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1. Brief description dihe situation in Bangladesh

Due to its location and geological specifics, Bangladesh is among thexposedcountriesto climate
change Low per capita income is an important resource constraimthe pathto reducingexposure

and copingwith damage from climate change. This makes Bangladesh one of the most vulnerable
countrieswith respect tothe changing global erironment. Bangladestis already exposed to severe
natural hazards and extreme weather eventontinuoussealevel rise exacerbated e sinking

delta ofthe Gangs Rivercreates an imminent threat tohe multimillion-strong population of The
Sundarbansnd other coastal areaTropical cyclonegjdal surge regular floods, droughtsand heat

waveshavealready cosseveral million dollars per year

1.1. Climate change and economic growth
Future dimate change will have profoundonsequenceshreatening the econonic growth of the

country and may compromise development goalaggding Bangladesh ineodevelopment trapBurke

et. al. (2015predicts doubledigit lasses of GDP per capitiue to climate change (sddgurel). Such
losses may ben unbeardle burden forthe socioeconomic systerof BangladeshThe damage
functions presented irfrigurel were calibrated based on historic data ar our view,they reflect
continuation ofa business as usuBAU development scenarioDevelopment accordingp a BAU
scenariowill lead Bagladesh intahed | R LJG I (Ad&ptatior SNduldIbedeepsmbedded irto

the development strategycombining reduction of exposure with building resilience on a foundation
of structural transformations ahe Bangladesh emomy in favor ofhe manufacturing sectqmwith a

simultaneous increase of productivity of labor forces employed in manufacturing and agriculture.

Table 1 summarizes major socioeconomic indicators critical for understatftgngulnerability of

Bangladehl to climate change.

Combining implied projections of GDP for 2050, i.e. GDP per capita at $6,395 wiButke ét. al.,
2015) damage functions, we conclude that in the BAU scenario with climate change, an actual GDP per
capita net of climate damage wie in a rangeof $3,2004,800. Therefore an implied average net

growth rate of GDP per capita will be in an interv&2.8-4%.



Figure 1 Damage functions for the major regions, based on econometric analysis of historic data
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Table 1 Slectedeconomic indicatorsn Bangladesh (current and 2050)

Value Year | Source/comments Value Source/comments
Population 159 | 2014 | WDI 2016 228 | BBS
(millions)
Population annual 1.13%| 2014 | WDI, 2016 1.15%| BBS &State dhe Coast,
average growth rate 2006
Coastal population 35| 2003 | State of The 58 | State of the Coast, 2006
(millions) Coast, 2006
Coastal population 1.36%| 1991- | State of the 1.05%| State of the Coast, 2006
annual average 2001 | Coast, 2006
growth rate
GDP (billiosof 119| 2014 | WDI, 2016 1,607 | Projected with the
constant 2@5 US$) growth rate in the

following row

GDP average annug 5.8%| 2001- | WDI, 2016 7.5%| Various Government
growth rate 2001 2014 announcements
2014
Per capita GDP 478 | 2014 | WDI, 2016 7,045 | Estimated
(constant 2005 US$
Roadength (km) 272,487| 2007 | BBS 340,609| Assumed 25% expansior
Share of paved 30%| 2007 | BBS 100%| Assumed
roads
Primary school net 91%| 2007 | Ministry of 100%| WDI, 2016, average rate
enrollment rate Education in comparator countries
Per capita electcity 278| 2012 | WDI, 2016 3210| WDI, 2016, average leve
consumption (kWh) in comparator countries

Source: WDI, 2016; World Bank, 2010



Thisistwo timeslower than thedesirablegrowth rateannounced by the Government at 7.%%&en in
Tablel). In sum, ¢imate change should be treated as an important barrier to rnmeptlevelopment

goals andt should bediscussedn the context of alongterm development strategy.

Islam (2010) reported that whetihe population of SIZ was asked to assessseverity of diferent
problems associated with climate change, they ranked salinity increase, lack of fresh water, losses in

agriculture and declining yield of SRF the highest. Fgbedow presentghe results of this survey.

Figure 2 Ranking of climate change relatieproblems by population of SIZ
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The population of Bangladesh is very poor to cope walithateriskswith no externalssistanceRural
income in the five selected zilas is very low (Asian Development Bank (ADB), 2006) withventstl po
level at about 50% and above in Khulna and Barisal divisiaghe SIZTheTable below comparehe
head count poverty ration in SIZ versus f8IiZ upazilas as reported in (Islam, 2010). The traditional
production process does not support adequditéng standards and provides preconditions for high

malnourishment that results in further degradation of quality of labor and environmental health losses.

There are 3 essential categories to be gdaredfor understandingisks ofclimate change and afting

an adaptation strategy:

1 Hazards,
1 Exposureand
1 Vulnerability.



Hazards constitutexogenougarameters They are definetdy patterns of climate change driven by
anthropogenic GHG emissions aaesponse of the global climatic systémaccumulatiorof GHG in

the atmosphere. These exogenous factors @ue of control of any individual caury and should be
treated asgiven forthe integrated analysis of development policy in changing climatic conditions and
for benefitcost analysis (BCA) of adaptatidGlobal and regional climatic modal®the best available
source for hazard projectionsvhile historic data helps to understaritie current state of climate

change ando track some important trends.

Uncertainty isa serious challenge for projectiorf future exposureto climate change;the issue of
attribution complicateghe interpretation of currentextreme weatheevents. For example, should an
increase inthe severity of cyclones be attributed to climate change or just treated as result of a
Gy 2ENEYE @ 12 Nidothed éx&niplé iow to separateanincrease in inundation between ongoing
geomorphologicaprocessers andhe globalsealevel rise.Applyinga holistic approachwe should

avoid attribution issues and treat all benefits and all sa$tinterventionsequally inBCA.

Exposure is more ithe control of a country suffering from climate changethe case of Bangladesh
reallocation of population from areas withhigh rate of hazard would reduce exposure. Updating of
early warning systemsiand building and reconstruction sheltersreduces exposure of population in
areas with high rate of hazatd deadly consequences of tropical cyclones, st@urge and floods.
However, thesenterventionswill not reduce exposure of agriculture. Therefdhere will be residual

damage from extremeveather eventsas well as from other negative impacts of climate change.

An ability of the country to deploy comprehensive adaptation interventions amdope with residual
damage determinethe resilience dthe country to climate changd.aclof ability or insufficientbility

to implement adaptation interventions and withstand residual damdggnesvulnerabilityto climate
change Vulnerability could be gtessed in economic indicators, eapst of adatation as a share of
GDR gross capital formation and residual damage as a share of @@HRal consumptioras a share

of the state budget. Understanding of uncertainty and probabilistic character of climate change is
critical to understand vulnerabilitof a country to climate chege. It is not enough to refdo long

term average damage from extreme weather events attributed to climate change. It is also important

to consider a magnitude of an individual shock from, for examgplaega cycloner flood.

Figure3 illustrates average damage from cyclones and floods and annual variability. On ayvérage

total damage from cyclones and floods at about 2.5% of GDP (see Gomez, 0tdt the total
damagecould double or quadrupleA seO f £ SR EMySny/ (& S IYNER -dlt datnd&ye. R 2 dzo f S
This indicatesin extreme vulnerability of Bangladés & 2 & Of A Y I (ih® nedt lezdddsdheé @ h @S|

negative impact of climate change on Bangladesh will intenBifth average annual damage from
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climate changeandthe magnitude and frequency of a random shaoohy increasetriggered by mega

cyclones and mega floods or unusually severe droughts and heat waves.

Figure3. Damage from floods and tropicalyclones
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1.2.Major hazardsrbm climate change and need for adaptation
Tropical cyclones, flooddroughtsand other extreme weather events create an immediate threat for

.y 3t I RS a K QaleveSrideatriBured td clifafe change exacerbated by sinking GsDejta
creates adngerterm impact inTheSundarbans and coastal zonetba southeast Cyclones of various

intensity hit coastal Bangliesh almost every year in Apiay or OctoberNovember.

In the literature tropical cyclones are indicated as a significant sourceatfral hazard and damage

for human health, agriculture, real estate, infrastructure and personal property. Cyclone occurrence is
highly uncertain. Although published datgincomplete and very often not comparable, based on
available sources it is posslib conclude thathe major cycloneQeturn period is 10 years (Dasgupta

et al, 2010). Figurd presentsthe tracks of cyclones in Bangladedh the last 50 years. This figure is

adopted from Ministry oEnvironment and Forests (2009).



Figure4. Tracls of cyclones in Bangladesh the last 50 years
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Casualties from cyclones and floods in Bangladesh are devastating and actwid@ibg2, the annual
number of deatls from tropical cyclones per affected population is about 5.6 times higan in

India.

Table 2. Casualty from extreme weather events

Tropical cycloney Mesoscale Tropical cycloney Mesoscale
convective convective
clusters clusters

India Bangladesh

Number of events 97 37 34 100
Number of deaths 41,406 3,289 162,879 11,152
Events/year 2.5 0.9 0.9 2.5
Deatle/year 1,062 82 4,176 279
Deaths/event/year 427 89 4,790 112
Affected/year 1,759,367 163,124 1,219,676 174,926
Affected/year/event 707,374 174,350 1,399,040 69,970

Source: World Bank, 2014, p.107




Life loses andinjuriesattributed to extreme weather events an immediate concern that should be
addressed Multipurpose shelters anén early warningsystem should be considered as the most
urgent intervention since it could potentially prevent up to 50@sloses a gar. However, it would

not preventother losseglue tofloods and cyclones.

Table 3summarizesless f2 Y | & & dzLISNJ O& Of 2 vy As€s ard inredy. AgricuButeO t dzR A y
is accountable for 26% of the total damagdowever, for less intensive @fones and floods

agricultural loses may dominate.

Table 3 Damages and lossesdluring a single super cyclonic storm

Damages and Losses (Cyclone Sidr) Damages and
Losses
(Average
Severe
Cyclone)
Current Constant Share ototal | Constant 2009
Million US$ Million 2009 (%) Million US$
US$
Housing 839 978 50 900
Agriculture 438 510 26 469
Transport 141 164 8 151
Water resource control 71 83 4 83
Education infrastructure 69 80 4 73
Industry/Commerce/Tourisn| 52 61 3 56
Urban and municipal 25 29 2 27
Power 14 16 1 15
Other 26 30 2 28
Total damages and losses 1675 1952 100 1802
Share of GDP 2.6% 2.4%

Source: Wrld Bank2014, p.32

About 70 % ofhe populationlivein rural are@ and dependon agricultureas an important source of
income andas subsistenceThe populationof The Sundarbans already suffering from insufficient
productionis disturbed by extreme weather events, increassalinity and other factors afatural

resourcedegradation.

Figure 5 presents potential rice requirementdaactual production for the two different population
growth scenarios in the SIZ. If aquaculture continues to develop, then rice shortage will increase
dramatically. It is necessary to increase productivity to sustain thesexisting level of consumption

which is alreadynsufficient with about 4650 % of children under 5 malnourished in the'SIZ

1 DHS 2007 data
10



Figureb. Rice production and consumption scenarios in the SIZ
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According to figures, almostthe entire territory of Bangladesks prone to various natural disasters
that interfere with agriculture. Increase in intensity and frequency of these events is attributed to
climate change. Theycloneprone zone is the most vulnerable to climate change. Polders protect
population in thizone and agricultural land. However, over tithe reliability of polders is diminishing

(see figurer).

Note that climate change, on one hand, contributes to a permanent decline of productivity in
agriculture (salinity, erosion, permanent losses of@gtiral land due tesealevel rise). Orthe other
hand, agriculture is subjected to random shocks attributed to extreme weather events with

devastaing consequences for affected areas.
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Figure6. Areas prone to variousatural disasters
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According to the World Bank synthesis stullyofld Bank,2010a) wherecrop yelds areseparately

modeled for 16 different regions using climate predictions from 16 global circulation models for 3
SYraairzy aoOSylFNAR2ax aXOdzydz I GAPS NRAOS LINBRAzOGAZY
each year) over 20650. Agricultwal GDP is projected to be 3.1% lower each year (US$36 billion in

lost valueadded) and total GDP US$129 billion lower due to climate change over theadperiod

2005H npné OLIPnov ® L 6f GORgyowtNimmarided i tatleklS 3I2 | f &

Radicalncrease of productivity in agriculture is an important priority in adaptation to climate change.
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Some agricultural lands would be lost due tadevel rise(see table 5)and salinity increase on

inundated lands due taontinuousandintensifyingstorm suge and regulafailure of dykes.

Table 5 Global mean surface temperature change ardalevel rise

20462065 2081-2100

Scenario Mean Likely range | Mean Likely range
Global mean | RCP2.6 1.0 0.4-1.6 1.0 0.31.7
Surface RCP4.5 1.4 0.92.0 1.8 1.1-2.6
Temperature | RCP6.0 1.3 0.81.8 2.2 1.43.1
Change?C) | RCP8.5 2.0 1.4-2.6 3.7 2.64.8

Scenario Mean Likely range | Mean Likely range
Global mean | RCP2.6 0.24 0.17-0.32 0.40 0.26:0.55
Sea Level Risg RCP4.5 0.26 0.190.33 0.47 0.320.63
(°C) RCP6.0 0.25 0.180.32 0.48 0.330.63

RCP8.5 0.30 0.22-0.38 0.63 0.450.82

Source AR5, WG1, Stocker, 2014.

Major hazards attributed to climate change like sea level rise, cyclones, floogacets compounding

factors mutually amplifying the negative effect each other oneconomy and society. Agriculture

suffers from all natural hazardglirectly (harvest losses asresult of extreme weather events) and

indirectly (decreasing productivity of agricultural land due to salinity, waterlogging etc.).

While exising literature provide a comprehensive assessment of current economicsdesand

damages attributed to climate change, the forward looking analysis is fragmented and preseots

elements of future hazards and damages. A comprehensive analysisfotuhe damages should be

conducted based on integrated modeling of economic growth and climate change in combination with

application of a computable general equilibrium (CGE) model. But even summarizing funding of

existing literatureone can conclude thieclimate change alreadpterfereswith economic growthand

in the future climate changanay become a major barrier for Bangladesh to become aintidme

country.

Major vulnerabilityin the midterm in Bangladesis linked to alow degree of protection gfopulation
from floods and tropical cyclonesspeciallyfor population inseafacing poldersin the longrun, the
major issue is loss of productivity in agriculture and industry that may become an ibf@mbarrier

for the Bangladesh economy to reachK A 3 K S NJ aaras ryR

countries.
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1.3. Limited resources to cope with climate change

1.3.1. Longrun macro analysis

In the longrun, resilience to climate change depends on economic potential of a country. The same
damageof USh2 billionis accountable for 2.6 % of GDP (see table 3) in Banglasleié for a country

like South Korea it would be just 0.14%GDP (WDI, 2016The Netherlands regularly experiesce
damages from storm surge, but despaéehigherabsolute vale of damagesrom severe events, in

relative termsit constitutes araction ofa percent of GDP.

Climate hazards will likely increase otiere. Due toits geographical locatigrBangladesh will always
be exposed to climate change. Building resilienceclimate change, in our view, should be a top
priority of a development strategy. Structural changes of economy wittorresponding significant
increase in productivity of agriculturenanufacturing, servicetc., is the only way to converge @

highersteady stateand to becomea middle-incomecountry.

Figure8. Low andhigh steady states
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Source: Estimates by the authors.

Figure8 illustrates transition taa higher steady state. Hsavings rate corresponds to tiue line, an
economy will be on @onvergence path ta higher steady state. If however, savings are insufficient
(orangeline),aneconomy may be trapped in a lower steady state. Climate ahdag three ways of

interferingwith continuouseconomic growth and convergence to the highdsbsly state:

1 Permanent damage reduces total productivity of economy. For a given savings rate (calculated
asapercentage of output)an economy exposed to severe climate change would mobilize less

resources to continue capital accumulatidheblue curveshifts downwarg
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9 Uncertainty andrisks attributed to climat¢ change reduces risk adjustegturn on capital.
Therefore savings rate decline and thkie curve also shifts downward.

1 Extreme weather events destrayealthand contribute to degradation of aigultural lands. In
terms of an economic growth model, these damagesreflected inahigher depreciatia rate

of accumulated capital. The greurve shifts upward.

As soon as a blue cureeosseghe depreciation line, an economy is at risk oflisig to a lowersteady

state.

¢KS ONRGAOI lj dzS &nay klingtey darkagesshifti thiek bNie dRr@esdjfectly reducing
productivity of economy and indirectly suppressing incentives for savingsraeestment into risky

assets?

Figure 8. AEconomy convergs toa lower steady state
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Figure 8.A illustratethesituation when climate change makes a real differetadeng-term economic
growth. Figure 8B. llustrates the situation whenthe countryis onthe edgeto be locked in a lower

steady state.

Figure 8.B. highlights a situation when adaptation focuses on prevention of negative productivity

shocks on economy or, more broadly, increases productivignetconomy.
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Figure 8.B Country onthe edge to be locked i lower steady state
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1.3.2 Midterm perspective
In the midterm, there are several pressing needs for adaptationclimate change that require

mobilization of resources immediateljjhe ost of climate change constituteaburden on households,

municipal and state budgets.

Relatively low GDRin absolute terms ad per capita) aates an obviougonstraintto mobilize
resources for adaptation. Various development priorities are in competition for public money and

multilateral devéopment assistance.

Nevertheless, in 200&he government of Bangladesidopted the Climate Change Strategies and
Action Planwhich wasrevised in 2009The strategy focusem the following priorities (see Mallick et
al 2012):

Food security, social protdon and health,
Comprehensive disaster management,
Infrastructure development and protection
Research and knowledge management,

Mitigation and low carbon developmerand

=A =/ =4 4 4 4

Capacity building and institutional strengthening.

The total cosbf adaptation prgrams for thefive yearsis estimatedat around US$5 billion (Climate
Change Unit, 2012)e. aboutUS$1 billion per year It is about 0.6% of Bangladesh 2014 GBB% of

gross capital formationabout 7% of tax revenueand 37% ofnet development assistee The
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government of Bangladesh established the Climate Change Trust Fund and was able to allocate about
US$ 100 million annually in its budget. Multinational development assistance plays an important role
in mobilization of relevant funds. Table 6 sunmmas ongoing projects on climate chanGemmitted

funds are sizable, but are unlikely to be sufficient to meet all adaptation needs of Bangladesh.

Presented inTable6 overview of international assistance to Bangladesh to support adaptation is an

illustration of insufficient funds currently available for adaptation in Bangladesh.

Poverty exacerbates gaps between available resources and need to implementemaar

interventions and compensate for residual damage from climate change.

Figure 9 demonstrateaverlapping of poverty, flooding and tidal surge including current situation and

forecast up to 2050.

The impacts of climatic hazards are geographically concentrated in the regions with a higher
concentration of the poor. These regions are most vulnerarid have the lowest capacity to

implement adaptation interventions and cope with residual damage from climate change.

Figure 9. Poverty and extreme weather events
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Source: The World Bank, 2010a
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Table 6 Summary of ongoing projects on climate changeBangladesh

Tl of the project | Amount __

CIDA

German Technical
Cooperation (GTZ) &
European Commission

EU/FAC

USAID

Sweden Intemnational
Development Agency (SIDA)
Swiss Agency for
Development and
Cooperation (SDC)

United Nations Development
Programme (UNDP)

World Bank

Supporting Implementation of Bangladesh Cimate Change
Strategy and Action Plon

Strengthening the Resilience of the Water Sector in Khuina to
Cimate Change

Emergency Disaster Damoge Rehabilitation
Adaptation and Impact Assessment

Bangladesh Environmental Instifutional Strengthening Project
(BEISP)

Emergency Disaster Damoge Rehabilitation Project’ of AD8
CDMP by supporting Cimate Change Cell of MoEF
‘Cimate Change Program -Climate and Life’ [2009-2014)
Support to some Climate Change Projects

Complementary project of ' Integrated Protected Area Co-
management Project

Action plon on Cimate Change in Development
Support to Assist Landless and Small Farmers in Impoverished
Area

Emergency Disaster Damoge Rehabilitation Project
Grant for Disaster Prevention and Construction of

Multipurpose Cyclone Shelters in the cyclone Sidr affected
areas

Grant for Flood Forecast/ Warning System
Smal Scale water Resource Development Project

Integrated protected area co-management

Construction of 75-100 Multi-purpose cycione shelfers in
cyclone Sidr affected areas of Khuina and Barisal

UNICEF Post Cycione Project

Emergency Assistance for cyclone Sidr and for post flood
rehabiitation

Community based adaptation to climate change through
coastal afforestation

Second Nafional communication to the UNFCC
Comprehensive Disaster Management Program (CDMP-Il)
Poverty- Environment- Cimate Mainstreoming.

Coastal and Wetlond Biodiversity Management at Cox's
Bazar and Hakaluki Hoor

Sustainable environmental Management Program (SEMP)
Empowerment of Coastal Fishing Communities(FCFC)
Clean Air and Sustainable Environment

Water Management improvement Project (WMI)

Rural Electrification and Renewable Energy development
(RER Project)

Emergency Cyclone Recovery and Restoration Project

Source: Mallick et al 2012

18

$ 2.0 milion

$ 400 thousand

$ 120 milion
$ 1.2 milion

$ 5.0 milion

$ 10.2 milion
£ 12.0 million
£ 30.0 milion
DKK 25 milion

$ 7.0 milion

Euro 23.3 milion

$ 10 mifion
JPY 4.9 bilion

JPY 960.0 milion

JPY 260.0 milion
JPY 7.5 bilion

$ 15 milion
$ 38.4 milion

SEK 24.3 million

$ 5.5 milion

$ 5.6 milion

$ 0.5 milion
$ S0 milion
$ 3.0 milion

$ 5.0 milion

$26.4 milion
$ 6.0 milion

$ 62.2 miion

$ 102.26 milion

$ 130 milion

$ 109 milion



2. Methodology for benefits and cost estimation
2.1. Uncertainty andisk quantification for BCA

Costbenefit analysis is a powerful tool to suppdhte decisionmaking process. It helps decision

maker to chooseamong awide range ofwell-specifiedalternatives (development goals, investment
strategiesetc.) providing a common denominator to assess and rank them in a consistent way. In our
case alternativearespecified as potential decision of a country toawvigate capital formation in order
tobuildd G K&§aSia LIR2NIT2t A2 éimdteSBangecthnsd eyeStdNAcadrdiig td AR5 (i K S
WG 3 benefit-cost analysis (B is extremely useful when dealing with wagfined problems like the
benefits and cets assessment of buildinlykesto reduce thdikelihood and consequences of cyclones
givenaprojected sea level rise attributed to climate change. Another example mentionedSnBEGA

can provide a framework for defining a range of global {tergh abatementtargets across countries

to facilitate negotiations (see also Stern, 2007).

G¢KS YI Ay B®Ri@thefdnted & clighate change is that it is internally coherent and based

on the axioms of expected utility theory. As the prices used toeagge costs and benefits are the

outcomes of market activity, BC A& |4 €SIFa&G Ay LINAYOALX ST | (22
line of reasoning can also be the basis for recommending that this approach not be employed for
making choices if maekt prices are unavailable. Indeed, many impacts associated with climate change

are not valued in any market and are therefore hard to measure in monetary terms. Omitting these
impacts distorts the cosh SY SFA G NBt F GA2yaKALE o6!w pX 2D o [/ KI

Acknowledging an important role of BCfor decisiormaking AR5 also stresses major challenges

when defining the optimal level of mitigation actions:

(1) Theneed to determine and aggregate individual welfare,
(2) Thepresence of distributional and intertemporakues, and
B)TheRAFTFAOdzZ G& Ay FaAaAIYyAy3I LINRPOIFFATAGASE G2 dzy

G! aGNRy3a FyR NBOEGNLS and Lindgetzy280g; (Tol, 2AD3; Weitaman, 2009,
2011) relates to its failure in dealing with infinite (negajivexpected utilities arising from low
LINPOFOAEfAGES OFGFradNRLKAO S@Syida 2FGSy NBEFSNNBR

AR5 WG-2 summarizes different tools for decision making under uncertainty that can be applied in

different contexts ad with different degree of quantification of available information: from loose

2 http://opim.wharton.upenn.edu/risk/library/IP@R5-WG3-Ch02_Mitigationof-Climate Change Assessmeat-
Responsdloliciespdf p.27
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specification of a plausible interval to fitting specific probapidistributions. Watkiss et aR014)
provides taxonomy andiscussestrengths and weaknesss of each methodsee diagam adopted
from Watkiss et al2014).

Not all methods are comparable wiBA framework. Ability to specify subjective probability is critical

to select an appropriate analytical tool. Figu@simmarizesthis selection.

Figure 10BQA under uncertainty

Uncertain benefit/cost
of intervention

T~

Decisioamaker is able to Decisioamaker is unable

assign ditribution to assign distribution
VaR RoV Expected Most likely A plausible
CvaR Value value interval

l Robust optimization
Precautionary BCA with BQAwith Focus on exéme values
principle he_d_onlc . SenS|t|y|ty (max/min)
pricing of risk analysis Precautionary principle
y Cost of
BCA ~OStOl e | RDM |4
intervention

f

Sourceadopted from Watkiss, 2014

BCA providearanking of alternatives and BCA wikeal Option ValudrOV of risk provides balanced
metrics for benefits and cost @daptationpolicy (see Anda et al 2009). Investing in any assets can
produce two possible outcomes: a positive return or a loss of capital. Investing in askeable to
climate changesi associated with an increased probability of a loss of capital in the future as a result

of changing exogenous conditions.
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Putting asi@ an issue of quantification of environmental goods and services, and assuming we are
dealing with quantifiable monetary terms indicators, the major issue is ability to assign subjective
probabilities to underlying uncertain parameters. This ability obilitg may determine choice of an
analytical tool illustrated in Figurédlinability to represent an uncertain parameter with a distribution

is a reason to prefer robust optimization anobust decisiormaking RDM. However, ifa decision

maker inclineto choose a single value to represent an uncertain parameter (i.e. just ignoreB@k),

~ A s oA

O2dz R 68 O2yRdOGSRNAY | GRSGSNYAYA&GAOE T2

2.2. Expected value and risk
The conventional method of conducting BCA relies on the mean value of an uncertain pErdraet

just relies on the first moment of distribution. But, the three other moments of the distribution
(variance, skewness and kurtosis) can also be important. Variance, skewness and kurtosis (the last two
describe the taibf the probability distribuibn) constitute informatiorlost in aggregatior-or example,

the two probability distributions shown in Figurg Have differentexpectedvalue and different shape

Figure 1L. Distributions with one having a lower expected value but a heavier tail

100,000 Trials Frequency View
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Soure: Presented by the authors.

The blue line describes a distribution with a relatively lower mean but with a relatively heavy tail. The
red distribution has relatively higher expected value Iotich lighter tail. Assume thateach of
depicted in figure 1 distributionsrepresens thesum of adaptation cost and residual damage for two

alternative interventions. Which intervention should be selected? Conventiapptoach suggests

AAAAA

GKFEG I aoftdSe EGSNYLGADGS aK2dd R posSesiddlidrageS R 9

is lower. Howeversincean actual cost will be readed until after an adaptation intervention was

selected, a decision maker may end up in a situation when an actual cost (mainly residual damage) is
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much higher than anticipated. lrontrast to independent random shocks, whendes in one time
period would be compensated by surplus in another time perduinate change is represented by
correlated shocks attributed to irreversible changes of climatic system. In this tbesshape @

distribution should not be ignored.

Anda et al. (2009) proposan application of a real options analysis to address uncertainties in
environmental policy. They argued that advanced option pricing formadaklcapture differences in
distributions and povide consistent metrics to price risk and uncertainty for economic valuation and
integrated assessment analysis (see also Goluh 20a41). These examples illustrate happlication
of a single expected value as a substitute for the undaglydistribdion may result in

misrepresentaibn of benefits and costs of abatement interventions

2.3. Applicatiorof ReaOption Analysis for valuatiaririsk and return
A decisionmaker shoulduseReal Options Analysis (RQékstimate an impact of climate chaags

a natural extension of benefit cost analysis framewankler uncertainty

Corsider an adaptation intervention that cosE (capital cost) andeducesdamagefrom Dyto Di. The
difference Dy - D1 = Dxis a residual damage. Residual damage is a defdiabdity. Selecting an
adaptation strategy (intervention) decision maker commits ébahd simultaneously takes a liability
Drknown up to probability distribution. In conventional BCA, the total cost of intervention assumed to
be equal taZ+E(¥), where E(}) denotes an expected value of a residual damage. An actual value of a
residual damageevealswhen an extreme weather event attributed to climate change takes place.
Exposure to residual damage is ganto exposure of holding a short position cornemodity or a share.

A stock price may spike much above its expected value, then a short position would cost its holder the
expected value (cost anticipated when a share was sold short) plus the difference between an actual
price and expected price. If gexted price is highly uncertain it may be risky to sale this share short.
Economic value of this risk could be calculated as a cost of hedging position. A holder of the short
position can buy a call option on the stock and caber short position. A cathption price reflects

magnitude of uncertainties.

Residual damage éjuivalentof a short position on a stock market. But in contrast to a stock market
spealator, a decision maker dealsth anexposure to the future damage from theerybeginning. In
absence of adaptation this exposurebs The risk adjusted value of thisture damage i€(D)+P(DR),
where P(D) is value of risk that could be calculated using option pricing methodology. Now benefits

of adaptation could be calculated &$D)+P([3) - E(Lx)-

P(¥). Then benefit cost ratie
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Conventional BCR calculation takes into account expected values only. Then
0'Y

This nethodology extendsa conventional approach of BCR calculation including economic value of risk

reduction. Then risk adjusted BRABCR) equals to the following expression:

VO 00
YOOO0™WOY—m57—
As an example we demonstraag@plication of ROA to calculation ofiak-adjustedvalue of social cost
of carbon(SCC)

Considetthe SCC in 2020 calculated with a 3% discount rate. An expected value is $43 and is $129 at
the 95" percentile. Assuming, that the SCC is a quadratidibmof the global average temperature
increase above preindustrial levels (like in the DICE miodBlordhaus 2013), the SCC could be
described by a distribution shown in figura.?

Figure 2: Social cost of carbon in 2020

100,000 Trials Frequency View 57 858 Displayed
SCC in 2020
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Source: Estimates by the daatrsusing IWG SCC, 2009.

By definition, the damage from the emission of 1 additional ton of CO2 is equal to thé¢oB©Es of

FdzidzNE SO2y2YAO 2dzilddzioe [ SGQa FaadzxyS GKFG GKS

captures some of the irmersible losses reflecteds a permanent (or at least long tefmossof

3 Note: the figure 1 is not an exact replication of an actual distribution from IWG 2013 since we take into account just the
shape of damage function from DICE. The IWG considered three different integrated assessment models including DICE.
4 For the formal definition see IWG (2009)
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productivity of the global economy in response to changing climatic conditions. In this formulation the
economic consequences of climate change can be fully compensated by highectpribgl of the

global economy.

Society may invest in carbon intensivmyy very productive technologies and accumulate enough
resources to successfully tackle climate change. However, society may decide to abate 1 t of CO2 and
save on SCC. How much slibsibciety spend on abatement? An average value of SCC $43/tCO2 may
be too little, but $129/tCO2 looks like too much at this point in our knowledge.

What would be the market price of hedging risk? If someone sells a share short, then in order to
eliminate tisk, he needs to create a hedging position by purchasing a call option. Given a distribution
of future value (say the value of the share in question has the same distributithre &CC), at the
money call option would cost about $16/tCO2. Then the maxirthahthe investor would be willing

to pay in the future to close the short position is $43+$16 =$59/tCO2. Then the risk of the short
position costs $16. Therefore, by emitting 1 t of CO2 society is ready to accept a cost equal to $59/tCO2.

If, nevertheless,abatement is less expensive, it makes sense to abate this ton of CO2 instead.
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3. Major interventiongwith benefit and cost estimaticah

Based on consideration of hazards, exposure and vulnerabiitiBangladesh to climate changad
also takingnto account various kind of uncertainties we conclude that adaptagioould satisfy the

following criteria:

1 The strategy should be flexible enough to accommodieéening and new knowledgabout
global climate change and its specific implications forgedesh;

1 The initial interventions should be robust Adsis imminent adjustment in respons®
learning;

9 Initial interventions should address the most pressing adaptation needs;

1 Adaptation strategy should bembeddedinto the longterm development stratgy.

Using World Bank(2010) World Bank(2012) and several other publications oadaptation in
Bangladesh and applyirabove listedcriteria we selected sigtrategically relevaninterventions for
BCA.

Adaptation alternatives includaterim and longterm interventions

Interiminterventions presenteactive adaptation interventions
9 Polders reconstruction and setback;
1 Foreshore afforestation (mangroves restoration and plantations);
1 Multi-purpose cyclone shelters, cyclonesistant private housingand futher

strengthening okarly warning & evacuation system

Longterm strategy of resilient economic growth, assets diversification and human capital formation
1 Population reallocation;
1 Improvements of productivity of agriculture and fishery;

1 Manufacturing irnthe seconekier cities

Interventions generate direct and indirect ancillary benefits thigbriefly summarized iffable7.
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Table 7. Summary of major benefits of adaptation

Relocation of | Construction
Polders set

lation f n Pr tivit
bopuiation of cydone Mangrove | back and oductivity
from the high | shelters and . ! of
. : protection | selective .
cyclone risk | early warning agriculture

enhancement
areas system

Reduction of gclone loss
due to mangrove + ++ ++ ++
degradation in Khulna

Reduction of gclone loss in

Barisal i i o T
Access tdresh water + + +
Reduction of op loss due
to increased salinity (shrim +
farming)
Carbon benefits + +
Enhancement of mngrove

++ ++ +

provisional value
Biodiversity + ++ +
SourceSummarizedy the authors.

3.1. Inteim ¢ reactive adaptation interventions
Interim adaptation interventions focuses on two specific climate hazards:

1 Stormsurges amplified by tropical cyclones;

1 Inlandflooding and water logging
Thuswe focuson protectionof population, property anégricutural land within cyclones prone zone
and inundation more than 1 nT.able 8 presents population in inundated areas, as estimated in World
Bank (2014).

Table 8. PopulationViing ininundatedarea (million)

Inundation Depth At present In 2050
More than 1m 16.83 35.33
More than 3 m 8.06 22.64

Source: Wrld Bank 2014

Population in 3 m inundation zone experiesamore intensive hazardDue to geomorphological
conditionsthis population ismore exposed to extreme weather events. Figure 12 helps to narrow

priority area furthermoreFor the BCA we consider nearm interventions in Khulna and Barisal.

Most of the islandef the Bangladesh Sundarbans are inhabited, and the populatibhéSundarbans
Reserve Forest and Sundarbans impact zone (thatfi@sentis at about 3.8 million (rural population
in upazilas withimheSundarbans and immediately adjacent {o fthe major geomorphic features are

mudflats, bars, shoals, beach ridges, estuaries, extensive network of creeks, paleomudflats, coastal
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dures, large number of islands asdltpans Figure 13 below presents inundation map of Sundarbans
by inundatedarea. About 8 million population is located in blue area that is more than 3 m inundated

during storm surge. This population is expected to alniggie by 2050.

The spatial distribution of the population The Sundarbans is closely linked with their occupational
distribution. Landless and marginal households, who are often directly dependent on the forest and
rivers, are concentrated on the rivéanks bordering the forest. The landed households are mostly

placed in the iteriors or towards the mainland

Figure B. Projection of storm surge inundation
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3.1.1.Foreshore afforestation (mangroves restoration and plantatem$jnangrove

protection
Mangroves protects coastal zone from storm sur@enefits and cost of this intervention was

calculated for the period 2018050. This intervention protects population in Khulnha. The range of
estimates for affected populations thabuld be protected by mangrove restoration summarized in

table 9.
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Table 9. Affected population protected by mangroves restoratiwnillion)

2025 2050
Low bound 5.51 4.29
Central estimate 6.40 6.40
Upper bound 7.44 9.55

Source: Estimates by the autlsor

In order to estimatehe protective function of mangroves we modekarge height as a functiorf o
mangrove densityA reduction in mangrove density would resultiigher storm surge. Increase$ea
Surface TemperatureSST along with mangroves degdation would be two complimentary factors
that increase intensity of cyclone impact in Khulna District. In Barisal District unprotected by
mangroves only increasenSST will accelerate impact of storm surge. Cyclone darisapresented

as a lineafunction of surge heighfwWorld Bank2012,World Bank2014)

This model allowed constructing 5 Business As Usual (BAU) scenarios for Khulna and Barisal Districts.
Baseline scenario assumed impact of climate change increases intensity of storms and causes
mangioves degradation. Total damage depends on the exposed population. For Kiralndifferent

population change scenarios were considered:

1 1% population growth;

i Stabilizatiorof populatior; and

1 1% of population decline.
Damage per capita calculated in each BAU scenartakinginto accountannual per capita GDP growth
(5% annuallyin Sundarbans In Barisal District only two population dynamics scenarios were

considered: 1% population growth and 1% of population decline.

In changing climatic condiins it is very difficult to apply conventional methodology to prediet

future cost of cyclones. Frequency and severity of cyclonest likely will increase (AR5, Working
Group 2, 2018 Newest development in climatic modeling may allow increasingracguwof future
predictions. In the meantime one should rely on arbitrary built distributitasake into account
uncertainty in major cyclones occurrence over 40 years period. Beirgeoconservative side we
assumed thathe probability of cycloneccurence each year is 0.1. It correspondsath0 year major
cyclone return period in the deterministic model. Cyclone occurrence each year is treated as
statistically independent events. Therefore there is some very small probability that no major cyclone
occurs over 40 years, as well as there is a small probability that cyclones will return each year. In order

to eliminate outliers we consider results in 90 % confidence interval (Cl).

5 http://www.rff.org/events/pages/introductionclimate-changeextreme-events.aspx
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Figure14 below illustrates distribution of cyclones frequency over thext 40 years. Number of

cyclones in 90 % Cl is from 1 to 7 over the 40 years period.

Being on theonservative side we assume that probability of major cyclones does not depend on global
temperature rise. However, as we mentioned before, cyclone intgngil increase with SST rise that

is a function of global temperature in our model. Global temperature dependhaglobal emission
scenario. For the global temperature simulation we use DICE 2013 (Nordhaus), the open source
integrated assessment modelThe model translates global Greenhouse gases (GHG) emissions int

global temperature increase.

Figurel4. Average predicted number of cyies in Bangladesh in 2012050
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SourceEstimates by the authors.

Box 1. Reconstruction of baseline and alternad scenarios for mangroves protection/planting

Thebasline scenario assumes on average 1% of mangrove degradation over the period up to 2050.
Mangrove protection constitutes an adaptation intervention. We assume pleaitingof mangroves

on 5530 ha eery year during the next 20 years would prevent degradatimnmangrovesin
Sundarbangthe total area of 395,000 h&) Alsq protection of mangroves requieehusbandry

sedimentation of ashoreline Total costal line is about 750 km. Annual sedimentatiooukl be

6 Planting of forest could be scattered across an entire forested area in order to obtain maximum protecting effect. Also we
assume dditional 40% of replanting required due to 60% survival rate of seedlings.
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compleed on about 37.5 km per year. Thest ofmangroveplanting per ha if)SH,680 (see Dasgupta,
2010) and cost of husbandry sedimentatias estimated at U$1.5 million per km of coastline,

assuming 500 m3fdand is needed to reinforcend of costal line, and cost of moving 1 m34SE3.

Benefits of intervention include direct and indirect benefits of mangroves protectitangroves
reduces exposure to storm surge addmage from gclones, mitigating negative impact of relatively
frequent andmoderately intensive cyclone$he protectiveralueof mangrovessestimated in (Vérid

Bank,2012)andbriefly summarized below.

Projection of storm surge inundation in a changing climate (Dasgupta et al, 2010) confirmed an
essential protective functionf margroves. Storm surge in mangr®earea is projectd two times less

than in the area witbut mangroves (marked in red in the map figure 13). Degradation eignose
forestsdue to climate change and human activity ults in losses of its protectiviinction, while
interventions to protect mangroves enhancegihprotectivefunction and reducethe risk of cyclone
damage.CycloneSidr that hit the SIZ in 2007 generated substantial damage in Barisal District,
unprotected by mangroves, while damage wadatively lower in Khulna District, protected by

mangroveqseeGovernment of Bangladesh (GoB), 2D08

InWorld Bank2011 araverage per capita damage in Barisal is about US$170 per capita, and in Khulna
District¢ about US$77. Degradation of mangrovesults in increased damage calculated as a linear
function of reduction mangrovedensity (based on the reported data for the whole affected area
damage This damagevas estimated as a function of storm surge). A 5% per year appreciation
coefficient was pplied to the base value of damage from cyclone, assuming the values reported in WB

2011 were calculated for the year 2010.

The difference between degradation (reference or BAU) scenario and protection scenario constitutes
benefits of prposed adaptationritervention. In addition to protective benefits from cyclones and
storm surge, mangroves have several quantifiable benefitg we include in BCAA detailed

descripton of benefits presented below.

Value of mangrove services in Sundarbans
Proposed interention allows preservation of various beneffisovided by mangrove&Ve monetized
provisional valuerecreational valuebiodiversity protectionvaluesand climate regulatiorvalues of

mangroves
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1) Provisional values
The study by Islah{2010)quantifies the economics of extraction and sale of marketed products from
the Sundarbans Reserved Forest (SRF) that form the basis for an assessment of direct annual use of
the various categories of goods extracted from SRF: tinmmgrtimber forest products; fish; ahother
aquatic resources. Timber and fuel wood were exclude from the study siadéinistry of Forest put
amoratorium on timber felling in 1989 and on fuel wood collection in 1995 (Islam , 2010). Growth of
tree volume in the SRF reported in MinistryEafvironment and Forests in Bangladesh (2010) suggests

that this moratorium is quite effective.

Provisional function of mangroves is valued applying information reported in Islam (2010). This study
usedastructured questionnaire survey of the SIZ popaaton the annual extraction of products from
mangroves and benefits and costs of their collection. We used only benefits and costs of collectors for

the net benefit estimation. Reported data are presented in the table below.

Table B2 Net annual income bthe SIAB collectors

Mangrove products Annual income of | Total Net annual income
extracted each collector, Tk, collectors million Tk.

Non Golpata/Grass (Shon) 23451 78696 1292

timber

products

Fish Gura (small) fish 47153 104928 1979
Sada(white) larg fish 63311 67453 2989
Hilsha 40413 127712 3097
Shrimp large (galda) 59737 23154 968
Shrimp large (bagda) 66220 73300 3398
Shrimp gura (galda) 69833 23154 970
Shrimp gura (bagda) 62424 73300 3203
Shrimp fry (galda) 63368 228592 14485
Shrimpfry (bagda) 46505 179876 8365

Aquatic | Crab 86334 75398 3906

resources

Non Honey 14830 24583 201

aquatic

resources

Total 1,080,146 44,853

Source: Islam (2010)

7Islam M. (2010) A Study Of The Principal Marketed Value Chains Derived From The Sundarbans Reserved Forest. IRG, USAID.
8 Definition of the SIZ in Igball (2010) is differentfréhe definition that was adopted in this report. However, we accept a
conservative approach, utilizing Igball (2010) information due to the lack of data how different definitions of the SIZ would
affect the total number of collectors in the SRF.
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Thenapplying Tk.9 per US$ lexchange rate, average provisional value of mangravé&unérbans

is estimated atJS$ 1646 per hectare.

2) Recreational values

Domestic and international tourist flow in the SIZ isaged inlgball et al (2010).

Table B3Foreign and domestic tourists in the SRF

Foreign tourists Domestic tourists
2004 1,457 46887
2005 1,298 69,078
2006 1,582 92,632
2007 2,083 94,745
2008 1,861 78,689

Source: Igball et al (2010)

Expenses of a foreign touriate estimated at aboutUSE000 per trip, includingUSR000 air ticket,
US$O00 trip to Sundarbans, and remainibg$00 for hotel in Dhaka and other expenses. Domestic
tourist expensesire estimated at aboutUS$0 per person/trip. Total expenses are estimated at 0.6
billion Tk. annuallyThe expenses reflecalow level of ecotourism development in the SRF. Ecotourism
development is one of the wayto improve livelihoods of local population and accumulate
conservation funds for the SRF. Recreation value per hectare of forest in Sundarbans is estimated

US$24 per hectare.

3) Biodiversity values
There are several metanalsis studies of ecosystem services values available (Hussain et al, 2011; de
Groot et al, 2012). The study by de Groot et al is a background estimate provided by the TEEB project.
The study presents metanalysis of ecosystem services valuation studies fall over the world. It
gives acomprehensivesummary of reported values of ecosystem services in different ecosystems,
including tropical forests. This study presents an average median value of coastal forests that include
coastal areas with mangrove$ledian nursery service value per hectare of coastal area is estimated
at InternationalUS$1,12per hectare or US$376 per hectare; and gene pool conservation values are
estimated atinternational US$ 1,815 per hectare or US$605 per hectare in Banglagssy PPP

conversion ofnternationalUD$ into US$.

4) Climate regulation or carbon pool value
Carbon sequestratio in Sundarbans is estimated @overnment of Banglades2({11). Only above

ground accumulation is taken into account on this report.

9 http://www.teebweb.org
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TableB4. Carbonsequesteredn different mangrove forest in Sundarbans

Sundri Gewa Goran
Ct/ha 95%Cl Ct/ha 95%C| Ct/ha 95%Cl
Trees above 109 +/-15 56 +/-15 20 +/-4
ground

Source: Government of Bangladesh, 2011

For the whole Sundarbans (Government of Badgsh, 2011) estimatdbat averagecarbon pool for
trees aboveground is at abo8® t/ha (+£11t/ha). Then applying price ptne of carbon as in (Tol,
2011)for the Social Cost of Carbon (S@C5.2US$/t CO2 with discount 5%, average cost of carbon

accumulatedm mangroves is estimated at UIS$63 per hectare.

Although for deterministic calculations we appiy SCC from Tol 2011, as it was required to establish
I a02YY2YyY RSY2YAYIlIG2NE G6AGK 20KSNJ aidzZRVOKEE F2NJ
2013 to compute the SCC. For calculating revenues from REDD+ we assumed heavilyediscoun

market price @5/tCO2 in 4G, i.e. about the same as in fiscount rate scenario.

Then total mangroves values are summarized in the table below

TableB5. Annual mangrove values estimated in the report (US$ per hectare)

Provisional 1,646
Biodiversity protection 981
Recreational 24
Climate regulation 1,563
Total 4,214

Source: Estimated by authors

Results obenefit cost analysis for different discountteéa summarized in tabl&O.

Table10.Benefits and cost of mangroves protectionTineSundarbans ¢S million)*°

Discount 3% 5% 10%
Cost 1,788 1,352 783
Provisionabenefits, biodiversity,ecotourism 3,655 2,321 907
values

Protective servicegalues 2,123 1,218 368
Climate regulation @bonpool) values 293 194 0-87
Total benefits 6,071 3,733 1,362
BCR 3.40 2.76 1.631.74

10 According to Tol 2011 SCC at 10% discount rate is zero, at the same time it is advisable to apply at list a market value of
carbon around $5/tCO2. A 5% a year appreciation coefficient was applied to SCC.
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If we applythe USEPAecommendedSCGt US$11/tCO2 calculated with 5% discount rdfehen the
BCR increases from7A.to 2.92

We run MonteCarlo simulation in order to account for uncertainty and calculate rilsted BCR.
Selected assumptions for Mort@arlo simulationssummarized inFigure 15, A and B Estimated

distribution of benefits presented in figure 16.

Figurel5. Cos¢ of mangroves protection: planting coS per ha(A) and sedimentation cosy S
million per km of coadine (B)

Cosl per ha Sediment cos| Skm

Prababilt
Probabii

A0 M X N L B IR 2 20 28 28 IR 3R

A. B.

Figurel6.Benefits of mangrove&)Sh/ha, including gee pool,nursery function, provisional
benefits basline damage from gclones USh per person), benefits frortourism (recreational
benefits)

Gene pool Siha Nursery function $ha Plovisional $/ta

Frobavity
Probabity

Prababiy

damage Skd/person in Khuina USD Tourism Sha

Probatity

Prababilty

E) E) ) ® n ] E)

{2dzNOSY ! dziK2NBRQ | &dadzyLliAazya

For MonteCarb simulation we consider the base case with discount rate®@sults of MonteCarlo

simulations presented in figure/1 A, BandC

11 Seehttp://www3.epa.gov/climatechange/EPAactivities/economics/scc.html
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Figure T. A.Distribution of BCR for mangnees protectionbenefits
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Source: Estimates by the authors.

Figure . B. Distribution of BCR for mangroves protection including global carbon benefits,
provisional value, biodiversity and tourism
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SourceEstimates by the authors.

35



Figure Tr. C Distribution of BCR for mangroves protection including potential monetizable carbon
benefits from participation in REDD+

Source: Estimates by the authors.

In allcarbon monetizatiorcasesthe expected BCR i8gher than 1.

In case with all benefitscluded the BCR is about 3. With an option valtiee risk adjusted BCR is
about 10% higher, i.et is about 3.3. Inthe worst case scenarithe BCR may not be lower than 1.2.
Therefore mangroves protection coulde recommended for implementation. It may take about 20
yearsto implement the program of mangroves protectiddew information on climate change, status

of global carbon market, actual efficiency of mangroves to mitigate damage from storm stocge
would becomeavailable during this period. #llows a narrowing range for the BCR and decidarg
acceleration of phasing out the project. Taking into account benefits of flexibilities, the risk adjusted

BCR for mangroves protection wiREDD+ benefits inases to 1.2

3.1.2. Multipurpose cyclone shelters, cycleresistant private housing and further

strengthening of the early warning & evacuation system
Shelters andn early warning system prevent risk of human health losses, primahilyother losses

maystill occur.ln 1991 about 190,000 lives were ldslultipurpose cyclone shelters, which were built
mainly after the cyclone of 1991, were found useful in flood and in small intense cgdimme1991
onward. At present, about 15% of the coastal popiola is under the coverage of cyclone shelters.
About 1.5 million people took shelter duriegcloneSidr. Duringcyclone Sidabout3.5 thousand lives

were lost(Government of Bangladesh009).

36











































































