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• Why do we need economic analysis of linear infrastructure and safeguards? 

– Some key considerations

• What economic tools can we use?

– Valuation

– Cost-benefit analysis and Cost-effectiveness analysis

– Economic impact analysis and other tools

• Q&A Session

• Case studies of economic analysis of LI safeguards

– Transmission line in Indonesia

– Highway in Malaysia

• Regional and national road development planning in Latin America and Africa

• Q&A Session
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AGENDA



How do we include the environment in development decisions?

Some key considerations…
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ECONOMIC ANALYSIS OF LINEAR INFRASTRUCTURE
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https://www.gettyimages.com/detail/news-photo/bengal-tiger-panthera-tigris-female-crossing-track-news-photo/1140444140?adppopup=true
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• What is environmental valuation?

– Placing a value or price on 

environmental goods and services 

that are left out of market 

transactions
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ECONOMIC VALUATION 

OF ECOSYSTEM SERVICES



Placing a value or price on environmental goods and services that are left out of market 

transactions
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What is environmental valuation?



• Valuation is needed because price does not equal value for most environmental goods and 

services
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Why do we need it?

Price ≠ Value 

No price ≠ no value
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Missing information and markets

Shark Research Institute Lilibeth Serrano, FWS

Axel Fassio, CIRO
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Public /shared resources (common pool)

Image by Bjorn Image by USDA
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Externalities

Image by Erik de Castro Image by RT Magazine



Images by K9 Counselor
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Lack of property / tenure rights and restrictions

Image by Ethan Daniels Shutterstock, Images by Khao Sok Riverside Cottages 
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What are 

we “valuing”?

Source: Bullock, C. (2017). Nature’s Values: From Intrinsic to Instrumental. A review of values and valuation methodologies in the context of ecosystem services and natural capital.
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Images by K9 Counselor, Ethan Daniels Shutterstock,  & Khao Sok Riverside Cottages 



Forestry sector: 

• Official statistics: forests contribute 

<0.5% (US$ 160M) to the economy

• Almost all from commercial timber
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Myanmar

Emerton, L. and Yan Min Aung (2013) The Economic Value of Forest Ecosystem Services in Myanmar and Options 
for Sustainable Financing. IMG, Yangon and Ministry of Environmental Conservation and Forests, Nay Pyi Daw.



carbon 
sequestration 

12.2%

timber & 
wood 
8.0%

local NTFP 
use 6.9%coastal 

protection 
9.7%

watershed 
protection 

9.9%

fisheries 
nursery & 

breeding 15.5%

insect 
pollination 

37.4%

Other 0.4%

direct forest 
income 15%

value-added 
to production in 

other sectors  53%

costs, losses & 
damages 

avoided 32%

Real total value: 

US$ 7.3 billion

Emerton, L. and Yan Min Aung (2013) The Economic Value of Forest Ecosystem Services in Myanmar and Options 
for Sustainable Financing. IMG, Yangon and Ministry of Environmental Conservation and Forests, Nay Pyi Daw.



Direct Market Uses data from existing markets

Production Function
Values a change in productivity or production

Revealed Preferences Economic values are revealed through individual’s 

behaviour/choices

Stated Preferences Simulated/hypothetical markets elicit individual’s value for a 

change

Market proxies using complementary or 

substitute goods, activities and preferences
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How do we do it?

Image by Conservation Strategy Fund
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Why do a valuation study?

Litigation
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• More than half of global wild tiger population

• Provide a wide range of economic, social and 

cultural benefits via various ecosystem services 

– almost all non-market benefits

• Employment, carbon, water, soils, waste 

assimilation, pollination, storm protection, 

habitat/nurseries, recreation, agriculture, fishing, 

fuelwood, grazing, timber, research

• Benefits =  US$130 million - $270 million per 

year ($800-$3000 per ha/year)

• Benefits 200X - 500X management costs

• But often local costs > local benefits
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Economic valuation of tiger 

reserves in India
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• Stated willingness to pay for elephant 

conservation

• Benefits - elephant-based tourism and 

recreational activities, ecological role, 

cultural and religious values

• WTP based on ethical or existence values 

decreases once population is stable

• Use values increase with population size

• WTP a guide to demand for conservation 

action to preserve a species, but does not 

capture other values
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Elephant conservation in Sri 

Lanka

https://commons.wikimedia.org/wiki/File:Elephants-Sri-Lanka-pinnawala.jpg


• Framework to assess the merits of a 

project, policy or investment versus its 

cost

• A process of identifying, measuring, and 

comparing the benefits and costs of a 

project or program

• Determines if a project/investment is 

worthwhile

• It is a decision support tool
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COST-BENEFIT ANALYSIS



Is this project 
worthwhile?

Is it feasible for the 
private entrepreneur?

Is it beneficial to 
society at large?

What is the 
distribution of costs 
and benefits among 

different stakeholders?

What are the main 
constraints?
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What questions can CBA answer?



1. Define project and identify alternatives

2. Identify perspectives of analysis and estimate costs 

and benefits

3. Calculate indicators of project feasibility

4. Sensitivity and risk analysis, scenarios

5. Equity considerations

CBA Process



Define perspectives

1. Government (Fiscal)

2. Private (Financial)

3. Social/Environmental (Economic)



Project 
owners

Financial Analysis (“private perspective”)



Country

Economic analysis (“social perspective”)
Private net benefit + Externalities

Project 
owners

Group A

Group B

Group C



• Are there better alternatives?

• Is project technically feasible?

• Is project financially feasible?

• Is project economically feasible?

– Can external or intangible 

costs/benefits be quantified?

• Is project equitable?

– What is the distribution of costs 

and benefits?

• Environmental benefits and costs are 

difficult to measure

• Forecasting might be inaccurate

• Future values preclude sustainability

– Discounting

CBA strategy CBA limitations



Is it socially 

efficient?

Yes
Define additional criteria for 

prioritizing projects (equity etc.), 

if necessary.

No

If providing basic needs (health, 

education, security, basic access), 

are there more cost-effective 

alternatives?

If it is not efficient nor provides 

basic needs – implementation 

probably  unjustified.

Decision tree for CBA



CEA = cost per unit of outcome
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Cost-effectiveness analysis



• Flow of gross benefits of an economic investment/project through an economy

• Job creation, labor income, and tax benefits

• Multiplier impacts, leakage

• Does not consider costs or feasibility – i.e. important to ask if benefits (e.g. jobs) could be gained at lower cost

• It is not the same as impact evaluation – i.e. whether a policy or intervention achieved its intended effect
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• Multi-criteria analysis

• Least-cost path analysis

33

C
o
n
se

rv
at

io
n
 S

tr
at

e
gy

 F
u
n
d

Other analysis tools



• Barber, C., Cochrane, M., Souza, C., & Laurance, W. (2014). Roads, deforestation, and the mitigating effect of protected areas in 

the Amazon. Biological Conservation, 177, 203-209.

• Engert, J., Ishida, F., & Laurance, W. (2021). Rerouting a major Indonesian mining road to spare nature and reduce development 

costs. Conservation Science and Practice, 2021;e521.

• Mahmoud, M.I., Sloan, S., Campbell, M., Alamgir, M., Imong, I., Odigha, O., Chapman, H., Dunn, A., & Laurance, W. (2017). Alternative 

Routes for a Proposed Nigerian Superhighway to Limit Damage to Rare Ecosystems and Wildlife. Tropical Conservation Science, 

10.

• Bullock, C. (2017). Nature’s Values: From Intrinsic to Instrumental. A review of values and valuation methodologies in the context 

of ecosystem services and natural capital.

• Emerton, L. and Yan Min Aung (2013). The Economic Value of Forest Ecosystem Services in Myanmar and Options for Sustainable 

Financing. IMG, Yangon and Ministry of Environmental Conservation and Forests, Nay Pyi Daw.

• Smith, M., de Groot, D., and Bergkamp, G. (2006). Pay – Establishing Payments for Watershed Services. Gland, Switzerland: IUCN.

• Verma, M., Negandhi, D., Khanna, C., Edgaonkar, A., David, A., Kadekodi, G., Costanza, R., Gopal, R., Bonal, B., Yadav, S.P., & Kumar, S. 

(2017). Making the hidden visible: Economic valuation of tiger reserves in India. Ecosystem services, 26, 236-244.

• Bandara, R., & Tisdell, C. (2005). Changing abundance of elephants and willingness to pay for their conservation. Journal of 

environmental management, 76 1, 47-59.

34

References



35

Thank you

Kim Bonine

Conservation Strategy Fund

kim@conservation-strategy.org
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Questions?



COST-BENEFIT ANALYSIS CASE STUDIES
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Economics Module 2 Presentation 2

CASE STUDIES

Transmission Line (Indonesia)

Java-Bali 500 Kilovolt Project

Road (Malaysia)

FR 4 East-West Highway



39

• Transmission line (Indonesia)

– Java-Bali 500 Kilovolt Project 

CASE STUDY
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TRANSMISSION LINE: Java-Bali 500 Kilovolt Project (INDONESIA)

• Proponents

– National government and ADB

• Project description
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TRANSMISSION LINE: Java-Bali 500 Kilovolt Project (INDONESIA)

• TL crosses to national parks

– Baluran National Park

– Bali Barat National Park

• ADB (lending institution) requires safeguards
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TRANSMISSION LINE: Java-Bali 500 Kilovolt Project (INDONESIA)

• Cost-benefit analysis of the Java-Bali 500 kV Project

Value (US$ million, over 10 years)

Step 1 - Financial analysis

Costs (including mitigation measures) 2,282

Benefits 2,470

Net Present Value 188

Step 2 – Other externalities

Costs 26

Step 3 - Environmental mitigation measures

Benefits 3.9

Step 4 - Adjusted Net Present Value

Adjusted Net Present Value 166
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TRANSMISSION LINE: Java-Bali 500 Kilovolt Project (INDONESIA)

• Lessons learned

– Safeguard costs were included in the project, but

– Not the benefits

• Protect the environment and wildlife

• Add to the project’s overall net value
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• Road (Malaysia)

– FR 4 East-West Highway

CASE STUDY
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ROAD: FR 4 East-West Highway (MALAYSIA)

• Proponent

– National government

• Project description
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ROAD: FR 4 East-West Highway (MALAYSIA)

Source: Clements, G.R., Aziz, S.A., Bulan, R. et al. Not Everyone Wants Roads: Assessing Indigenous People’s Support for Roads in a Globally Important Tiger 

Conservation Landscape. Hum Ecol 46, 909–915 (2018). https://doi.org/10.1007/s10745-018-0029-4 



50

ROAD: FR 4 East-West Highway (MALAYSIA)

• Obstruction to wildlife movement

– Between the Temenggor Forest Reserve and the Royal Belum State Park
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ROAD: FR 4 East-West Highway (MALAYSIA)

• Environmental safeguards to mitigate the negative impacts

– Acquisition of lands surrounding both parks to expand connectivity between them 

and reduce the number of people living close to these parks to reduce human-

wildlife conflicts.

– Establishment of wildlife crossings and wildlife warning signs and speed limits in the 

forested corridors used by wildlife.

– Establishment of guidelines for adopting sustainable agriculture management in the 

areas close to both parks. 
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ROAD: FR 4 East-West Highway (MALAYSIA)

• Safeguards cost: RM 465,127,865 (USD 131,280,797) in 2009

– About 71% was the estimated cost related to land acquisition (25,227 hectares)
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ROAD: FR 4 East-West Highway (MALAYSIA)

• Safeguards benefits:

– Land acquisition: Market Price.

• Assuming a market price of USD 30 per ton of carbon, the area (once reforested) 

could generate a revenue stream of RM 308 (or USD 87) million annually. 

• If this were the case, the payback for the proposed measures would be two years. 
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ROAD: FR 4 East-West Highway (MALAYSIA)

• Safeguards benefits:

– Environmental safeguards: Avoided Cost method. 

• Hypothetical scenario: safeguards were not implemented

– What would be the costs? 

» Focus on human-elephant conflicts



57

ROAD: FR 4 East-West Highway (MALAYSIA)

• The benefit is RM 450,000 per year. 

– Which is the same as saying that the cost of not having environmental safeguards 

equals RM 450,000 per year (or about USD 127,000 per year)



58

ROAD: FR 4 East-West Highway (MALAYSIA)
Safeguards Costs and Benefits: Extrapolation from the case study

Years

USD 131,280,797

$ 127,000 $127,000 $ 127,000 $ 87,127,000 $ 87,127,000

1 2 3 4 5 6

$ 87,127,000
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ROAD: FR 4 East-West Highway (MALAYSIA)
Safeguards Costs and Benefits: Extrapolation from the case study

Assumption: discount rate = 12% per year

Cost = USD

131,280,797

Benefit = USD 

149,280,797

NPV = $18 million (>0)
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ROAD: FR 4 East-West Highway (MALAYSIA)

• Lessons learned

– Safeguards benefits > safeguards costs, however

• The road was built initially without a safeguard plan

• The safeguards were only partially implemented by the government

– Upfront financial costs of safeguards too high (despite the positive net benefits)
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LESSONS LEARNED FROM THE CASE STUDIES

• The financial feasibility should be an economic feasibility. It should include:

– Safeguards benefits and costs

– (If possible) other positive and negative externalities

• Important to consider alternatives and avoid environmental impacts:

– Investing in avoidance might be cheaper than investing in safeguards
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A Better Amazon Road Network for People and the 

Environment (2019)
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A Better Amazon Road Network for People and the Environment

• Analytical framework
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A Better Amazon Road Network for People and the Environment

• Set of road investments:

– 75 projects

– 12,263 km

– US$ 27 billion

• Multicriteria approach:

– Environmental

– Social

– Economic
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A Better Amazon Road Network for People and the Environment
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A Better Amazon Road Network for People and the Environment
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A Better Amazon Road Network for People and the Environment

77% at 10%
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A Better Amazon Road Network for People and the Environment

• Recommendations

1. Don’t build roads that don’t make economic sense, i.e., NPV < 0.

2. For projects with NPV > 0, use this tool to consider the social and environmental costs 

too.

3. Be fully aware of the tradeoffs BEFORE making investment decisions.
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CONCLUSIONS

• Ideal:  AVOID

– If avoidance not possible, mitigate impacts

• Important to consider costs and benefits of mitigation measures/safeguards 
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