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Possible forest losses in the Amazon to 2050
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2/3 of vegetation cover of 15 ecoregions among 32 would be eliminated

Analyzing the consequences
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Predicted biodiversity loss by 2050
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Lessons from these figures:

• There is a risk of losing far more of the Amazon rainforest by 2050.

• This project derives geographically differentiated economic values of 
losing the Amazon rainforest in Brazil.

• These values are assembled in a “valuation platform”, available on 
the web.
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What is the value of the Amazon rainforest?

Three value elements:

• 1) Local and regional values to the population in South America

• 2) Carbon values: The global benefit from carbon sequestration by 
keeping the forest

• 3) “Other global values”: Willingness to pay to preserve the Amazon 
rainforest in other countries.

This project considers elements 1 and 2 only. 3 is subject to separate 
research in the World Bank. 
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Should the rainforest always be saved?

• No. The forest (or a part of it) should be saved if and only if the 
value of preserving the forest exceeds the value of the forest in 
the best alternative use (e g by first logging the timber and 
then using the land for agriculture).

• This is a reason why valuation is important. And it is important 
to capture all values, also option values and non-use values.

• Consider first a case where the local and regional values are 
higher than the opportunity value. Then that is sufficient to 
recommend preservation.

• Consider next a case where the local/regional values are found 
to be less than the opportunity value. Then one may need 
values from the “outside” to overcome opportunity values.

• Or, the opportunity values may be higher than all protection 
values. Deforestation is then the rational outcome. 
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The interactive valuation platform:
Will refer to this in much of the lecture

• Constructed by a research team in Belo Horizonte, Brazil, led by Britaldo
Soares-Filho, a geographer. Available on the web at: 
http://csr.ufmg.br/amazones

• The platform is constructed with two layers for each included elements, 
with pixel size 1 km2:

• 1) Biophysical mapping of resource base or impact

• 2) Economic valuation of biophysical impacts.
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The valuation platform (cont.)

• Certain parameters (including the price of carbon) are flexible, and 
can be set by individual users 

• The platform displays all key results from the project on biophysical 
and economic value mapping

• The platform also adds up individual values to a total

• The platform however has certain limitations, as not all possible (local
and regional) value elements are included. It thus gives values which
are biased downwards. 
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Having a map which shows how the economic value of the 
Amazon varies geographically is important in several contexts:

• Where to most discourage conversion of rainforest to agriculture, 
by comparing preservation values to local opportunity values

• Where to most work to prevent illegal logging 

• How and where to prevent forest fires

• Where to establish new national parks. 
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The platform has 5 main elements:

• 1. Hydrological impacts of forest losses on main economic activities 
(agriculture and hydropower)

• 2. Economic value of sustainable timber and non-timber forest 
products

• 3. Biodiversity impacts

• 4. Carbon emissions when rainforest is lost

• 5. Forest fire occurrence and predictions for the Amazon.
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Element 1: Mapping hydrological impacts of forest losses

• This element is carried out by a team at the Federal University of Viçosa, 
Brazil, led by Marcos Costa, a hydrologist/climatologist. 

• This research consists in three steps:
• Analyze impacts of Amazon rainforest losses on rainfall patterns in all of South 

America, using a global circulation model

• Calculate impacts of rainfall changes on agricultural outputs, and net economic 
returns from soy, beef and hydropower, in Brazil and Argentina

• “Reverse calculations” to ascribe losses for soy, beef and hydropower back to each 
forest pixel in the Amazon, in terms of US$/ha/year.
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Element 1 (cont): Mapping hydrological impacts of forest 
losses

• Impact maps for rainfall, soy output, cattle ranching, and 
hydroelectric production (4 facilities) have been established, for 
various deforestation rates, and other features (planting dates).

• “Return economic value impact” maps created, with reverse 
calculations back to (large) pixels. 

• Impact values of deforestation on soy and cattle each up to about 
$10/ha/year.

The specific website for these mappings is found at:

• http://www.biosfera.dea.ufv.br/en-US/deforestation-and-rainfall
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Element 2: Mapping economic values of sustainable timber and 
non-timber forest product (NTFP) extraction:

• Net economic returns from reduced impact logging (RIL) modeled and 
mapped by the Belo Horizonte team, based on their SimMadeira+ model. 

• Sustainable NTFP extraction, including net economic valuation of these, 
is mapped for two products, found throughout the Brazilian Amazon:

• a) Brazil nut

• b) Rubber
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Element 3: Local/regional biodiversity valuation

• We had the ambition to do two steps: 

• 1) Geographical mapping of biological resources, by the Belo 
Horizonte team. 

• 2) Local/regional economic valuation of biodiversity impacts. 

• But: No economic values yet ascribed to biodiversity. This is yet 
too difficult and uncertain, and much indicates that the local and 
regional values are in any case small. (A pilot stated-preference 
survey in Brazil indicates small values.)

• Most local/regional biodiversity values seem related to 
bioprospecting.

• Most passive-use values associated with biodiversity seem to be 
found outside of the region (not included here). 15



Element 4: Carbon emissions from deforestation

• Avoiding carbon emissions are a key part of the value of 
protecting the Amazon. 

• This is a global value; although still included in this valuation.

• Carbon impact due to Amazon deforestation are taken from 
existing maps.

• The spatial carbon emissions map is built into the valuation 
platform.

• Average carbon emissions resulting when Amazon rainforest is 
lost: about 130 ton C/ha (460 ton CO2/ha).
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Value elements not (yet) in the platform, that might be built in:

1.Tourism and recreation related to the Amazon

2.Bioprospecting (could be integrated part of biodiversity values)

3.Pollination

4.Health impacts

5.Watershed protection impacts, including for droughts and flooding

6.Other local benefits and products, including fishing, hunting and 

gathering (apart from rubber tapping and Brazil not gathering).
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Element 5: Forest fires and forest value

• This element is implemented by the Belo Horizonte team, base on two models 
developed by the team: FISC, and EcoFire. 

• This is not in itself a value element. Forest fires however have (potentially large) 
impacts on forest value.

• Aim of this work:
• a) Model forest fire occurrence and spread using the FISC model

• b) Calculating economic costs due to forest fires using the EcoFire model.

• c) Create a map of externality impacts whereby forest losses lead to further future 
losses due to localized forest fragmentation and dryness. 

Elements a) and b) are done, but not c).
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Average and marginal forest values

• Average and marginal forest values often differ.

• Marginal forest value: The overall loss sustained to society when a small 
(marginal) part of the forest is lost.

• Average forest value (of a larger forest area): The total value of the forest, 
divided by the area, or «portioned out» across the area.

• Marginal value can sometimes or in some cases be greater than average 
value, and in other cases lower. Will give examples of both.
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Marginal forest values and forest fires

• Two externality factors, both related to forest fires, may imply that 
marginal forest values are greater than average values: 

• Losing additional rainforest could increase local fire risk

• Losing more rainforest makes the remaining forest drier, increasing fire risks, 
and reducing the value of standing forest.

• These factors increase the value of saving a (small) piece of forest. This is 
despite the fact that forest fires reduce average forest values.
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Analytical formulation of asset equations for rainforest value: 

Two key asset equations, for unburnt forest, V, and for burnt forest, V(F), as 
functions of current returns v(D) and w(D) (inside and outside of the forest), 
lambda (the probability of forest fire), and of g (growth rate of forest values) 
and theta (the risk of «dieback» or major forest loss).
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Analytical formulation of asset equations (cont.)

Forest value (total for a given small “unit patch” of 
forest)

Marginal forest value (value loss when a small forest amount 
is lost):
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These relationships indicate:

• Factors that affect standing forest values both within the forest, v(D), and 
outside of the forest but affected by it, w(D) 

• Factors that affect marginal forest value working via dryness (D) and forest fire 
frequency and impact 
• Losing forest increases fire risk locally

• Losing forest increases dryness, which works both locally and globally. 

• These externalities, due to fire risk and forest dryness, lead to increased marginal value of 
saving forest. 

Finding “marginal forest values”, ascribed to individual pixels of forest, is demanding 
but can be done/parameterized approximately with certain spatial data.



Examples of some cases where the marginal value is lower than 
the average value

• Biodiversity – in many cases losing a particular (small) patch of rainforest will not 
necessarily hurt biodiversity as any threatened species could migrate to other 
areas, given large enough total forest area remaining

• Tourism and recreation – losing one area popular to tourists might be 
compensated by tourists instead moving to other areas. (The precondition would 
typically be that the area lost was not “unique”.)
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Stated-preference work (Siikamäki and Strand 2017)

3 choice-experiment pilot surveys focusing on forest loss, biodiversity loss, and local climate effects (three issues 
found as important in initial focus group work). Results below are stated in WTP/hh/month, found from the pilots. 

(Total combined value of about R$20/hh/month implies a total WTP in the Brazilian population, or US$700-1000/ha 
as a stock value.)

R$ 7,4

R$ 3,0

R$ 10,0

R$ 17,3

R$ 20,4

R$ 0

R$ 5

R$ 10

R$ 15

R$ 20

R$ 25

WTP to avoid 20% forest loss WTP to avoid 10% of species at
risk of extinction (not

statistically significant)

WTP to avoid 20% risk of
regional flooding and droughts

Combined WTP*: Avoid forest
loss and regional flooding and

droughts, zero WTP for species
extinction

Combined WTP**: Avoid forest
loss and regional flooding and

droughts, estimated mean WTP
for species extinction

25



The central valuation platform’s aggregate value feature:

• The «query» function in the valuation platform adds up the following
value impacts:

• RIL, rubber, Brazil nut, soy production, beef production, hydropower
outputs, and carbon.

• This page calculates the total protection value per hectare per year
for the valued impacts, across the entire Brazilian Amazon.

• The user can insert desirable parameter values for the prices of
carbon, soy, beef, and electricity.

• Biodiversity values are not (yet) included in the aggregate protection
value on the platform. 
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Mapping opportunity costs

Opportunity costs: The economic values of converting Amazon 

rainforest land to other uses, such as agriculture. 

When opportunity costs are higher than the value of the rainforest 

(including all value components), for a particular part of the rainforest, 

deforestation should be allowed for that part. 

Work to assess opportunity values for the Amazon will be addressed in 

follow-up work. 
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To recapitulate: 
The total value of protecting the Amazon rainforest

has three major components:

• 1. Local and regional values 

• 2. Carbon values

• Finding, and mapping, values 1-2 are the objectives this project.

• For carbon values, 100-160 tons of carbon (360-550 tons of CO2) can be assumed 
to be released on average per ha of rainforest deforested, in most of the Brazilian 
Amazon. With a carbon price of $30 per ton, this is equivalent to a deforestation 
cost of about $10,000-16,000 per hectare, as the “carbon value of preventing 
deforestation”.
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Value components in Amazon rainforest valuation 
(cont.)

• 3. Value of protecting the Amazon in the rest of the world: People in other 
countries are also willing to pay to preserve the Amazon forest. The total 
magnitude of such values is currently unclear, but is likely large. 

• Parallel research in the World Bank has assessed such values in the U.S. and 
Canada. Indicates a protection value of around $5,000 per hectare of saved 
rainforest in the Amazon, for the population in these two countries. Most of 
this value is related to biodiversity and forest area protection, and not carbon. 
This element, plus equivalent elements for other countries, must be added to 
elements 1-2.
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