
Lebanon 6,900 14,600 35,600
Beirut 970 2,100 5,000
Mount Lebanon 2,800 6,000 14,700
Northern Lebanon 1,200 2,500 6,000
Bekaa 800 1,700 4,100
Southern Lebanon 740 1,600 3,800
Nabatieh 380 800 2,000

Potential lost income for migrants (millions)®
Lebanon USD 57 USD 130 USD 320
Beirut USD 10 USD 23 USD 51
Mount Lebanon USD 26 USD 60 USD 148
Northern Lebanon UsSD9 USD 21 USD 52
Bekaa USD 6 USD 13 USD 30
Southern Lebanon USD 5 USD 11 USD 24
Nabatieh USD 3 UsSD 7 USD 16

Numbers reflect the rounding rules described in the Introduction.
@ Because of rounding, the total number of migrants for Lebanon differs slightly from the respective sum of the regional numbers.

b Because of rounding, the total lost incomes for Lebanon differ slightly from the respective sum of the regional losses.

Assumptions, data, and calculation
This analysis calculates the potential economic losses in income that would occur as people

migrate when changes in climate that reduce Lebanon's agricultural production threaten their
livelihoods and jobs. The calculation involves these steps:
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Step 1. Assume that the findings of Haddad et al. (2014) provide reasonable estimates of
the total number of migrants between 2010 and 2030, the reductions in household
consumption during this period, and GDP per capita.

Step 2. Calculate the number of potential migrants in 2020, 2040, and 2080. Estimate
the number of migrants in 2020 and 2030 by disaggregating the total number
for 2010-2030 in proportion to the annual reductions in household consumption.
Estimate the number of migrants in 2040 and 2080 assuming that the number
of migrants would grow in parallel to the reduction in household consumption
and that the average annual reduction in household consumption for 2025-2030
would extend into the future. Table 21 shows the results.

Step 3. Calculate the migrants’ loss of income. Assume the estimates from Haddad et al.
(2014) of per capita GDP represent 2020 and 2030 per capita income for each
region. Assume per capita income for each region would grow from the 2030
level at the average annual growth rate from 2020-2030. Assume migrants would
typically come from households that earn income in the informal sector, and
assume the per capita income of this group is 77% of the overall average (Alloush
et al., 2013; p. 13).

Step 4. Calculate the per capita loss of income for (informal-sector) migrants, assuming
they would lose 45% (World Bank et al., 2012; pp. 80-81). Multiply the per capita
loss times the number of migrants to calculate migrants' total loss of income.
Table 21 shows the results.

Discussion

The actual costs might be higher or lower than those shown in Table 21. This analysis considers
only the potential loss of income Lebanese citizens might incur if climate-related reductions in
the country’'s food production displace them from their homes. Displacement might occur as
farm households lose their livelihood and workers in related industries lose their jobs. Because
of limitations in the available data, the analysis does not consider other potential costs, such as
the loss of assets these individuals might incur, nor does it consider costs family members, the
government, or others might incur as these people are displaced. It also does not consider the
potential costs that would materialize when other effects of climate changes, such as storms
and floods, induce Lebanese people to migrate. This analysis does not consider potential costs
associated with climate-related migration of people from other countries to Lebanon.

Most elements of the analysis are internally consistent insofar as they all come from Haddad et
al. (2014). The estimate from Alloush et al. (2013), of the relationship between overall average
earnings and earnings in the informal market, comes from survey research of workers in Lebanon.



5.

Potential approaches for reducing the costs of climate change

This section describes some approaches appropriate for lowering the costs global GHG
emissions might impose on Lebanon. It incorporates a capital-based framework for
measuring long-term economic wellbeing (Wu and Wu 2012, and UNESA 2007). Capital is
a term economists use to represent things that have the ability to improve wellbeing in the
future by producing goods or services. To the extent that global GHG emissions would reduce
Lebanon's capital stock, they would impose costs on its households, businesses, communities,
and government. Conversely, to the extent that adaptive actions would enable Lebanon to
avoid these reductions, they would lower the costs.

It is useful to separate Lebanon's capital into five categories:

- Human capital represents the capacity of the Lebanese to produce goods and services,
and reflects their knowledge, skills, health, and similar characteristics.

- Natural capital represents the ecosystem's ability to provide goods and services and
iIncorporates Lebanon'’s natural resources as well as the ecosystem’s structure, function,
andproductivity.

- Physical capital represents the roads, buildings, electricity systems, etc. that
have been developed by Lebanon's households, businesses, communities, and
government.

- Social capital represents the relationships and institutions, both formal and
informal, that help human interactions among Lebanon’s households, businesses,
communities, and government proceed smoothly.

- Cultural capital represents the ideas, traditions, beliefs, and customs shared by
the Lebanese people; the intellectual capital, which exists as language, literature, music,
etc.; and the buildings, etc. with historical and other attributes that embody the nation's
store of cultural value.

Table 22 illustrates actions that might be appropriate for lowering the potential impacts
of global GHG emissions on Lebanon’s capital stock. Some of these actions would involve
developing a better and broader understanding of potential changes in climate and how they
might affect the different types of capital. Some would entail taking steps to diminish or
even block a particular type of risk to a specific asset. For example, a household, business,
community, or the government might reinforce a building against potential storms or increase
its capacity to store water for emergency use should a storm occur. Some would focus not
on reducing the vulnerability of existing capital but, instead, on making investment decisions
in a manner to diminish the vulnerability of new capital. Education and training programs, for
example, might be altered to include sections on risk-management.

Some adaptive actions would yield a better and broader understanding of potential changes in
climate and therisks they pose for households, businesses, communities, and the government.
These actions also might include providing information about potentially appropriate individual
and collective actions for reducing the risk. Other adaptive actions might focus on shielding
existing capital from climate-related risks. These might include, for example, reducing non-
climate stressors, such as pollution, on ecosystems so they can better withstand stresses
stemming from changes in climate. They also might involve reinforcing homes, business
facilities, and government infrastructure against storms. Some actions might aim to lower
the exposure of new capital to climate-related risk. These might include, for example, adapting
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educational and training programs to include sections on risk management, or locating new
development away from areas susceptible to coastal flooding.

Table 22: Adaptive approaches for reducing the costs climate change will impose on Lebanon

Approach

Illustrative actions

1. Strengthen human capital

- Improve individual awareness of climate-related risks.

- Improve education, nutrition, health, etc.

- Reduce marginalization of women and others.

- Reduce number of people in poverty.

- Diversify economic skills and activities.

- Strengthen resilience skills for responding to climate-
related stresses that will occur.

2. Conserve natural capital

- Reduce non-climate stressors on ecosystems.

- Conserve wetlands, soils, aquifers, and other core
resources.

- Implement ecosystem- and community-based
management of natural resources.

- Reduce risks of species extinction and loss of habitat.

- Strengthen ecosystems’ resilience to climate-related
stresses that will occur.

3. Reduce vulnerability of physical
capital

- Improve community understanding and awareness of
climate risks, in general and to specific types of built
capital.

- Withdraw development from high-risk areas, such as
floodplains.

- Reinforce housing and work places against climate risks,
such as storms.

- Reduce risk of impairment of essential infrastructure:
communication, transportation, water, wastewater,
healthcare, electricity, etc.

- Strengthen resilience of essential infrastructure to climate-
related stresses that will occur.

4. Strengthen social capital

- Improve community understanding and awareness of
climate risks, in general and to specific institutions and
human relationships.

- Improve adaptation plans and disaster-risk management
systems.

- Reduce risk of impairment of essential services.

- Encourage development of and participation in insurance
programs.

- Improve access to information, finance, and technology.

- Strengthen resilience of social systems to climate-related
stresses that will occur.

5. Strengthen cultural capital

- Improve community understanding and awareness of
climate risks to culturally important resources and
activities.

- Reduce risk to heritage sites and other cultural resources
important to different cultural groups and communities
(rural and urban).

- Strengthen resilience of cultural capital to climate-related
stresses that will occur.

Source | Adapted from IPCC (2014; p. 27)
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Lowering climate-related risks to Lebanon's capital stock will require learning from the past and
looking forward to develop and implement appropriate plans. There is widespread agreement
(Chan et al. 2012; IPCC 2014; pp. 26-28; and King, et al. 2015) that effective planning and
iImplementation require:

- Involvement by all stakeholders and institutions, with respectful recognition of their
diverse circumstances, interests, resources, adaptability, and decision-making processes.

- Cooperative efforts at all spatial, institutional, communal, and governmental levels.

- Response to concerns about both the efficiency and the equity of risk-management
actions.

- Recognition that, although some climate-related risks involve abrupt, severe events,
such as extreme weather, others do not. Gradual increases in average annual temperature,
for example, might, over time, affect the wellbeing of workers and families as much or
more than extreme storms and heat waves.

- Application of the principles of risk-assessment and —management. These include
assessing and taking actions to reduce risks in the context of clear objectives,
considering the full range of probabilities and undesirable outcomes, using the best
available information, considering both systemic and direct risks, and making transparent
decisions.

- Use of both incentives and requirements to encourage risk-reducing behaviors.
Incentives might involve market-based structures and tools, when appropriate, and
recognize that alternatives may be required when significant market failures are present.

- Utilization of risk-oriented financial tools, such as appropriately scaled insurance, risk
pooling, and access to financial resources during and after climate emergencies.

It is Important to recognize that, although Lebanon might be able to reduce its vulnerability to
climate-related risks, it cannot avoid them entirely. Global GHG emissions will, inevitably, have
adverse effects on Lebanon's households, businesses, communities, and government. Hence,
efforts to reduce the costs that these emissions impose on Lebanon should include elements
that increase the ability of households, businesses, communities, and the government to
respond to and recover from changes in climate. In other words, adaptive actions should focus
not just on reducing vulnerability to climate-related risks but also on strengthening resilience to
adverse events when they occur.

Some argue that the unavoidable impacts of climate change will be so widespread and severe
that strengthening resilience should be a top priority (Doppelt forthcoming). The imperative for
strengthening resilience comes about, in part, from the experiences of communities that have
responded to extreme weather events in ways that made things worse: increasing the number
of people suffering prolonged traumatic stress, disabling public and private organizations, and
increasing levels of discord and violence. Other communities, in contrast, have responded to
stressful events by capitalizing on them as opportunities to reinforce inherent strengths. For
example, they have set aside internal conflict and increased their dedication to respectful,
cooperative processes for solving problems, climate-related and otherwise.

The Second National Communication (MoE/UNDP/GEF, 2011) has identified potential adaptation
efforts consistent with these general concepts and principles, but specific to Lebanon. These
potential efforts generally aim to reduce the vulnerability of Lebanon’s capital resources to
climate change and increasing their resilience, with a focus on these areas:
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Agricultural sector. Potential options include: increasing the water-use efficiency of
irrigation systems; developing species and hybrids more tolerant of high temperatures and
drought; changing the timing of planting, irrigation, and harvesting; adopting sustainable
agricultural practices and integrated pest management techniques; developing rangeland-
management practices that recognize the effects of climate change; and providing
farmers with better, timely information about pending extreme weather events.

Electricity sector. Potential options include: improving the energy-use efficiency of
buildings and transportation systems; and developing energy-supply systems that are less
vulnerable to the disruptions of extreme weather events, higher average temperatures,
and other aspects of climate change.

Waterresources. Potential options include: reducing the likelihood that coastal freshwater
aquifers will experience saltwater intrusion as sea level rises; increasing the water-
use efficiency of domestic, industrial, and agricultural sectors, developing watershed-
managed plans appropriate for expected changes in climate; investigating the feasibility
of alternative sources of water supply; and improving the available information about
Lebanon's water resources and water systems.

Coastal communities and ecosystems. Potential options include: developing and
implementing plans for pulling human activities back from coastal areas that will be
exposed to expected rises in sea level; creating coastal marine reserves to strengthen
the ability of coastal habitats and species to adapt to changes in climate; reducing the
stress on coastal resources from the emission of pollutants and other human activities;
developing and implementing a strategy for protecting capital and people unlikely to
move, e.qg., essential transportation structures and highly urbanized areas; and providing
coastal residents with better, timely information about pending extreme weather events.

Forest resources. Potential options include: reducing fragmentation; protecting
biodiversity; developing and implementing appropriate strategies for managing increased
risk of fire, pest, and disease; and improving knowledge about and awareness of the
ecosystem services derived from forests.

Public health. Potential options include: improving knowledge about and awareness of
the interactions between climate change and public health; strengthen systems for
monitoring and responding to the effects of climate change on public health; encouraging
development strategies that protect and promote health; and strengthen institutions
responsible for preparing for and responding to the effects of climate change on public
health.

Tourism sector. Potential options include: developing better insurance and other short-
run tools for managing risks to tourism, such as disruptions from coastal storms or lack of
snowfall at mountain resorts; developing appropriate long-run plans for managing risks,
such as moving coastal tourism facilities away from potential storm surges and winter
facilities to higher altitudes; reducing the stress on climate-sensitive natural resources
important to tourism from e.g., erosion and urban sprawl; providing the tourism sector
with better, timely information about pending extreme weather events.

Human settlements and infrastructure. Potential options include: facilitating
the movement of existing structures and activities out of areas at high risk to climate-
related events, such as flooding; discouraging new development in such areas; developing
and implementing changes in the design of communities and building appropriate for
anticipated climate-related risks; and improving the ability of emergency-relief and other
systems to anticipate and respond to climate-related disasters.
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All segments of Lebanon’s society and economy have roles to play in reducing vulnerability to
climate change and strengthening resilience to changes that will occur. This report, however,
does not address their respective responsibilities, leaving that task to other processes.
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Annex lI: Population, households, and temperature estimates

This annex describes data, assumptions, and calculations to estimate the population, number
of households, and effects of climate change on temperature.

1. Population

This analysis assumes these estimates, from Ministry of Environment (2015), accurately
represent Lebanon's population (millions) for 2007-2012:

2007 4.8
2008 4.9
2009 5.0
2010 5.0
2011 5.1
2012 52
To estimate population for years following 2012, the analysis employs these projections of

annual growth, from Economic and Social Commission for Western Asia (2012), applied to the
estimate for 2012:

2010-2015  3.04%
2015-2020 -0.71%
2020-2025 0.67%
2025-2030 0.50%
2030-2035 0.33%
2035-2040 0.18%
2040-2045 0.07%
2045-2080 -0.03%

This approach yields these estimates of future population (millions):

2020 5.5
2040 6.0
2080 59

2. Households

The Central Administration of Statistics (2015a) estimates that, on average, each household in
Lebanon has 4.43 persons. This analysis assumes that this average household size will persist
through 2080. Dividing the estimated population by the average household size yields these
estimates of the number of households (millions) in future years:

2020 1.3
2040 1.4
2080 1.4
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3. Temperature

This analysis assumes these increases, relative to 1880-1919, in average annual temperature in
Lebanon from human-caused climate change:

2010 0.85°C

This estimate represents the globally averaged combined land and ocean surface temperature
data (IPCC 2013; p. 5). This analysis applies this estimate to nearby years, such as 2005, 2009,
2011, and 2012.

2020 1°C

This estimate comes from IPCC (2013; p. 18), which assumes the total, human-caused increase
in average annual temperature will equal or exceed 1°C for Africa, Europe and Asia.

2040 2°C

This estimate reflects the assessment, from MoE/UNDP/GEF (2011; p. ix) that uses the lower
bound from climate-change scenarios developed for Lebanon through application of the PRECIS
model. The scenarios predict that, relative to the present climate, "by 2040 temperatures will
increase from around 1°C on the coast to 2°C in the mainland..."

2080 5°C

This estimate assumes an additional increase, relative to 2020, of 4°C, which represents a rough
approximation of the scenarios from the PRECIS model, which indicates that relative to the
present climate, average annual temperatures in Lebanon will be 3.5°C to 5°C higher by 2090
(MoE/UNDP/GEF 20171; p. ix).

Some elements of the analysis consider the effects of changes in temperature from 2010 and
nearby years. The changes in temperature are:

20710-2020 0.15°C
2070-2040 1.15°C
2070-2080 4.15°C



Annex llI: Economic costs that activities contributing to climate would impose on lebanon

This section turns attention away from the costs resulting from climate change to the parallel
costs from activities that contribute to climate change, such as the combustion of fossil fuels.
The calculations rely on currently available information to develop separate estimates of
individual costs that would result as expected changes in climate:

1. Expose workers to hazardous substances.
2. Expose the public to hazardous substances.
3. Increase the risk of oil spills.

1. Costs from workers’ increased risk of death from exposure to hazardous substances

Description

This analysis describes the costs that would materialize in the future as activities, such as
importing fossil fuels for automobiles and burning fossil fuels to generate electricity, increase
workers' exposure to harmful pollutants. Workers' exposure to harmful pollutants associated
with the shipment, handling, storage, and combustion of fossil fuels can result iniliness, disability,
and death from asthma, chronic obstructive pulmonary disease, and skin cancer. This analysis
describes the economic costs associated with an increased risk of death.

By estimating the value of the increased risk of death for workers from occupational hazards, this
analysis is not placing a monetary value on the lives of the individuals who may die prematurely.
Instead, it reflects the overall risk to society. The cost estimates represent how much people
throughout society are willing to pay for small reductions in their risk of dying, or, alternatively,
how much compensation they would require to willingly accept an increase in risk.

Studies have found that the willingness to pay for risk reductions generally is lower in poor
countries than in rich countries not because poor people value life less but because their ability
to pay is lower. This difference raises concerns that have prompted protracted debate about
whether to choose a value from studies conducted in poor countries or from studies conducted
inrich countries. Accordingly, the IPCC (2001: p. 483) has recognized that it might be appropriate
to use an “equity-adjusted” average value across all countries of about USD 1,350,000 per
potential death (adjusted to 2015 USD).

Results

Table 23 shows the potential deaths and economic costs that might materialize if Lebanon were
to extend current trends in activities that contribute to climate change and increase workers'
exposure to hazardous substances. These activities would cause about 83 premature deaths in
2020, 160 in 2040, and 580 in 2080. The economic costs associated with these deaths would
total about USD 110 million in 2020, USD 220 million in 2040, and USD 790 million in 2080.



Table 23: Potential deaths and costs in Lebanon associated with workers' increased risk of death from exposure
to hazardous substances associated with activities that contribute to climate change (2015 USD)

Year 2020 2040 2080
Additional potential deaths of workers from

occupational hazards related to climate change in 83 160 580
Lebanon

Costs of increased risk of death (millions) UsSD 110 USD 220 USD 790

Numbers reflect the rounding rules described in the Introduction.

Assumptions, data, and calculation
The calculation of the potential costs involves these steps:

Step 1. Assume that estimates of deaths in 2010 (60 additional deaths) and 2030 (115
additional deaths) from occupational hazards and skin cancer associated with
activities that contribute to climate change (DARA and Climate Vulnerability
Forum, 2012) provide reasonable estimates of the levels of and average annual
growth in workers' risk of death, and that these findings apply for calculating costs
in 2020, 2040, and 2080.

Step 2. Calculate the costs of workers' increased risk of death. Apply the estimated
average annual growth rate, 3% (DARA and Climate Vulnerability Forum, 2012), to
the 60 estimated number of deaths in 2010. Results (additional deaths per year):
831n 2020, 160 in 2040, and 580 in 2080. Multiply times USD 1.4 million per death
(2015 USD), the estimated economic cost per death (IPCC 2001). Table 23 shows
the results.

Discussion

The actual costs might be higher or lower than those shown in Table 23. The costs would be
three times larger if the analysis applied the value the OECD (2011) uses to evaluate mortality
risk in rich countries as a whole, and six times larger if it applied the value the U.S. Environmental
Protection Agency (2015) uses to evaluate mortality risk in the U.S.

2. Costs from the public’s increased risk of death from exposure to hazardous substances
Description

This analysis describes the costs that would materialize in the future as activities, such as
importing fossil fuels for automobiles and burning fossil fuels to generate electricity, increase
the public's exposure to harmful pollutants. Exposure to harmful pollutants, such as smoke from
the combustion of fossil fuels, can result in chronic obstructive pulmonary disease, tuberculosis,
visual impairment, and cancer. This analysis describes the economic costs associated with an
increased risk of death.

By estimating the value of the increased risk of death for people exposed to hazardous
substances, this analysis is not placing a monetary value on the lives of the individuals who may
die prematurely. Instead, it reflects the overall risk to society. The cost estimates represent how
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much people throughout society are willing to pay for small reductions in their risk of dying, or,
alternatively, how much compensation they would require to willingly accept an increase in risk.
Studies have found that the willingness to pay for risk reductions generally is lower in poor
countries than in rich countries not because poor people value life less but because their ability
to pay is lower. This difference raises concerns that have prompted protracted debate about
whether to choose a value from studies conducted in poor countries or from studies conducted
inrich countries. Accordingly, the IPCC (2001; p. 483) has recognized that it might be appropriate
to use an “equity-adjusted” average value across all countries of about USD 1,350,000 per
potential death (adjusted to 2015 USD).

Results

Table 24 shows the potential deaths and economic costs that might materialize if Lebanon
were to extend current trends in activities that contribute to climate change and increase the
public's exposure to hazardous substances. This exposure would cause about 1,700 premature
deaths in 2020, 2,000 in 2040, and 2,700 in 2080. The economic costs associated with these
deaths would total about USD 2,300 million in 2020, USD 2,700 million in 2040, and USD 3,600
million in 2080.

Table 24: Potential economic costs from the public's exposure to hazardous substances in Lebanon (2015 USD)

Year 2020 2040 2080

Additional potential deaths from public exposure
to hazardous substances in Lebanon

Costs of increased risk of death (millions) USD 2,300 USD 2,700 USD 3,600

1,700 2,000 2,700

Numbers reflect the rounding rules described in the Introduction.
Assumptions, data, and calculation
The calculation of the potential costs involves these steps:

Step 1. Assume that estimates of deaths from air pollution and indoor smoke for 2010
(1,600 additional deaths) and 2030 (1,850 additional deaths) (DARA and Climate
Vulnerability Forum 2012) provide reasonable estimates of the levels of and
average annual growth in the public's risk of death, and that these findings apply
for calculating costs in 2020, 2040, and 2080.

Step 2. Calculate the costs of the public’s increased risk of death. Apply the estimated
average annual growth rate, 1%, to the 1,600 estimated number of deaths in 2010.
Multiply times USD 1.35 million per death (2015 USD), the estimated economic
cost per death (IPCC 2001). Table 24 shows the results.

Discussion

The actual costs might be higher or lower than those shown in Table 24. The costs would be
three times larger if the analysis applied the value the OECD (2011) uses to evaluate mortality
risk in rich countries as a whole, and six times larger if it applied the value the U.S. Environmental
Protection Agency (2015) uses to evaluate mortality risk in the U.S.
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3. Costs from oil spills
Description

This analysis describes the costs that would materialize in the future as activities, such as
importing fossil fuels for automobiles and the generation of electricity, increase the risk of
oil spills. Oil-spill costs can materialize directly, through clean-up activities and as hazardous
materials and clean-up activities damage the environment. Cost also can materialize indirectly,
as the spill disrupts economic activities that otherwise would occur.

Results
Table 25 shows the potential economic costs that might materialize if Lebanon were to extend

current trends in activities that involve the risk of oil spills. These costs would total about USD
140 million in 2020, USD 530 million in 2040, and USD 7,800 million in 2080.

Table 25: Potential economic costs from the increased risk of oil spills in Lebanon (2015 USD)

Year 2020 2040 2080
Costs of additional oil spills in Lebanon (millions) USD 140 USD 530 UsD 7,800

Numbers reflect the rounding rules described in the Introduction.

Assumptions, data, and calculation
The calculation of the potential costs involves these steps:

Step 1. Assume that costs reported for 2010 (USD 65 million) and 2030 (USD 250 million)
by DARA and Climate Vulnerability Forum (2012) provide reasonable estimates of
the levels of and average annual growth in oil-spill costs, and that these findings
apply for calculating costs in 2020, 2040, and 2080.

Step 2. Calculate oil-spill costs. Apply the estimated average annual growth rate, 7%, to
the estimated costs in 2010, USD 65 (2010 USD), and adjust to 2015 USD. Table
25 shows the results.

Discussion

The actual costs might be higher or lower than those shown in Table 25. Costs would be higher,
for example, if multiple spills damaged ecosystems so that services society derives from them
become scarcer and more valuable. Costs could be lower if clean-up systems become more
effective and efficient.



Annex IV: Frequently asked questions

1. What are Greenhouse Gases (GHGS)?

Atmospheric gases that have a greenhouse effect on the global climate by impeding the planet's
ability to release back into space some of the heat it absorbs from the sun. Much of the concern
about climate change focuses on human-caused emissions into the atmosphere of carbon
dioxide (CO,), methane (CH,), and nitrous oxide (N,0).

2. What percentage of global GHG emissions does Lebanon emit?

In 2011, Lebanon’s total emissions amounted to 24,6562 Gg CO,eq., which constitutes only
0.07% of global GHG emissions. The most significant greenhouse gas emitted in Lebanon is
carbon dioxide, primarily produced from the burning of fossil fuels. The main contributor to
greenhouse gas emissions is the energy sector with 74% GHG emissions, followed by the waste
sector (11%) and industrial processes (10%).

3. What percentage of the global costs of climate change will Lebanon experience?

The analysis of the total costs to Lebanon assumes that its share of global costs from climate
change would be about 0.06%, which is its share of both world population (World Bank, 2015b)
and world GDP (World Bank, 2015a).

4. Why does the title of this report say it is “A First Look” at the potential costs climate change
might impose on Lebanon? Haven't other studies estimated climate-related costs for Lebanon?

This report represents the first Lebanon-specific effort to describe the total costs climate change
might impose on Lebanon and on different segments of the economy and society, as well as the
potential reductions in costs if meaningful actions are taken to constrain global GHG emissions.
Where appropriate, this report directly presents the results of previous studies. For example,
to describe the costs associated with the effects of climate change on Lebanon'’s agricultural
sector, it relies directly on a study of (Haddad et al 2014). Most of the cost estimates in the
report, however, represent a first-of-its-kind analysis.

5. Did stakeholders have an opportunity to participate in the design of the research that
underlies the report? Did they have an opportunity to review the analytical findings?

Yes. The individuals identified in Annex | participated in a stakeholders' planning session to
provide advice and other assistance during the development of the research design. Each
individual also was invited to review a draft of the report.

6. Does the analysis underlying this report rely solely on information from Lebanon?

Each element of the analysisrelies on data specific to Lebanon, such as estimates of the country’s
past and current levels of agricultural output and GDP, and projections of future population and
climate-related increase in temperature. Where appropriate, the analysis integrates this Lebanon-
specific information with information from elsewhere. For example, it uses some regional data
from the Middle East and North Africa, and it employs the findings from global studies that have
estimated the annual costs of the damage from droughts, heat waves, etc. resulting from the
emission of one tonne of CO,, and the effects of this damage on GDP growth.
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http://climatechange.moe.gov.lb/



