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Economics of Climate Proofi ng at the Project Level
Two Pacifi c Case Studies

Pacifi c Climate Change Program

Background and Rationale
Th e Pacifi c developing member countries (DMCs) of the Asian 
Development Bank (ADB) are a diverse array of countries 
with widely varying topographies, cultures, and economies, 
but generally characterized by their small physical size and 
geographical remoteness, fragile biodiversity, and a limited 
natural resource base. Most, if not all, Pacifi c island countries are 
also confronted with extraordinary circumstances with respect 
to climate change. Th e prosperity, stability, and security of 
Pacifi c countries can be compromised by the impacts of climate 
change on infrastructure, facilities, and livelihoods; resources 
for food production; and risks to settlements and human 
health, thereby creating signifi cant development challenges 
for the region. Hence, integration of climate change measures 
into national development plans has become essential. In this 
regard, assessment of climate change impacts and economic 
analysis of climate change response are crucial in rationalizing 
investments in adaptation and mitigation measures.

As a major development partner of the Pacifi c island 
countries, ADB is committed to providing technical and 

fi nancial support for measures that will ensure continued 
economic growth in the face of climate change. ADB has set 
a target of 40% of investment resources by 2020 to support 
its commitment to climate change adaptation and mitigation 
in its DMCs. In the Pacifi c, however, adaptation, rather than 
mitigation, is the more relevant element in addressing climate 
change impacts. Climate change adaptation is, in large part, an 
ongoing and fl exible adjustment to natural or human systems 
that reduces a society’s vulnerability to, or risks from, climate 
variability, and increases resilience.

Adaptation and Climate Proofi ng
Adaptation options are measures that (i) reduce exposure (e.g., 
climate proofi ng of infrastructure, land-use zoning, sector-level 
best practices such as selection of climate-resilient crops); and 
(ii) increase adaptive capacity (e.g., strengthening disaster risk 
management capabilities and implementing early-warning 
systems).

Increasing adaptive capacity through climate proofi ng 
means increasing resilience to, and reducing risks posed by, 
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climate change—for example, through improving the ability 
of coastal infrastructure to withstand fl oods and cyclones or 
relocating physical facilities to higher elevations. To climate 
proof a development project means to (i) identify risks to 
the project (or any other specifi ed natural or human asset) 
resulting from climate variability and extremes; and (ii) ensure 
that those risks are reduced to acceptable levels through long-
lasting, environmentally sound, economically viable, and 
socially acceptable changes implemented at one or more stages 
of the project.1

Climate proofi ng projects at the design stage could increase 
their costs by about 10%–20%.2 However, the additional cost 
will normally be much less than would be incurred by repairing 
infrastructure or other assets over their lifetimes if they were 
not climate proofed. It is therefore good practice to ensure that 
climate-related risks, including disaster risks, are considered at 
the design stage of all future projects.3

Th is study supports ADB’s commitment to develop 
methodology and guidelines for climate adaptation and 
climate proofi ng of proposed projects in its DMCs. It aims to 
develop basic economic models of benefi t and cost analysis for 
climate proofi ng investment projects. Th e study considers the 
scenario that an extreme climate event will have intense and 
signifi cant impacts on a project within its lifetime and beyond, 
and the additional investment in climate proofi ng required to 
partially, if not fully, secure the project’s benefi t stream. Th e 
main purpose of the analysis is to determine whether or not to 
invest in climate proofi ng, when to invest in climate proofi ng, 
and how much to invest in climate proofi ng.

Framework and Methodology 
for Project Economic Analysis
Th e benefi ts of climate proofi ng against the impacts of 
climate events (e.g., sea-level rise, fl ooding, coastal erosion) is 
determined by the estimated loss of project benefi ts that would 
be incurred if no investments were made in climate proofi ng. 
Th e study begins with a situation analysis to determine relevant 
climate events, climate damages, and climate impacts on 
development projects. Th is is followed by examining climate- 
proofi ng options and their benefi ts and costs on the basis of 
historical and projected data. Th e climate-proofi ng options are 
then analyzed using project evaluation criteria, such as the net 
present value (NPV), the internal rate of return (IRR), and 
the benefi t–cost ratio (BCR). Analyses are done for scenarios 
(i) without a climate event; (ii) with a climate event, without 
climate-proofi ng investment; and (iii) with a climate event, 
with climate-proofi ng investment. Calculation of the project’s 
NPV, IRR, and BCR for scenario (ii) considers the truncated 
project life, the lower benefi t profi le, and the unchanged or 
higher operation and maintenance (O&M) costs. Calculations 
for scenario (iii) consider the higher initial investment cost, the 
unchanged or higher benefi t profi le, and the lower O&M costs. 
Sensitivity analyses with respect to key variables and parameters 

1 ADB. 2005. Climate Proofi ng: A Risk-based Approach to Adaptation. Pacifi c 
Studies Series. Manila.

2 World Bank. 2009. Th e Costs to Developing Countries of Adapting to Climate 
Change, New Methods and Estimates: Th e Global Report on the Economics of 
Adaptation to Climate Change Study. Consultation Draft. Washington, D.C.

3 ADB. 2009. Mainstreaming Climate Change in ADB Operations: Climate 
Change Implementation Plan for the Pacifi c (2009–2015). Pacifi c Studies 
Series. Manila.

aff ecting the discount rate, and project benefi ts and costs are also 
carried out. A matrix of multiple criteria determining the level and 
timing of investments is then prepared to assist the fi nal decision 
regarding investments in climate proofi ng. Th e study’s framework 
of analysis is summarized in the fi gure on the next page.

A computer-based, user-friendly general economic model 
(GEM) was used in the study to evaluate the economic viability 
of investments in climate proofi ng development projects based 
on the project’s NPV, IRR, and BCR  in the context of the low, 
median, and high greenhouse gas (GHG) emission scenarios 
of the Intergovernmental Panel on Climate Change (IPCC).

Application: Two Case Studies in the Pacifi c4 
Two road development projects were selected as case studies for 
application of the framework: (i) the Second Solomon Islands 
Road Improvement Project (SIRIP II) in Guadalcanal, Makira, 
and Malaita provinces; and (ii) the Road Network Sector 
Development Program (RNSDP) in Timor-Leste, covering 
the Dili–Mota Ain road (a coastal road with mountainous 
stretches) and the Ermera–Maliana road (a forest road). 
Among the climate events that may occur in the project areas, 
fl ooding, heavy rains, and coastal erosion have the highest 
likelihood of being more intense in the future, thus causing 
direct damage to land and coastal infrastructure. Supposing 
that these conditions occur, the expected benefi ts from road 
improvement projects will be lower due to infrastructure 
damage caused by the climate events referred to above. Th e 
estimated economic viability indicators by project area and 
project case, as calculated under IPCC GHG emission scenario 
A2 are presented in the table on page 4.

Case 1: Status quo. Under status quo conditions, SIRIP II 
and Timor-Leste RNSDP (with their economic lives extended to 
50 years) are viable as shown by their NPVs, IRRs and BCRs. Th e 
NPV values range from about $13.38 million (for Guadalcanal) 
to $96.79 million (for Dili–Mota Ain). Th e IRR values range 
from 16% (for Maliana) to 25% (for Dili–Mota Ain). For the 
BCR values, Maliana’s 2.16 is the lowest estimate, yet is still 
acceptable. On the other hand, the road projects in Makira, and 
Malaita all showed the highest BCR estimate of 2.94.

Case 2: With climate change, no adaptation. In this case, 
the base-case benefi t is reduced by the estimated expected 
percent benefi t loss, which was assumed to be constant year 
after year. To account for possible future variation, the value 
of expected percent benefi t loss used in the study is actually 
a weighted average of percent benefi t loss across diff erent 
levels of climate event intensity, weighted by the probability of 
occurrence at a particular intensity of the climate event.5

Th e higher cost assumed under this case does not restore 
the Case-1 expected benefi t stream because higher O&M and 
periodic maintenance costs are incurred due to the damage 
caused by climate change; with no adaptation measure in 
place, a wider extent and a higher degree of physical damage to 
projects can be expected.

4 Th is section presents only the results of project analysis against the IPCC A2 
high GHG emission scenario (the worst-case scenario); the other analyses are 
presented and discussed in more detail in the study’s fi nal report (publication 
under way).

5 Although annual estimates of the expected percent benefi t loss were not used, 
the possible annual variability in expected percent benefi t loss can still be 
captured by the weighted average.



In this scenario, all the case projects, 
except that in Malaita, posted negative 
NPVs and became economically 
infeasible. Compared to Case 1, the 
IRRs were signifi cantly reduced, and the 
BCRs fell to less than one.

A positive outlook into the future 
that includes rapid economic growth 
and technological progress that results in 
more effi  cient climate change adaptation 
may serve as an incentive for present 
investment.

Case 3: With climate change, with 
adaptation. Climate change adaptation 
through climate proofi ng of key road 
infrastructure may reduce benefi t loss
and improve economic effi  ciency. 
Analysis shows that climate proofi ng 
decreases the vulnerability of road 
infrastructure to the damaging eff ects 
of extreme climate events. For example, 
instead of the project incurring a net loss 
of $2.40 million (in present value terms), 
climate proofi ng the Guadalcanal road 
project minimizes losses and generates 
an NPV of about $3.78 million, with 
an IRR of about 9%, and a BCR of 
1.43. Across projects, about 34% of the 
expected net benefi ts may be recovered 
by climate proofi ng under the GHG 
emission scenario A2 (worst-case) 
scenario.

In all cases, the IRR is well above 
the social discount rate and within an 
acceptable range, although not quite 
the 12% traditionally sought in ADB-
fi nanced projects.

Case 4: Marginal eff ects of climate 
proofi ng. Analysis of the marginal 
eff ects of climate proofi ng under the 
study showed positive NPVs, and 
impressive IRRs and BCRs. Th e IRRs 
were consistently above the traditional 
ADB standard of 12%. Th ese indicators 
underscore the investment worthiness 
of climate proofi ng road infrastructure 
in Solomon Islands and Timor-Leste. 
(Th e full report shows that, regardless 
of emission scenario, climate proofi ng 
is economically viable in all the project 
areas included under the study.)

Sensitivity analysis. Standard 
sensitivity analysis was carried out to 
determine the robustness of the results 
obtained. As expected, the viability 
indicators were lower for all higher-cost, 
lower-benefi t, and higher-discount-rate 
scenarios, but still well above the social 
discount rate. Th ese results confi rm that 
investments in climate proofi ng of road 

Framework for Project Analysis 
under Climate Change

Greenhouse Gas (GHGs) Emissions 

Climate Change (CC) 
 

Inadvertent changes in global 
atmospheric conditions resulting 

from fossil fuel use and other 
human activities 

Climate Events (CE) 
 

e.g., sea-level rise, extreme rainfall 
events, waves, and storm surges 

causing flooding and erosion 
 

Risk-based analysis of occurrence 
and intensity of climate event 

Climate Damage (CD) 
 

e.g., direct damage to road-related 
structures (road surface, bridges, 

culverts, drainage, etc.) and 
institutions (planning, operation and 
maintenance, disaster management) 

 
Risk-based analysis of climate 

damage based on damage functions 
and stage-damage curves 

Climate Impact (CI) 
 

e.g., estimation of gross welfare loss 
expressed as expected percent 

(economic and social) benefit loss 
due to CC/CE/CD resulting from 

reduced vehicle operations, 
increased crash risk and cost; lower 
trade, transport, land use and value, 
income, employment market, and 

macro impact; higher personal  
and social dislocation;  
weakened institutions 

Climate Proofing (CP) 
 

e.g., determining the nature of 
investments in structures (road design, 
bridges, culverts, drainage works, and 

other protective structures) and 
institutions (operation and 
management, and disaster 

management) to correct prevailing 
inadequacies in existing and new 

structures, to deal with the  
impacts of damages from climate 

change-related risk events 

Benefits and Costs (B&C) 
 

Evaluation of benefit and cost streams 
and estimation of discount rate 

 
Risk-weighted benefit stream under 

alternative scenarios 
 

Estimation of cost (capital and 
operation and maintenance) of climate 

proofing under alternative scenarios 
 

Estimation of social discount rate 
 

Possibly a lower discount rate for CP as 
compared with financial investments 
taking account of pure rate of time 

preference, intergenerational equity and 
marginal productivity of capital 

(suggested 0%–5%) 

Project Evaluation (PE) 
 

Calculation of net present value (NPV), 
internal rate of return (IRR), and 

benefit–cost ratio (BCR) of net benefit 
from investments in climate proofing 

Decision-Making Matrix (DMM) 
 

Use of multiple criteria to determine 
whether or not to invest, how much  

to invest, and when to invest in  
climate proofing 

Semitrailer truck crossing road under 

construction, west of Dili, Timor-Leste
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projects in Solomon Islands and Timor-Leste are justifi ed (even 
if they do not meet ADB’s traditional 12% criterion).

In the Pacifi c, socioeconomic development must be 
conceptualized within a holistic framework with clearly 
defi ned national objectives, while at the same time keeping 
in view the island countries’ fragility, vulnerability, small 
island economy, small population, and limited characteristics. 
To make investment decisions on climate proofi ng, specifi c 
development initiatives, such as road projects, have to be 
evaluated with traditional project evaluation criteria applied 
in a fl exible manner, and the scope of analysis expanded by 
including disaster management.

Decision Regarding Investment in 
Climate  Proofi ng at the Project Level
Viability indicators are only one element in the decision-
making matrix regarding investments in climate proofi ng. 
Other elements are time preference (the premium placed on 
present well-being over future well-being); the life cycle of the 
population (young or old); the manner of decision making 
(democratic or otherwise); the country’s morality (level of 
concern for the well-being of future generations that derives 
from a perception of intergenerational justice); the IPCC 
carbon dioxide emission scenario relevant to the country; the 
probability of occurrence of intense climate-related events; the 
anticipated impact intensity of a climate-related event at both 
the country and project levels (including structural, economic, 
and social impacts); the discount rate employed (both nominal 
and social); the project’s NPV with or without a climate-related 
event; the project’s IRR with or without a climate-related 

event; the long-term rate of return on capital; the marginal 
cost of reducing future risks; the country-level climate-proofed 
development plan or budget; and the country’s prospects for 
long-term concessional or grant funding. 

Lastly, investing in climate proofi ng at project onset would 
be indicated by a combination of a high rate of time preference, 
a young population, democratic decision making, a high degree 
of morality, and high probability of an intense climate-related 
event. On the other hand, the same combination of elements, 
together with a moderate probability of an intense climate-related 
event, would indicate the need for programmed investment in 
the future. Th is decision-making process is partly quantitative 
and partly qualitative as it is applied on the basis of situational 
analysis. In the case of the Solomon Islands and Timor-Leste 
projects analyzed under the study, the decision-making matrix 
suggests that action, both at project onset as well as later, 
is indicated. Th is means that climate-proofi ng investments 
should be planned on a longer-term basis and spread over time 
accordingly. All the burden of climate-proofi ng investments 
need not be put on a project all at the same time.

Estimated Economic Viability Indicators by Project Area and Project Case, under IPCC GHG Emission Scenario A2

BCR = benefit–cost ratio, IRR = internal rate of return, km = kilometer, NPV = net present value, ( ) = negative value.
Source: ADB.
Notes: Intergovernmental Panel on Climate Change (IPCC) Greenhouse Gas (GHG) emission scenario A2: Continuous population increase (2100 world 
population at 15 billion); slow economic growth; slow technological progress.
Case 1: Based on project appraisal, with analysis extended to 50 years; status quo.
Case 2: With climate change, without climate proofing. Appraised project benefits reduced by percent benefit loss due to climate change. Appraised 
project costs increased by higher operation and maintenance (O&M) costs due to climate change.
Case 3: With climate change, with climate proofing. Appraised project benefits reduced by the portion of percent benefit loss due to climate change that 
is not recovered by climate proofing. Appraised project costs increased by higher required capital and O&M costs due to climate proofing.
Case 4: Marginal case (project return to climate proofing only). Appraised incremental benefit of climate proofing reduced by the portion of percent benefit 
loss due to climate change not recovered. Appraised increase in capital and O&M costs due to climate proofing.
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Project Area 
Economic 
Viability 
Indicator 

Project Case 

Case 1 Case 2 Case 3 Case 4 

Solomon Islands Second Road Improvement Project (SIRIP II) 

Northwest Guadalcanal Road 
Project (29 km) 

NPV ($ '000) 13,378.4 (2,397.2) 3,781.5 6,133.9 
IRR (%) 20 1 9 Very high 
BCR 2.73 0.67 1.43 4.96 

Makira Island Coastal Road 
Project (72.5 km) 

NPV ($ '000) 34,556.6 (5,000.7) 13,397.3 14,750.8 
IRR (%) 22 2 10 36 
BCR 2.94 0.75 1.71 7.76 

North Malaita Road Project  
(31.5 km) 

NPV ($ '000) 14,452.3 124.3 5,439.1 4,724.9 
IRR (%) 22 5 10 32 
BCR 2.94 1.02 1.72 9.66 

Timor-Leste Road Network Sector Development Project (RNSDP) 

Ermera–Maliana Road Project  
(61.2 km) 

NPV ($ '000) 58,662.9 (7,548.5) 17,862.8 63,761.9 
IRR (%) 16 Very low 8 141 
BCR 2.16 0 1.34 9.82 

Dili–Mota Ain Road Project 
(78.8 km) 

NPV ($ '000) 96,794.5 (1,290.1) 36,172.0 29,770.1 
IRR (%) 25 5 11 25 
BCR 2.68 0.98 1.58 5.36 
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