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This slide deck is part of a training course about nature-

based infrastructure (NBI). 

In this third block of Module 2 we address the following 

questions:

About this slide deck

How was the Sustainable Asset Valuation 

(SAVi) methodology used for peatland 

restoration in Indonesia?

What are the system-wide outcomes of the 

different peatland management interventions?

How can stakeholders use the results?
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Section 1
Project background 
and overview of the 
SAVi assessment

The following slides explain the project context and 

current problems related to peatland in Indonesia. In 

addition, the slides summarize the SAVi methodology 

used for this assessment.



Peatland Background

The Problem

• Peatlands are drained to accommodate agriculture and mining 

activities

• Effect of draining peatlands include

• Decomposition, which releases carbon dioxide

• Subsidence

• Increased fire susceptibility

• Decreased water retention

• Rewetting and revegetating peatlands can prevent further damage, 

but peat cannot be regained once it is lost



Peatland Background

Katingan Peatland Forest, Central Kalimantan

• The Katingan Peatland Forest is a biodiversity hotspot threatened by 

land conversion for mining and agriculture

• Financed by carbon credits, the Katingan Mentaya project aims to 

conserve the peat dome and mitigate greenhouse gas emissions by 

preventing forest loss for plantations

• The project will employ local community members in conservation 

activities, including fire monitoring and response 



SAVi Assessment Goals

Compare the financial performance of land restoration 

strategies under several climate scenarios

Identify system wide outcomes of peatland restoration 

strategies

Quantify the ecosystem services and economic 

impacts of peatland restoration in Indonesia



Characteristics

Based on systems thinking, system dynamics simulation, and project 
finance modelling.

Customized to each individual infrastructure project or policy.

Co-created through a multi-stakeholder approach that enables the 
identification of material risks and opportunities that are unique to the 
project.

Incorporate best-in-class climate data from the EU Copernicus Climate 
Data Store.

Sustainable Asset Valuation (SAVi)



Elements of the SAVi methodology in this example

• The assessment is customized for the local context

• The Causal Loop Diagram functions as a key tool for systems thinking and system dynamics 

modelling

• We integrated world-class climate data from the Copernicus Climate Data Store

• The integrated cost benefit analysis incoporates the costs of risks and environmental, social 

and economic externalities.

• The financial analysis shows how the costs of material risks and externalities affect the project’s 

financial performance indicators



Section 2
SAVi Assessment for 
Peatland Restoration

The following slides present the Causal Loop Diagram 

for the peatland restoration, the scenarios and 

assumptions used in the valuation, as well as results 

from the integrated cost benefit analysis.



Causal Loop Diagram 
Peatland

We have developed a system dynamics model that simulates dynamics of the Katingan 

Peatland Forest in Central Kalimantan province. We consider the biophysical dynamics 

as well as human behavior within the ecosystem. 

The first step in the process was to create a causal loop diagram (CLD). A CLD is an 

analytical tool that captures the dynamics of a system.

The dynamics in the CLD 

explain the patterns of 

peatland degradation and 

restoration.



Peatland Dynamics

Understanding the Causal Loop Diagram (CLD)

• You will learn more about system dynamics and Causal Loop Diagrams in Module 3.

• What do you see in the CLD?

o Orange variables are possible policy interventions, such as blocking drainage canals.

o Pink variables are climate inputs, such as precipitation and wind.

o Arrows show causality, with plus and minus signs identifying positive and negative correlations.

o The CLD displays important peatland dynamics. There are multiple self-reinforcing feedback loops 

(R1 to R6). 

– For example, fires burn the forest, which reduces vegetation and water retention. This means less 

groundwater recharge, which lowers the water table in the peat and thus worsens the fires (this 

dynamic is marked as R4 in the CLD)
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Peatland Dynamics

Understanding the Causal Loop Diagram (CLD)

• Peat consists of partially decayed organic matter and is characterized by a high water table close to the 

surface. In Indonesia, large areas of peatland forests have been converted to agriculture, plantations and 

mines. 

• Typically, canals are built to lower the water table. This makes the land more suitable for crops and easier to 

access, but the peat, no longer saturated with water, decomposes, releasing carbon to the atmosphere. 

o This oxidation, as well as compaction of the drying peat and compression of peat below the water table, 

leads to land subsidence, which restricts groundwater recharge.

• Drained peat is also susceptible to fires that are used to clear vegetation. These fires smolder underground, 

are hard to control and emit large amounts of carbon. As the peat burns, the land subsides further. 

o Impacts from fires include damages to infrastructure, transportation, tourism, agriculture, health, 

education, industry, trade and the environment.



Peatland Dynamics

Understanding the Causal Loop Diagram (CLD)

• Peatlands retain large amounts of water. As the water table drops and vegetation is lost, the capacity of the 

land to hold water declines. 

o This increases flooding, with negative economic, agricultural and health impacts.

• Peat takes thousands of years to form and cannot be restored once it is lost. However, rewetting and 

revegetating peatlands can prevent worsening damage. 

o Blocking canals allows the water table to rise. This prevents further subsidence and emissions from 

decomposition and mitigates fires and flooding.

• Alternatively, monitoring and responding quickly to and suppressing fires can slow the spread of fires. 

However, this does not raise the water table. Thus, the peat continues to decompose, releasing carbon and 

lowering the land surface.



Scenarios and Assumptions of the Assessment
Peatland

Different scenarios were developed to analyze the systemic impacts of peatland 

restoration interventions. 

The scenarios include business as usual, peatland restoration through reforestation and 

blocking of drainage canals, fire control and land use monitoring, and various climate 

scenarios

The scenarios and assumptions 

are customized to this project.



Peatland Model Assumptions

Primary peatland forest is deforested to meet demand for large-scale oil palm plantations and small-

scale gold mines. Secondary forest can be established for restoration. 

Canals are built on converted land, which lowers the water table. This causes land subsidence and 

peat decomposition. Precipitation can raise the water table.

Fires burn vegetation and peat. This further degrades the land and negatively affects health, 

education, and economic activity. Rainfall mitigates fires.



Peatland Model Assumptions

Carbon emissions come from land conversion, fires, and peat decomposition.

Land subsidence and deforestation increase runoff, which causes flood damage. Flood damages are 

larger when there are more assets at risk.

Forested areas provide income from non-timber forest products (NTFPs). Plantations, mining, and 

activities to restore and protect the forest create jobs. Oil palm exports generate government revenue.



Scenarios Modelled with SAVi
Different scenarios were developed to analyze the systemic impacts of peatland restoration 
interventions

• Business as usual

o Land conversion for palm plantations and gold 

mines continues throughout the simulation and 

targets primary forest. No restoration or protection 

activities are attempted.

• Blocking drainage canals and restoring peatland

o All canals on unused degraded land are blocked, 

and trees are planted. This transforms the degraded 

land into secondary forest and allows the water 

table to rise with precipitation.

• Monitoring of land

o Land monitoring prevents deforestation for new 

plantations and mines.

• Suppressing fires

o Fire suppression reduces the area burned by 

25% compared to business as usual.

• Limited desired land conversion 

o Desired land for oil palm plantations reaches a 

peak and stabilizes in 2030, while desired land 

for gold mining reaches a peak and stabilizes in 

2040.

• No preference land conversion

o Primary and secondary forest and unused 

degraded land are targeted equally for 

conversion to plantations and mines.



Climate Scenarios

Precipitation and evaporation projections for Central Kalimantan

• We use data from the Copernicus Climate Change Service Data Store for three precipitation and 

evaporation scenarios.

• These scenarios come from representative concentration pathways (RCPs), which correspond to 

hypothetical greenhouse gas emissions pathways:

o RCP 4.5: a low climate change scenario, which assumes emissions peak in 2040 and then decline.

o RCP 6.0: a medium climate change scenario, which assumes emissions peak around 2080 and then 

decline.

o RCP 8.5: a high climate change scenario, which assumes emissions continue to increase until 2100.

• Module 4 includes more information about climate scenarios.



Central 
Kalimantan 
Precipitation

0

200

400

600

800

1000

1200

M
o

n
th

ly
 P

re
c

ip
it

a
ti

o
n

 (
m

m
)

0

200

400

600

800

1000

1200

M
o

n
th

ly
 P

re
c

ip
it

a
ti

o
n

 (
m

m
)

0

200

400

600

800

1000

1200

2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085 2090 2095 2100

M
o

n
th

ly
 P

re
c

ip
it

a
ti

o
n

 (
m

m
)

Year

RCP 4.5

RCP 6.0

RCP 8.5

Impacts of precipitation:

• Potential for more 
flooding

• Enhanced groundwater 
recharge

• Decreased probability 
and severity of fires



80

90

100

110

120

130

140

150

M
o

n
th

ly
 E

va
p

o
ra

ti
o

n
 (

m
m

)

80

90

100

110

120

130

140

150

M
o

n
th

ly
 E

va
p

o
ra

ti
o

n
 (

m
m

)

80

90

100

110

120

130

140

150

2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085 2090 2095 2100

M
o

n
th

ly
 E

va
p

o
ra

ti
o

n
 (

m
m

)

Year

Central 
Kalimantan 
Evaporation

RCP 4.5

RCP 6.0

RCP 8.5

Impacts of evaporation:

• Decreased groundwater 
recharge



Integrated Cost Benefit Analysis
Peatland

Starting from the Causal Loop Diagram, the dynamics of the system were modelled for 

the scenarios. 

The integrated cost benefit analysis is a central feature of SAVi. It considers various 

added benefits, avoided costs and directs costs of the project that would be overlooked in 

a conventional project valuation.



Peatland Model Output: The Impact of Land Monitoring

Scenarios that include 
monitoring the land prevent 
continued loss of primary 
forest.

Scenarios with land use 
monitoring avoid 
deforestation

Scenarios without land 
use monitoring show a 
loss of peatland forest



Peatland Model Output: Water Table Depth

Avoiding deforestation 
by monitoring the land 
is necessary to prevent 
the water table from 
declining. Blocking 
existing canals helps 
raise the water table.

A declining water 
table leads to peatland 
degradation, 
increased greenhouse 
gas emissions, and 
rising fire risks.

The water table remains stable when drainage canals are 
blocked, land use is monitored and fires are avoided



Peatland Model Output: Carbon Emissions From 
Decomposing Peatland

Emissions from peat 
decomposition 
continue to increase 
unless the water table 
is stabilized by 
blocking canals 
and/or preventing 
land conversion.



Peatland Model Output: Carbon Emissions

Suppressing fires avoids 
some carbon emission  but 
mitigating emissions from 
decomposition by 
blocking canals and 
preventing future 
deforestation has a larger 
impact on total emissions. 

The occasional large 
annual increases in 
emissions are due to 
fires.

Blocking canals and 
monitoring land use limit 
the carbon emissions

The business as usual 
scenario shows the largest 
emissions because of peatland 
decomposition and fires.



Peatland Model Output: Precipitation and Water Table

The water table 
rises more quickly 
under the climate 
scenario with the 
highest rainfall 
(RCP 8.5).

Blocking canals, monitoring land use 
and avoiding fires is most effective for 
raising the water table under RCP 8.5



How the modelling outputs lead to the CBA

Physical indicators are estimated. For example, the system dynamics model simulates carbon 

dioxide emissions from fires, peat decomposition, and land conversion.

The Vensim model includes equations that relate these variables to other parts of the system, such as 

landcover, precipitation, water table depth, and policy interventions.

When we run the model, the output includes the carbon dioxide emissions in each year for each 

scenario.

We assume that 1 ton of carbon dioxide has a social cost of USD 5. So, for each scenario we 

multiply the carbon emissions by 5 to calculate the social cost of carbon emissions in each year.

Finally, we sum the social cost of carbon emissions across all years for each scenario to calculate the 

cumulative cost, which we include in the CBA.

We calculate multiple systemic costs and benefits of the nature-based infrastructure and compare the 

cost to grey infrastructure that provides similar services.

For the integrated cost benefit analysis, we estimate cumulative dollar values of 

the model outputs over the entire simulation. 



Added Benefits

Household income

Integrated cost benefit analysis indicators

Avoided Costs

Avoided cost of carbon 
emissions

Avoided flood damages

Avoided cost of fires

Foregone oil palm 
government revenue

Direct Costs

Capital cost of blocking 
canals and revegetating

Fire response construction 
costs

Annual fire response costs

Concession fees

Annual ecosystem 
monitoring costs



Peatland Integrated Cost Benefit Analysis
Policy Scenario Comparison (all values in USD million)

Business as 

usual
Block canals Monitor land

Block canals + 

monitor land
Suppress fires

Block canals + 

monitor land + 

suppress fires 

Avoided cost of carbon 

emissions
0.00 1,928.32 3,296.66 3,296.02 420.96 3,405.36

Avoided flood damages 0.00 0.74 6.44 6.44 0.79 6.50

Avoided cost of fires 0.00 0.37 1,000.35 1,001.85 649.19 1,422.24

Household income 1,905.69 1,921.06 59.45 74.83 1,974.94 144.16

Intervention costs 0.00 70.60 53.99 124.59 20.17 144.75

Foregone government 

oil palm revenue
0.00 0.00 697.75 697.75 0.00 697.75

Total 1,905.69 3,779.89 3,611.17 3,556.81 3,025.72 4,135.76

Value compared to BAU 0.00 1,874.20 1,705.48 1,651.12 1,120.03 2,230.07



Peatland Integrated Cost Benefit Analysis
Climate Scenario Comparison (all values in USD million)

RCP 4.5 RCP 6.0 RCP 8.5

Business as 

usual

Block canals + 

monitor land + 

suppress fires 

Business as 

usual

Block canals + 

monitor land + 

suppress fires 

Business as 

usual

Block canals + 

monitor land + 

suppress fires 

Avoided cost of carbon 

emissions
0.00 3,405.36 0.00 2,953.70 0.00 3,611.71

Avoided flood damages 0.00 6.50 0.00 4.92 0.00 8.82

Avoided cost of fires 0.00 1,422.24 0.00 779.28 0.00 1,203.15

Household income 1,905.69 144.16 1,905.99 144.55 1,905.59 144.14

Intervention costs 0.00 144.75 0.00 144.75 0.00 144.75

Foregone government 

oil palm revenue
0.00 697.75 0.00 697.75 0.00 697.75

Total 1,905.69 4,135.76 1,905.99 3,039.95 1,905.59 4,125.31

Difference 2,230.07 1,133.96 2,219.72



Peatland Results

• Blocking canals and revegetating peatland, 

while also monitoring land use and improving 

fire suppression, brings the highest net 

benefit for society (USD 4.136 million 

cumulatively by 2100).

• These benefits come primarily from 

avoided carbon emissions and other 

avoided fire impacts.

• Blocking canals helps raise the water table, but 

land-use monitoring is necessary to avoid 

continued deforestation and to mitigate 

emissions from peat decomposition.

• Fire suppression avoids damages, but it is 

not sufficient to prevent further peatland 

degradation.

• Restoring peatland and preventing land 

conversion for mining and plantations may 

lead to a decline in local wages and government 

revenue, but restoration avoids health impacts 

and flood damages. 

• If carbon payments are invested locally, 

then restoration can provide more benefits 

for the community than business-as-usual.

• Under all climate scenarios, the package of 

interventions (peatland restoration, 

monitoring land and fire suppression) performs 

better than isolated policies.



Section 4
Financial Analysis and 
Conclusion

The following slides explain the financial analysis for 

the peatland restoration and present main conclusions 

from the SAVi assessment.



Calculating Financial Indicators For Additional 
Insights about the Scenarios

• The financial analysis uses the outputs from the system dynamics model to calculate 

the internal rate of return (IRR), benefit to cost ratio (BCR) and net present value (NPV) of each 

scenario compared to business-as-usual.

• In all cases, we calculate the sustainable (S) IRR, BCR and NPV, which we call the S-IRR, S-BCR 

and S-NPV, and the conventional IRR, BCR and NPV.

• Goals of the project finance modelling

o Assess value for society over the project lifespan

o Determine the importance of externalities and avoided costs in value creation



Financial Analysis Methods

Societal and conventional internal rate of return, benefit to cost ratio, and net present value

Conventional internal rate of return (IRR), benefit to cost ratio (BCR) and net 

present value (NPV)

These conventional indicators include only cash flows (i.e., household income, foregone 

government revenue, and capital/maintenance costs)

Sustainable IRR, NPV, and BCR

These more holistic indicators include externalities and costs in the calculations of IRR, 

BCR, and NPV.

For example, they consider how the peatland restoration can avoid flood damages and 

health costs from fires.

Assumption: Discount rate: 8.5% per year%



Peatland Management Financial Indicators

Policy Scenario Comparison

IRR (%) BCR NPV (USD million)

Sustainable Conventional Sustainable Conventional Sustainable Conventional

Block canals 15.2% - 3.65 0.17 28.38 -8.84

Monitor land 16.0% - 4.00 -13.09 19.83 -93.28

Block canals + monitor 

land
11.0% - 1.64 -4.9 11.04 -102.08

Suppress fires 534.7% 534.7% 19.1 3.33 45.84 5.89

Block canals + monitor 

land + suppress fires
17.8% - 3.20 -3.85 43.66 -96.18



Peatland Management Financial Indicators

Takeaway: Avoided costs justify investments in peatland restoration

• Most peatland investments considered in this model have a BCR less than one and negative NPV 

when we do not consider the value of emissions, cost of flood damages and cost of fires (see the 

conventional indicators in the previous table)

o The exception to this is suppressing fires, which has an unreasonably high IRR of 534.7%. The 

high IRR for fire suppression is due to the large number of jobs created, and therefore high 

wages, for fire suppression. 

• All investments are economically viable when we include externalities in the analysis 

(see the societal indicators in the table). 

o Except for fire suppression, the IRR is between 11% and 18%, and the BCR is 1.64 – 4. 0. The 

S-NPV for all policies ranges from USD 11 – 46 million, suggesting that these policies can 

create value for society.



Conclusions

Money matters: To make land rehabilitation last and more economically viable, local 

communities need an additional source of income (e.g., tourism or carbon storage 

payments). Otherwise, local communities may turn to environmentally damaging activities, 

such as plantations and mining. This ultimately has less societal benefit than sustainable 

land management.

Land rehabilitation is a long-term effort: One-time interventions, such as blocking 

peatland canals without monitoring and maintenance, are less effective than continuous 

management and stewardship. These long-term efforts can avoid land conversion and 

increase resilience to extreme events. However, long-term impacts may not play into 

decision making when future benefits are discounted.

Use packages of interventions instead of isolated measures: Combining measures 

makes the projects more successful. Peatland restoration (blocking canals and planting trees) 

brings the largest benefits in combination with fire suppression and with monitoring that 

prevents the conversion of forest to plantations and mining. 



Section 4
How stakeholders can 
use the results of the 
valuation

The following slides explain how government 

stakeholders, local communities and organizations, 

donors and funders as well as the carbon offsetting 

sector could use the results.



How stakeholders can use the results

Government stakeholders 

Low-carbon development

Policy-makers can use the results to justify investments 
in peatland restoration and scale up such projects, as 
the assessment illustrates the considerable benefits for 
sustainable development. For example, the peatland and 
mangrove restoration provide positive net benefits.

The results can help government authorities to acknowledge 
the projects’ contribution to low carbon development 
and reaching climate commitments. For example, 
restoring the peatland forest avoids more than 1 billion tons 
of carbon dioxide emissions over 2010-2100.

The results can also form the basis to mobilize funding 
for peatland restoration, including through carbon 
offset schemes. For example, the peatland project provide a 
carbon storage benefit of approximately USD 3 billion.

Policies and project design

The results can help policy-makers design successful 
projects by combining interventions. For example, the 
peatland restoration works best when combined with fire 
suppression and land use monitoring.

Government authorities can also use the results to develop 
economically viable, long-lasting projects that 
benefit local communities. 

Policy-makers can use the results to make decisions on 
topics like health, flood protection, biodiversity 
conservation, mining, tourism, and economic 
development. For example, suppressing fires avoids 
health, economic and education costs of about USD 650 
million over 2010-2100.



How stakeholders can use the results

Local communities, civil society 
organizations and labour unions 

Civil society organizations can use the results to raise 
awareness of the value of nature-based infrastructure.  
For example, the benefits of the projects are far larger than 
the costs, but this is only apparent when considering 
system-wide, long-term impacts across multiple sectors.

Civil society organizations can also use the results to 
promote and develop climate mitigation projects 
that help local communities thrive. For example, part of the 
carbon storage benefit from peatland restoration could be 
reinvested locally.

Labour unions can use the results to support land 
management that promotes a just transition to low-
carbon development. For example, in 2017, the labour
union brought the Ministry of Environment and Forestry to 
Constitutional Court for peatland restoration regulation 
that limits timber plantations on peatland.

Donors can use the results to make the case for further 
peatland and mangrove restoration projects, as the 
results illustrate the considerable benefits for climate 
adaptation and mitigation. For example, peatland 
restoration and conservation avoids approximately USD 1.4 
billion in fire damages over 2010-2100. Donors can include 
the results in their reporting to demonstrate the impacts of 
their investments. 

Funders and donors

Carbon offsetting sector

The carbon offsetting sector can use the results to design 
effective, lasting carbon storage projects that 
consider climate and economic dynamics. For example, the 
peatland restoration avoids 1 billion tons of carbon dioxide 
emissions over 2010-2100 when combined with monitoring 
and fire suppression.



What’s next?

This was Block 3 of Module 2.

In case you want to learn more about this example, you are invited to 
study the full technical report about the SAVi assessment of peatland 
and mangrove restoration in Indonesia. The report will soon be 
available on the NBI Global Resource Centre.

You can continue the 

course with 

Module 3 – Block 1 

about systems thinking 

and system dynamics


