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1. Brief description of the situation in Bangladesh 
Due to its location and geological specifics, Bangladesh is among the most exposed countries to climate 

change. Low per capita income is an important resource constraint on the path to reducing exposure 

and coping with damage from climate change. This makes Bangladesh one of the most vulnerable 

countries with respect to the changing global environment. Bangladesh is already exposed to severe 

natural hazards and extreme weather events. Continuous sea level rise exacerbated by the sinking 

delta of the Ganges River creates an imminent threat to the multimillion-strong population of The 

Sundarbans and other coastal areas. Tropical cyclones, tidal surge, regular floods, droughts, and heat 

waves have already cost several million dollars per year.    

1.1. Climate change and economic growth 
Future climate change will have profound consequences threatening the economic growth of the 

country and may compromise development goals dragging Bangladesh into a development trap. Burke 

et. al. (2015) predicts double-digit losses of GDP per capita due to climate change (see Figure 1). Such 

losses may be an unbearable burden for the socioeconomic system of Bangladesh. The damage 

functions presented in Figure 1 were calibrated based on historic data and, in our view, they reflect 

continuation of a business as usual (BAU) development scenario. Development according to a BAU 

scenario will lead Bangladesh into the άŀŘŀǇǘŀǘƛƻƴ ǘǊŀǇέΦ Adaptation should be deeply embedded into 

the development strategy, combining reduction of exposure with building resilience on a foundation 

of structural transformations of the Bangladesh economy in favor of the manufacturing sector, with a 

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

Table 1 summarizes major socioeconomic indicators critical for understanding the vulnerability of 

Bangladesh to climate change. 

Combining implied projections of GDP for 2050, i.e. GDP per capita at $6,395 with the (Burke et. al., 

2015) damage functions, we conclude that in the BAU scenario with climate change, an actual GDP per 

capita net of climate damage will be in a range of $3,200-4,800. Therefore an implied average net 

growth rate of GDP per capita will be in an interval of 2.8-4%. 
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Figure 1. Damage functions for the major regions, based on econometric analysis of historic data 

 

Source: Burke et. al., 2015. 

Table 1. Selected economic indicators in Bangladesh (current and 2050) 

   
Value Year Source/comments Value Source/comments 

Population 
(millions) 

159 2014 WDI, 2016 228 BBS 

Population annual 
average growth rate 

1.13% 2014 WDI, 2016 1.15% BBS &State of the Coast, 
2006 

Coastal population 
(millions) 

35 2003 State of The 
Coast, 2006 

58 State of the Coast, 2006 

Coastal population 
annual average 
growth rate 

1.36% 1991-
2001 

State of the 
Coast, 2006 

1.05% State of the Coast, 2006 

GDP (billions of 
constant 2005 US$) 

119 2014 WDI, 2016 1,607 Projected with the 
growth rate in the 
following row 

GDP average annual 
growth rate 2001-
2014 

5.8% 2001-
2014 

WDI, 2016 7.5% Various Government 
announcements 

Per capita GDP 
(constant 2005 US$) 

478 2014 WDI, 2016 7,045 Estimated 

Road length (km) 272,487 2007 BBS 340,609 Assumed 25% expansion 

Share of paved 
roads 

30% 2007 BBS 100% Assumed 

Primary school net 
enrollment rate 

91% 2007 Ministry of 
Education 

100% WDI, 2016, average rate 
in comparator countries 

Per capita electricity 
consumption (kWh) 

278 2012 WDI, 2016 3210 WDI, 2016, average level 
in comparator countries 

Source: WDI, 2016; World Bank, 2010  
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This is two times lower than the desirable growth rate announced by the Government at 7.5% (seen in 

Table 1). In sum, climate change should be treated as an important barrier to meeting development 

goals and it should be discussed in the context of a long-term development strategy. 

Islam (2010) reported that when the population of SIZ was asked to assess the severity of different 

problems associated with climate change, they ranked salinity increase, lack of fresh water, losses in 

agriculture and declining yield of SRF the highest. Figure 2 below presents the results of this survey. 

Figure 2. Ranking of climate change related problems by population of SIZ 

 
Source: Islam (2010) 

 

The population of Bangladesh is very poor to cope with climate risks with no external assistance. Rural 

income in the five selected zilas is very low (Asian Development Bank (ADB), 2006) with rural poverty 

level at about 50% and above in Khulna and Barisal divisions of the SIZ. The Table below compares the 

head count poverty ration in SIZ versus non-SIZ upazilas as reported in (Islam, 2010). The traditional 

production process does not support adequate living 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 considered for understanding risks of climate change and crafting 

an adaptation strategy: 

¶ Hazards, 

¶ Exposure, and 

¶ Vulnerability. 
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Hazards constitute exogenous parameters. They are defined by patterns of climate change driven by 

anthropogenic GHG emissions and a response of the global climatic system to accumulation of GHG in 

the atmosphere. These exogenous factors are out of control of any individual country and should be 

treated as given for the integrated analysis of development policy in changing climatic conditions and 

for benefit-cost analysis (BCA) of adaptation. Global and regional climatic models are the best available 

source for hazard projections, while historic data helps to understand the current state of climate 

change and to track some important trends. 

Uncertainty is a serious challenge for projection of future exposure to climate change; the issue of 

attribution complicates the interpretation of current extreme weather events. For example, should an 

increase in the severity of cyclones be attributed to climate change or just treated as result of a 

άƴƻǊƳŀƭέ ǾŀǊƛŀōƛƭƛǘȅ? Another example is how to separate an increase in inundation between ongoing 

geomorphological processers and the global sea level rise. Applying a holistic approach, we should 

avoid attribution issues and treat all benefits and all costs of interventions equally in BCA. 

Exposure is more in the control of a country suffering from climate change. In the case of Bangladesh, 

reallocation of population from areas with a high rate of hazard would reduce exposure. Updating of 

early warning systems and building and reconstruction of shelters reduces exposure of population in 

areas with high rate of hazard to deadly consequences of tropical cyclones, storm surge and floods. 

However, these interventions will not reduce exposure of agriculture. Therefore there will be residual 

damage from extreme weather events, as well as from other negative impacts of climate change.  

An ability of the country to deploy comprehensive adaptation interventions and to cope with residual 

damage determines the resilience of the country to climate change. Lack of ability or insufficient ability 

to implement adaptation interventions and withstand residual damage defines vulnerability to climate 

change.  Vulnerability could be expressed in economic indicators, e.g. cost of adaptation as a share of 

GDP, gross capital formation and residual damage as a share of GDP, or final consumption as a share 

of the state budget. Understanding of uncertainty and probabilistic character of climate change is 

critical to understand vulnerability of a country to climate change. It is not enough to refer to 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 example, a mega cyclone or flood.  

Figure 3 illustrates average damage from cyclones and floods and annual variability. On average, the 

total damage from cyclones and floods is at about 2.5% of GDP (see Gomez, 2014), but the total 

damage could double or quadruple. A so-ŎŀƭƭŜŘ άмлл ȅŜŀǊǎ ŜǾŜƴǘέ Ƴŀȅ ŎŀǳǎŜ ŘƻǳōƭŜ-digit damage. 

This indicates an extreme vulnerability of BangladesƘ ǘƻ άŎƭƛƳŀǘŜ ǎƘƻŎƪǎέΦ hǾŜǊ the next decades the 

negative impact of climate change on Bangladesh will intensify. Both average annual damage from 
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climate change, and the magnitude and frequency of a random shock may increase, triggered by mega 

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

Figure 3. Damage from floods and tropical cyclones 

 

Source: adapted from Gomez, 2014. 
 

1.2. Major hazards from climate change and need for adaptation 
Tropical cyclones, floods, droughts and other extreme weather events create an immediate threat for 

.ŀƴƎƭŀŘŜǎƘΩǎ ŜŎƻƴƻƳȅΦ {Ŝa level rise attributed to climate change exacerbated by sinking Ganges Delta 

creates a longer-term impact in The Sundarbans and coastal zone on the southeast. Cyclones of various 

intensity hit coastal Bangladesh almost every year in April-May or October-November. 

In the literature, tropical cyclones are indicated as a significant source of natural hazard and damage 

for human health, agriculture, real estate, infrastructure and personal property. Cyclone occurrence is 

highly uncertain. Although published data is incomplete and very often not comparable, based on 

available sources it is possible to conclude that the major cyclonesΩ return period is 10 years (Dasgupta 

et al, 2010). Figure 4 presents the tracks of cyclones in Bangladesh in the last 50 years. This figure is 

adopted from Ministry of Environment and Forests (2009). 
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Figure 4. Tracks of cyclones in Bangladesh in the last 50 years 

 
Source: CEGIS 

 

Casualties from cyclones and floods in Bangladesh are devastating and according to Table 2, the annual 

number of deaths from tropical cyclones per affected population is about 5.6 times higher than in 

India.   

Table 2. Casualty from extreme weather events 

 Tropical cyclones Mesoscale 
convective 
clusters 

Tropical cyclones Mesoscale 
convective 
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 

Deaths/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 
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Life losses and injuries attributed to extreme weather events is an immediate concern that should be 

addressed. Multipurpose shelters and an early warning system should be considered as the most 

urgent intervention since it could potentially prevent up to 5000 lives loses a year. However, it would 

not prevent other losses due to floods and cyclones. 

Table 3 summarizes losses frƻƳ ŀ άǎǳǇŜǊ ŎȅŎƭƻƴƛŎ ǎǘƻǊƳέ όŜȄŎƭǳŘƛƴƎ ƭƛŦŜ ƭƻǎses and injuries). Agriculture 

is accountable for 26% of the total damage. However, for less intensive cyclones and floods, 

agricultural losses may dominate.  

Table 3. Damages and losses during a single super cyclonic storm 

 Damages and Losses (Cyclone Sidr) 
 

Damages and 
Losses 
(Average 
Severe 
Cyclone) 

Current 
Million US$ 

Constant 
Million 2009 
US$ 

Share of total 
(%) 

Constant 2009 
Million 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/Tourism 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: World Bank 2014, p.32 
 

About 70 % of the population live in rural areas and depend on agriculture as an important source of 

income and as subsistence. The population of The Sundarbans already suffering from insufficient 

production is disturbed by extreme weather events, increased salinity and other factors of natural 

resource degradation.   

Figure 5 presents potential rice requirement and actual 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 even the existing level of consumption, 

which is already insufficient, with about 40-50 % of children under 5 malnourished in the SIZ1.  

                                                           
1 DHS 2007 data 
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Figure 5. Rice production and consumption scenarios in the SIZ 

 
Source: World Bank, 2012 

 

According to figure 6, almost the entire territory of Bangladesh is prone to various natural disasters 

that interfere with agriculture. Increase in intensity and frequency of these events is attributed to 

climate change. The cyclone-prone zone is the most vulnerable to climate change. Polders protect 

population in this zone and agricultural land. However, over time the reliability of polders is diminishing 

(see figure 7).  

Note that climate change, on one hand, contributes to a permanent decline of productivity in 

agriculture (salinity, erosion, permanent losses of agricultural land due to sea level rise). On the other 

hand, agriculture is subjected to random shocks attributed to extreme weather events with 

devastating consequences for affected areas.  
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Figure 6.  Areas prone to various natural disasters 

 

Source https://germanwatch.org/en/download/8347.pdf 

 

Figure 7. Polders exposed to climate change 

 

Source: World Bank, 2014 p. 38 
 

According to the World Bank synthesis study (World Bank, 2010a) where crop yields are separately 

modeled for 16 different regions using climate predictions from 16 global circulation models for 3 

ŜƳƛǎǎƛƻƴ ǎŎŜƴŀǊƛƻǎΣ άΧŎǳƳǳƭŀǘƛǾŜ ǊƛŎŜ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ ŘŜŎƭƛƴŜ ōȅ ул Ƴƛƭƭƛƻƴ ǘƻƴǎ όŀōƻǳǘ оΦф҈ 

each year) over 2005-50. Agricultural GDP is projected to be 3.1% lower each year (US$36 billion in 

lost value-added) and total GDP US$129 billion lower due to climate change over the 45-year period 

2005-нлрлέ όǇΦпоύΦ Lǘ ŎƻƴǘǊŀŘƛŎǘǎ ǘƘŜ Ǝƻŀƭǎ of GDP growth summarized in table 1.  

Radical increase of productivity in agriculture is an important priority in adaptation to climate change. 

https://germanwatch.org/en/download/8347.pdf
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Some agricultural lands would be lost due to sea level rise (see table 5) and salinity increase on 

inundated lands due to continuous and intensifying storm surge and regular failure of dykes. 

Table 5. Global mean surface temperature change and sea level rise 

 2046-2065 2081-2100 

 Scenario Mean Likely range Mean Likely range 

Global mean 
Surface 
Temperature 
Change (oC) 

RCP2.6 1.0 0.4-1.6 1.0 0.3-1.7 

RCP4.5 1.4 0.9-2.0 1.8 1.1-2.6 

RCP6.0 1.3 0.8-1.8 2.2 1.4-3.1 

RCP8.5 2.0 1.4-2.6 3.7 2.6-4.8 

 Scenario Mean Likely range Mean Likely range 

Global mean 
Sea Level Rise 
(oC) 

RCP2.6 0.24 0.17-0.32 0.40 0.26-0.55 

RCP4.5 0.26 0.19-0.33 0.47 0.32-0.63 

RCP6.0 0.25 0.18-0.32 0.48 0.33-0.63 

RCP8.5 0.30 0.22-0.38 0.63 0.45-0.82 
Source: AR5, WG1, Stocker, 2014.  

 

Major hazards attributed to climate change like sea level rise, cyclones, floods etc., act as compounding 

factors mutually amplifying the negative effect of each other on economy and society. Agriculture 

suffers from all natural hazards directly (harvest losses as a result of extreme weather events) and 

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

While existing literature provides a comprehensive assessment of current economic losses and 

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

elements of future hazards and damages. A comprehensive analysis of the future 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 literature, one can conclude that climate change already interferes with economic growth, and 

in the future climate change may become a major barrier for Bangladesh to become a mid-income 

country. 

Major vulnerability in the midterm in Bangladesh is linked to a low degree of protection of population 

from floods and tropical cyclones, especially for population in sea-facing polders. In the long-run, the 

major issue is loss of productivity in agriculture and industry that may become an impassable barrier 

for the Bangladesh economy to reach a ƘƛƎƘŜǊ ǎǘŜŀŘȅ ǎǘŀǘŜ ŀƴŘ άƧƻƛƴ ǘƘŜ Ŏƭǳōέ ƻŦ ƳƛŘŘƭŜ ƛƴŎƻƳŜ 

countries. 



 

14 
 

1.3. Limited resources to cope with climate change 

1.3.1. Long-run macro analysis 
In the long-run, resilience to climate change depends on economic potential of a country. The same 

damage of US$2 billion is accountable for 2.6 % of GDP (see table 3) in Bangladesh, while for a country 

like South Korea it would be just 0.14% of GDP (WDI, 2016). The Netherlands regularly experiences 

damages from storm surge, but despite a higher absolute value of damages from severe events, in 

relative terms it constitutes a fraction of a percent of GDP. 

Climate hazards will likely increase over time. Due to its geographical location, Bangladesh will always 

be exposed to climate change. Building resilience to climate change, in our view, should be a top 

priority of a development strategy. Structural changes of economy with a corresponding significant 

increase in productivity of agriculture, manufacturing, services, etc., is the only way to converge to a 

higher steady state, and to become a middle-income country.  

Figure 8. Low and high steady states

 
Source: Estimates by the authors. 

 

Figure 8 illustrates transition to a higher steady state. If a savings rate corresponds to the blue line, an 

economy will be on a convergence path to a higher steady state. If however, savings are insufficient 

(orange line), an economy may be trapped in a lower steady state. Climate change has three ways of 

interfering with continuous economic growth and convergence to the highest steady state: 

¶ Permanent damage reduces total productivity of economy. For a given savings rate (calculated 

as a percentage of output), an economy exposed to severe climate change would mobilize less 

resources to continue capital accumulation. The blue curve shifts downward; 
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¶ Uncertainty and risks attributed to climate change reduces risk adjusted return on capital. 

Therefore savings rate decline and the blue curve also shifts downward. 

¶ Extreme weather events destroy wealth and contribute to degradation of agricultural lands. In 

terms of an economic growth model, these damages are reflected in a higher depreciation rate 

of accumulated capital. The grey curve shifts upward. 

As soon as a blue curve crosses the depreciation line, an economy is at risk of sliding to a lower steady 

state. 

¢ƘŜ ŎǊƛǘƛŎŀƭ ǉǳŜǎǘƛƻƴΥ Ƙƻǿ άŦŀǊ Řƻǿƴέ may climate damage shift the blue curve directly reducing 

productivity of economy and indirectly suppressing incentives for savings and investment into risky 

assets? 

Figure 8. A. Economy converges to a lower steady state 

 

Source: Estimates by the authors. 

 

Figure 8.A illustrates the situation when climate change makes a real difference to long-term economic 

growth.  Figure 8.B. illustrates the situation when the country is on the edge to 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 productivity of an economy. 
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Figure 8.B. Country on the edge to be locked in a lower steady state 

 

Source: Estimates by the authors. 

1.3.2. Midterm perspective 
In the midterm, there are several pressing needs for adaptation to climate change that require 

mobilization of resources immediately. The cost of climate change constitutes a burden on households, 

municipal and state budgets. 

Relatively low GDP (in absolute terms and per capita) creates an obvious constraint to mobilize 

resources for adaptation. Various development priorities are in competition for public money and 

multilateral development assistance. 

Nevertheless, in 2008 the government of Bangladesh adopted the Climate Change Strategies and 

Action Plan, which was revised in 2009. The strategy focuses on the following priorities (see Mallick et 

al 2012):  

¶ Food security, social protection and health, 

¶ Comprehensive disaster management, 

¶ Infrastructure development and protection 

¶ Research and knowledge management, 

¶ Mitigation and low carbon development, and 

¶ Capacity building and institutional strengthening. 

The total cost of adaptation programs for the five years is estimated at around US$5 billion (Climate 

Change Unit, 2012) i.e. about US$1 billion per year. It is about 0.6% of Bangladesh 2014 GDP, 3.6% of 

gross capital formation, about 7% of tax revenues and 37% of net development assistance. 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 summarizes ongoing projects on climate change. Committed 

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

Presented in Table 6 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 implement near-term 

interventions and compensate for residual damage from climate change. 

Figure 9 demonstrates overlapping 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 vulnerable and have the lowest capacity to 

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

Figure 9. Poverty and extreme weather events

 

Source: The World Bank, 2010a 
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Table 6. Summary of ongoing projects on climate change in Bangladesh 

 

 Source: Mallick et al 2012 
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2. Methodology for benefits and cost estimation 

2.1. Uncertainty and risk quantification for BCA 
Cost-benefit analysis is a powerful tool to support the decision-making process. It helps a decision 

maker to choose among a wide range of well-specified alternatives (development goals, investment 

strategies, etc.) providing a common denominator to assess and rank them in a consistent way. In our 

case alternatives are specified as a potential decision of a country to navigate capital formation in order 

to build άǘƘŜ ŀǎǎŜǘǎ ǇƻǊǘŦƻƭƛƻέ ƭŜǎǎ ǾǳƭƴŜǊŀōƭŜ ǘƻ ǘƘŜ climate change related events. According to AR5 

WG 3, benefit-cost analysis (BCA) is extremely useful when dealing with well defined problems like the 

benefits and costs assessment of building dykes to reduce the likelihood and consequences of cyclones 

given a projected sea level rise attributed to climate change. Another example mentioned in AR-5: BCA 

can provide a framework for defining a range of global long-term abatement targets across countries 

to facilitate negotiations (see also Stern, 2007). 

 ά¢ƘŜ Ƴŀƛƴ ŀŘǾŀƴǘŀƎŜ ƻŦ BCA in the context of climate change is that it is internally coherent and based 

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

outcomes of market activity, BC! ƛǎΣ ŀǘ ƭŜŀǎǘ ƛƴ ǇǊƛƴŎƛǇƭŜΣ ŀ ǘƻƻƭ ǊŜŦƭŜŎǘƛƴƎ ǇŜƻǇƭŜϥǎ ǇǊŜŦŜǊŜƴŎŜǎΧǘƘƛǎ 

line of reasoning can also be the basis for recommending that this approach not be employed for 

making choices if market 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 cost-ōŜƴŜŦƛǘ ǊŜƭŀǘƛƻƴǎƘƛǇέ ό!w рΣ ²D оΣ /ƘŀǇǘŜǊ н ǇΦнуύΦ  

Acknowledging an important role of BCA for decision-making, AR-5 also stresses major challenges 

when defining the optimal level of mitigation actions:  

(1) The need to determine and aggregate individual welfare,  

(2) The presence of distributional and intertemporal issues, and  

(3) The ŘƛŦŦƛŎǳƭǘȅ ƛƴ ŀǎǎƛƎƴƛƴƎ ǇǊƻōŀōƛƭƛǘƛŜǎ ǘƻ ǳƴŎŜǊǘŀƛƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƳǇŀŎǘǎΦέ2 

ά! ǎǘǊƻƴƎ ŀƴŘ ǊŜŎǳǊǊŜƴǘ ŀǊƎǳƳŜƴǘ ŀƎŀƛƴǎǘ BCA (Azar and Lindgren, 2003; Tol, 2003; Weitzman, 2009, 

2011) relates to its failure in dealing with infinite (negative) expected utilities arising from low 

ǇǊƻōŀōƛƭƛǘȅΣ ŎŀǘŀǎǘǊƻǇƘƛŎ ŜǾŜƴǘǎ ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ΨŦŀǘ ǘŀƛƭǎΩΦέ ό!w рΣ ²D оΣ /ƘŀǇǘŜǊ н ǇΦнуύΦ 

AR-5 WG -2 summarizes different tools for decision making under uncertainty that can be applied in 

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

                                                           
2  http://opim.wharton.upenn.edu/risk/library/IPCC-AR5-WG3-Ch02_Mitigation-of-Climate-Change_Assessment-of-

Response-Policies.pdf p.27.  

http://opim.wharton.upenn.edu/risk/library/IPCC-AR5-WG3-Ch02_Mitigation-of-Climate-Change_Assessment-of-Response-Policies.pdf%20p.27
http://opim.wharton.upenn.edu/risk/library/IPCC-AR5-WG3-Ch02_Mitigation-of-Climate-Change_Assessment-of-Response-Policies.pdf%20p.27
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specification of a plausible interval to fitting specific probability distributions. Watkiss et al, 2014) 

provides taxonomy and discusses strengths and weaknesses of each method (see diagram adopted 

from Watkiss et al, 2014).  

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

to select an appropriate analytical tool. Figure 10 summarizes this selection. 

Figure 10. BCA under uncertainty 

 

Source: adopted from Watkiss, 2014. 

 

BCA provides a ranking of alternatives and BCA with Real Option Value (ROV) of risk provides balanced 

metrics for benefits and cost of adaptation policy (see Anda et al 2009). Investing in any assets can 

produce two possible outcomes: a positive return or a loss of capital. Investing in assets vulnerable to 

climate change is 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 aside 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 or inability may determine choice of an 

analytical tool illustrated in Figure 10. Inability to represent an uncertain parameter with a distribution 

is a reason to prefer robust optimization and robust decision-making (RDM). However, if a decision-

maker inclines to choose a single value to represent an uncertain parameter (i.e. just ignore risk), BCA 

ŎƻǳƭŘ ōŜ ŎƻƴŘǳŎǘŜŘ ƛƴ ŀ άŘŜǘŜǊƳƛƴƛǎǘƛŎέ Ŧƻrm.  

2.2. Expected value and risk 
The conventional method of conducting BCA relies on the mean value of an uncertain parameter, i.e. 

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 tail of the probability distribution) constitute information lost in aggregation. For example, 

the two probability distributions shown in Figure 11 have different expected value and different shape. 

Figure 11. Distributions with one having a lower expected value but a heavier tail 

 
Source: 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 but much lighter tail. Assume that each of 

depicted in figure 11 distributions represents the sum of adaptation cost and residual damage for two 

alternative interventions. Which intervention should be selected? Conventional approach suggests 

ǘƘŀǘ ŀ άōƭǳŜέ ŀƭǘŜǊƴŀǘƛǾŜ ǎƘƻǳƭŘ ōŜ ǎŜƭŜŎǘŜŘΦ 9ȄǇŜŎǘŜŘ ǾŀƭǳŜ ƻŦ ŀŘŀǇǘŀǘƛƻƴ Ŏƻǎǘ plus residual damage 

is lower. However, since an actual cost will be revealed 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. In contrast to independent random shocks, when losses in one time 

period would be compensated by surplus in another time period, climate change is represented by 

correlated shocks attributed to irreversible changes of climatic system. In this case, the shape of 

distribution should not be ignored. 

Anda et al. (2009) propose an application of a real options analysis to address uncertainties in 

environmental policy. They argued that advanced option pricing formulas could capture differences in 

distributions and provide consistent metrics to price risk and uncertainty for economic valuation and 

integrated assessment analysis (see also Golub et al, 2014).  These examples illustrate how application 

of a single expected value as a substitute for the underlying distribution may result in 

misrepresentation of benefits and costs of abatement interventions.  

2.3. Application of Real Option Analysis for valuation of risk and return 
A decision-maker should use Real Options Analysis (ROA) to estimate an impact of climate change as 

a natural extension of benefit cost analysis framework under uncertainty. 

Consider an adaptation intervention that costs Z (capital cost) and reduces damage from D0 to D1. The 

difference D0 - D1 = DR is a residual damage. Residual damage is a deferred liability. Selecting an 

adaptation strategy (intervention) decision maker commits cost Z and simultaneously takes a liability 

DR known up to probability distribution. In conventional BCA, the total cost of intervention assumed to 

be equal to Z+E(DR), where E(DR) denotes an expected value of a residual damage. An actual value of a 

residual damage reveals when an extreme weather event attributed to climate change takes place. 

Exposure to residual damage is similar to exposure of holding a short position on commodity 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 projected 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 cover the short position. A call option price reflects 

magnitude of uncertainties.  

Residual damage is equivalent of a short position on a stock market. But in contrast to a stock market 

speculator, a decision maker deals with an exposure to the future damage from the very beginning. In 

absence of adaptation this exposure is D0. The risk adjusted value of this future damage is E(D0)+P(D0), 

where P(D0) is value of risk that could be calculated using option pricing methodology. Now benefits 

of adaptation could be calculated as E(D0)+P(D0) - E(DR)- 

P(DR). Then benefit cost ratio 
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Conventional BCR calculation takes into account expected values only. Then 

 ὅὙ  . 

This methodology extends a conventional approach of BCR calculation including economic value of risk 

reduction. Then risk adjusted BCR (RABCR) equals to the following expression: 

ὙὃὄὅὙὄὅὙ
ὖὈ ὖὈ

ὤ
 

As an example we demonstrate application of ROA to calculation of a risk-adjusted value of social cost 

of carbon (SCC). 

Consider the SCC in 2020 calculated with a 3% discount rate. An expected value is $43 and is $129 at 

the 95th percentile.  Assuming, that the SCC is a quadratic function of the global average temperature 

increase above preindustrial levels (like in the DICE model in Nordhaus, 2013), the SCC could be 

described by a distribution shown in figure 12.3 

Figure 12: Social cost of carbon in 2020 

 
Source: Estimates by the authors using IWG SCC, 2009. 

 

By definition, the damage from the emission of 1 additional ton of CO2 is equal to the SCC4 (or loss of 

ŦǳǘǳǊŜ ŜŎƻƴƻƳƛŎ ƻǳǘǇǳǘύΦ [ŜǘΩǎ ŀǎǎǳƳŜ ǘƘŀǘ ǘƘŜ ŀŘŀǇǘŀǘƛƻƴ Ŏƻǎǘ ƛǎ ŀ ǇǊƻȄȅ ŦƻǊ ŘŀƳŀƎŜΦ ¢Ƙƛǎ ŀǇǇǊƻŀŎƘ 

captures some of the irreversible losses reflected as a permanent (or at least long term) loss of 

                                                           
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 higher productivity of the 

global economy.  

Society may invest in carbon intensive, buy 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 should society 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 risk, 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 distribution as the SCC), at the 

money call option would cost about $16/tCO2. Then the maximum that the 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 interventions (with benefit and cost estimations) 
Based on consideration of hazards, exposure and vulnerabilities of Bangladesh to climate change and 

also taking into account various kind of uncertainties we conclude that adaptation should satisfy the 

following criteria: 

¶ The strategy should be flexible enough to accommodate learning and new knowledge about 

global climate change and its specific implications for Bangladesh; 

¶ The initial interventions should be robust vis-à-vis imminent adjustment in response to 

learning; 

¶ Initial interventions should address the most pressing adaptation needs; 

¶ Adaptation strategy should be embedded into the long-term development strategy. 

Using World Bank (2010), World Bank (2012) and several other publications on adaptation in 

Bangladesh and applying above listed criteria we selected six strategically relevant interventions for 

BCA.  

Adaptation alternatives include interim and long-term interventions: 

Interim interventions present reactive adaptation interventions: 

¶ Polders reconstruction and setback; 

¶ Foreshore afforestation (mangroves restoration and plantations); 

¶ Multi-purpose cyclone shelters, cyclone-resistant private housing and further 

strengthening of early warning & evacuation system 

Long-term strategy of resilient economic growth, assets diversification and human capital formation: 

¶ Population reallocation; 

¶ Improvements of productivity of agriculture and fishery; 

¶ Manufacturing in the second-tier cities   

Interventions generate direct and indirect ancillary benefits that are briefly summarized in Table 7. 
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Table 7. Summary of major benefits of adaptation 

 Relocation of 
population 
from the high 
cyclone risk 
areas 

Construction 
of cyclone 
shelters and 
early warning 
system 

Mangrove 
protection 

Polders set 
back and 
selective 
enhancement 

Productivity 
of 
agriculture 

Reduction of cyclone loss 
due to mangrove 
degradation in Khulna 

 + ++ ++ ++ 

Reduction of cyclone loss in 
Barisal 

++ ++  ++ ++ 

Access to fresh water  +  +  + 

Reduction of crop loss due 
to increased salinity (shrimp 
farming) 

+     

Carbon benefits   +  + 

Enhancement of mangrove  
provisional  value 

++  ++  + 

Biodiversity  +  ++  + 

Source: Summarized by the authors. 

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

¶ Storm surges amplified by tropical cyclones; 

¶ Inland flooding and water logging.  

Thus we focus on protection of population, property and agricultural land within cyclones prone zone 

and inundation more than 1 m. Table 8 presents population in inundated areas, as estimated in World 

Bank (2014).  

Table 8. Population living in inundated area (million) 

Inundation Depth At present In 2050 

More than 1 m 16.83 35.33 

More than 3 m 8.06 22.64 
Source: World Bank, 2014 

 

Population in 3 m inundation zone experiences more intensive hazard. Due to geomorphological 

conditions this population is more exposed to extreme weather events. Figure 12 helps to narrow 

priority area furthermore. For the BCA we consider near-term interventions in Khulna and Barisal.   

Most of the islands of the Bangladesh Sundarbans are inhabited, and the population in The Sundarbans 

Reserve Forest and Sundarbans impact zone (the SIZ) at present is at about 3.8 million (rural population 

in upazilas within The Sundarbans and immediately adjacent to it). The major geomorphic features are 

mudflats, bars, shoals, beach ridges, estuaries, extensive network of creeks, paleomudflats, coastal 
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dunes, large number of islands and saltpans. Figure 13 below presents inundation map of Sundarbans 

by inundated area. About 8 million population is located in blue area that is more than 3 m inundated 

during storm surge. This population is expected to almost triple by 2050. 

The spatial distribution of the population in 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 river-banks bordering the forest. The landed households are mostly 

placed in the interiors or towards the mainland. 

 
Figure 13. Projection of storm surge inundation 

 
Source: World Bank, 2014 

3.1.1. Foreshore afforestation (mangroves restoration and plantations) and mangrove 
protection 
Mangroves protects coastal zone from storm surge. Benefits and cost of this intervention was 

calculated for the period 2015-2050. This intervention protects population in Khulna. The range of 

estimates for affected populations that could be protected by mangrove restoration summarized in 

table 9. 



 

28 
 

Table 9. Affected population protected by mangroves restoration (million) 

 2025 2050 

Low bound 5.51 4.29 

Central estimate 6.40 6.40 

Upper bound 7.44 9.55 

Source: Estimates by the authors. 

 

In order to estimate the protective function of mangroves we model a surge height as a function of 

mangrove density. A reduction in mangrove density would result in higher storm surge. Increase in Sea 

Surface Temperature (SST) along with mangroves degradation would be two complimentary factors 

that increase intensity of cyclone impact in Khulna District. In Barisal District unprotected by 

mangroves only increases in SST will accelerate impact of storm surge. Cyclone damage is presented 

as a linear function of surge height (World Bank 2012, World Bank 2014).  

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 

mangroves degradation. Total damage depends on the exposed population.  For Khulna three different 

population change scenarios were considered:  

¶ 1 % population growth;  

¶ Stabilization of population; and  

¶ 1 % of population decline.  

Damage per capita is calculated in each BAU scenario taking into account annual per capita GDP growth 

(5% annually in Sundarbans). In Barisal District only two population dynamics scenarios were 

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

In changing climatic conditions it is very difficult to apply conventional methodology to predict the 

future cost of cyclones. Frequency and severity of cyclones most likely will increase (AR5, Working 

Group 2, 2013). Newest development in climatic modeling may allow increasing accuracy of future 

predictions. In the meantime one should rely on arbitrary built distributions5 to take into account 

uncertainty in major cyclones occurrence over 40 years period. Being on the conservative side we 

assumed that the probability of cyclone occurrence each year is 0.1. It corresponds to a 10 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 (CI).  

                                                           
5 http://www.rff.org/events/pages/introduction-climate-change-extreme-events.aspx 
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Figure 14 below illustrates distribution of cyclones frequency over the next 40 years. Number of 

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

Being on the conservative side we assume that probability of major cyclones does not depend on global 

temperature rise. However, as we mentioned before, cyclone intensity will increase with SST rise that 

is a function of global temperature in our model. Global temperature depends on the global emission 

scenario. For the global temperature simulation we use DICE 2013 (Nordhaus), the open source 

integrated assessment model.  The model translates global Greenhouse gases (GHG) emissions into 

global temperature increase.  

Figure 14. Average predicted number of cyclones in Bangladesh in 2011-2050 

 

Source: Estimates by the authors. 

 

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

The baseline scenario assumes on average 1% of mangrove degradation over the period up to 2050. 

Mangrove protection constitutes an adaptation intervention. We assume that planting of mangroves 

on 5,530 ha every year during the next 20 years would prevent degradation of mangroves in 

Sundarbans (the total area of 395,000 ha)6 . Also, protection of mangroves requires husbandry 

sedimentation of a shoreline. Total costal line is about 750 km. Annual sedimentation should be 

                                                           
6 Planting of forest could be scattered across an entire forested area in order to obtain maximum protecting effect. Also we 
assume additional 40% of replanting required due to 60% survival rate of seedlings.  
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completed on about 37.5 km per year. The cost of mangrove planting per ha is US$1,680 (see Dasgupta, 

2010); and cost of husbandry sedimentation is estimated at US$1.5 million per km of coastline, 

assuming 500 m3 of land is needed to reinforce 1m of costal line, and cost of moving 1 m3 is US$3. 

Benefits of intervention include direct and indirect benefits of mangroves protection. Mangroves 

reduces exposure to storm surge and damage from cyclones, mitigating negative impact of relatively 

frequent and moderately intensive cyclones. The protective value of mangroves is estimated in (World 

Bank, 2012) and briefly summarized below.  

Projection of storm surge inundation in a changing climate (Dasgupta et al, 2010) confirmed an 

essential protective function of mangroves. Storm surge in mangroves area is projected two times less 

than in the area without mangroves (marked in red in the map figure 13). Degradation of mangrove 

forests due to climate change and human activity results in losses of its protective function, while 

interventions to protect mangroves enhances their protective function and reduces the risk of cyclone 

damage. Cyclone Sidr that hit the SIZ in 2007 generated substantial damage in Barisal District, 

unprotected by mangroves, while damage was relatively lower in Khulna District, protected by 

mangroves (see Government of Bangladesh (GoB), 2008).  

In World Bank, 2011 an average per capita damage in Barisal is about US$170 per capita, and in Khulna 

District ς about US$77. Degradation of mangroves results in increased damage calculated as a linear 

function of reduction mangroves density (based on the reported data for the whole affected area 

damage. This damage was estimated as a function of storm surge). A 5% per year appreciation 

coefficient was applied 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 proposed adaptation intervention. In addition to protective benefits from cyclones and 

storm surge, mangroves have several quantifiable benefits that we include in BCA. A detailed 

description of benefits presented below. 

Value of mangrove services in Sundarbans 

Proposed intervention allows preservation of various benefits provided by mangroves. We monetized 

provisional value, recreational value, biodiversity protection values and climate regulation values of 

mangroves. 
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1) Provisional values 

The study by Islam7 (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: timber; non-timber forest products; fish; and other 

aquatic resources. Timber and fuel wood were exclude from the study since the Ministry of Forest put 

a moratorium on timber felling in 1989 and on fuel wood collection in 1995 (Islam , 2010). Growth of 

tree volume in the SRF reported in Ministry of Environment 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 

used a structured questionnaire survey of the SIZ population on 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 of the SIZ8 collectors 

 Mangrove products 
extracted 

Annual income of 
each collector, Tk. 

Total 
collectors 

Net annual income,  
million Tk. 

Non-
timber 
products 

Golpata/Grass (Shon) 23451 78696 1292 

Fish Gura (small) fish 47153 104928 1979 

 Sada(white) large 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 

 Shrimp fry (bagda) 46505 179876 8365 

Aquatic 
resources 

Crab 86334 75398 3906 

Non-
aquatic 
resources 

Honey 14830 24583 201 

Total   1,080,146 44,853 

Source: Islam (2010) 

 

                                                           
7 Islam M. (2010) A Study Of The Principal Marketed Value Chains Derived From The Sundarbans Reserved Forest. IRG, USAID. 
8 Definition of the SIZ in Iqball (2010) is different from the definition that was adopted in this report. However, we accept a 
conservative approach, utilizing Iqball (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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Then applying Tk.79 per US$ 1 exchange rate, average provisional value of mangroves in Sundarbans 

is estimated at US$ 1,646 per hectare. 

2) Recreational values 

Domestic and international tourist flow in the SIZ is reported in Iqball et al (2010). 

Table  B3. Foreign and domestic tourists in the SRF 

 Foreign tourists Domestic tourists 

2004 1,457 46,887 

2005 1,298 69,078 

2006 1,582 92,632 

2007 2,083 94,745 

2008 1,861 78,689 

Source: Iqball et al (2010) 
 

Expenses of a foreign tourist are estimated at about US$3000 per trip, including US$2000 air ticket, 

US$500 trip to Sundarbans, and remaining US$500 for hotel in Dhaka and other expenses. Domestic 

tourist expenses are estimated at about US$50 per person/trip.  Total expenses are estimated at 0.6 

billion Tk. annually. The expenses reflect a low level of ecotourism development in the SRF. Ecotourism 

development is one of the ways to improve livelihoods of local population and accumulate 

conservation funds for the SRF. Recreation value per hectare of forest in Sundarbans is estimated at 

US$24 per hectare. 

3) Biodiversity values 

There are several meta-analysis 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.9 

The study presents meta-analysis of ecosystem services valuation studies from all over the world.  It 

gives a comprehensive summary 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 mangroves.  Median nursery service value per hectare of coastal area is estimated 

at International US$1,127 per hectare or  US$376 per hectare; and gene pool conservation values are 

estimated at International US$ 1,815 per hectare or US$605 per hectare in Bangladesh using PPP 

conversion of International UD$ into US$. 

4) Climate regulation or carbon pool value 

Carbon sequestration in Sundarbans is estimated in Government of Bangladesh (2011). Only above 

ground accumulation is taken into account on this report.  

                                                           
9 http://www.teebweb.org 
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Table B4. Carbon sequestered in different mangrove forest in Sundarbans 

 Sundri Gewa Goran 

 C t/ha 95%CI C t/ha 95%CI C t/ha 95%CI 

Trees above 
ground 

109 +/-15 56 +/-15 20 +/-4 

Source: Government of Bangladesh, 2011 

 

For the whole Sundarbans (Government of Bangladesh, 2011) estimates that average carbon pool for 

trees aboveground is at about 82 t/ha (+/-11t/ha).  Then applying price per tone of carbon as in (Tol, 

2011) for the Social Cost of Carbon (SCC) at 5.2US$/t CO2 with discount 5%, average cost of carbon 

accumulated in mangroves is estimated at US$1,563 per hectare. 

Although for deterministic calculations we apply the SCC from Tol 2011, as it was required to establish 

ŀ άŎƻƳƳƻƴ ŘŜƴƻƳƛƴŀǘƻǊέ ǿƛǘƘ ƻǘƘŜǊ ǎǘǳŘƛŜǎ ŦƻǊ .ŀƴƎƭŀŘŜǎƘΣ ŦƻǊ ǳƴŎŜǊǘŀƛƴǘȅ ŀƴŀƭȅǎƛǎ ǿŜ ŀǇǇƭy DICE 

2013 to compute the SCC. For calculating revenues from REDD+ we assumed heavily discounted 

market price @5/tCO2 in 2015, i.e. about the same as in 5% discount rate scenario.  

 Then total mangroves values are summarized in the table below 

Table B5. 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 of benefit cost analysis for different discount rates summarized in table 10. 

Table 10. Benefits and cost of mangroves protection in The Sundarbans (US$ million)10 

Discount 3% 5% 10% 

Cost 1,788 1,352 783 

Provisional benefits, biodiversity, ecotourism 
values 

3,655 2,321 907 

Protective services values 2,123 1,218 368 

Climate regulation (carbon pool) values 293 194 0-87 

Total benefits 6,071 3,733 1,362 

BCR 3.40 2.76 1.63-1.74 

                                                           
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 apply the USEPA recommended SCC at US$11/tCO2 calculated with 5% discount rate11, then the 

BCR increases from 2.76 to 2.92.  

We run Monte-Carlo simulation in order to account for uncertainty and calculate risk adjusted BCR. 

Selected assumptions for Monte-Carlo simulations summarized in Figure 15, A and B. Estimated 

distribution of benefits presented in figure 16. 

Figure 15. Cost of mangroves protection: planting cost US$ per ha (A) and sedimentation cost US$ 
million per km of coastline (B) 
 

 

 

 

A.     B. 

Figure 16. Benefits of mangroves US$/ha, including gene pool, nursery function, provisional 
benefits, baseline damage from cyclones (US$ per person), benefits from tourism (recreational 
benefits) 
 

 

 

 

 

 

{ƻǳǊŎŜΥ !ǳǘƘƻǊǎΩ ŀǎǎǳƳǇǘƛƻƴǎ 

 

For Monte-Carlo simulation we consider the base case with discount rate 5%. Results of Monte-Carlo 

simulations presented in figure 17, A, B and C.  

                                                           
11 See http://www3.epa.gov/climatechange/EPAactivities/economics/scc.html  

http://www3.epa.gov/climatechange/EPAactivities/economics/scc.html
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Figure 17. A. Distribution of BCR for mangroves protection benefits 

 
Source: Estimates by the authors. 

 

Figure 17. B. Distribution of BCR for mangroves protection including global carbon benefits, 
provisional value, biodiversity and tourism 

 

Source: Estimates by the authors. 
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Figure 17. C. Distribution of BCR for mangroves protection including potential monetizable carbon 
benefits from participation in REDD+ 

 

Source: Estimates by the authors. 
 

In all carbon monetization cases, the expected BCR is higher than 1.  

In case with all benefits included, the BCR is about 3. With an option value, the risk adjusted BCR is 

about 10% higher, i.e. it is about 3.3. In the worst case scenario the BCR may not be lower than 1.2. 

Therefore, mangroves protection could be recommended for implementation. It may take about 20 

years to implement the program of mangroves protection. New information on climate change, status 

of global carbon market, actual efficiency of mangroves to mitigate damage from storm surge, etc. 

would become available during this period. It allows a narrowing range for the BCR and deciding on 

acceleration of phasing out the project. Taking into account benefits of flexibilities, the risk adjusted 

BCR for mangroves protection with REDD+ benefits increases to 1.2. 

3.1.2. Multi-purpose cyclone shelters, cyclone-resistant private housing and further 
strengthening of the early warning & evacuation system 
Shelters and an early warning system prevent risk of human health losses, primarily.  All other losses 

may still occur. In 1991 about 190,000 lives were lost. Multipurpose cyclone shelters, which were built 

mainly after the cyclone of 1991, were found useful in flood and in small intense cyclones from 1991 

onward. At present, about 15% of the coastal population is under the coverage of cyclone shelters. 

About 1.5 million people took shelter during cyclone Sidr. During cyclone Sidr about 3.5 thousand lives 

were lost (Government of Bangladesh, 2009).  


















































