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I will in this note discuss some of the key value items in the Amazon, and how they have been treated in 

my Brazilian Amazon rainforest valuation project which I will mostly talk about in the lecture, including 

the two websites where results from the project can be found. The discussion in this note can then be viewed 

as a guide to the two websites, and to how to use them. I strongly urge you to go to the websites to look up 

the various impact and value maps, and to also read the texts on the websites, related to each item. 

The websites are accessible as follows. 

The “valuation platform”: http://csr.ufmg.br/amazones/  

The hydrological calculations website: http://www.biosfera.dea.ufv.br/en-US/deforestation-and-rainfall.  

I will tie some comments on each of the key elements in the project and on the websites. 

The Amazon rainforest covers 9 countries: Brazil, Bolivia, Peru, Ecuador, Colombia, Venezuela, Guyana, 

Suriname, and British Guiana. Almost 65% of the forest is however in Brazil (Peru and Colombia are next 

in size with together 20%).  

 

1. Spatial implications for hydrological services of changes in Amazon forest cover 

The production of a wide variety of hydrological services is a key aspect of the Amazon region’s ecology, 

as well as a key source of impacts, of both further forest losses and of further climate change. The hydrology 

of the Amazon region is globally unique: the average water volume carried by the Amazon River is 6 times 

that of the second largest river globally (the Congo). The freshwater carried by the Amazon represents about 

20% of the global total. The hydrological cycle involving the Amazon has enormous impact on the region, 

and perhaps also globally. Many of the global impacts are today probably not well understood. This project 

contributes to such understanding, in particular regarding how to value the hydrological impacts 

economically. 

Despite the important physical role of the Amazon forest in regulating precipitation and temperature over 

the subcontinent, no studies have to date attempted to value this ecosystem service, which may be large, in 

a stringent way. Most productive activities on the South American subcontinent rely crucially on weather 

as an input; and thus far from only the three activities considered here are probably influenced by the 

Amazon forest’s own regulation of the regional climate.   

 

Three major effects of changes in regional rainfall which follow from Amazon deforestation, with direct 

economic impacts for the region, are valued in the project: 

1) Effects on soybean production in the entire region (Brazil, Argentina, Uruguay, Paraguay and 

Bolivia) due to changes in precipitation patterns generated by forest losses. 

2) Similar effects for beef production, focusing here only on Brazil. 

3) Similar effects on the economic returns from hydro-electric production, focusing on four 

installations in Brazil. 

It is clear that there are impacts also on other activities including many more agricultural outputs (corn, 

sugarcane, coffee, wheat, etc.), but the two included are likely to be the most significant. There are also 

other hydroelectric installations affected, Brazil being the second-largest hydropower producer in the world 

(after China). These three activities thus represent a clear underestimate of the overall impact of these 

rainfall changes on the regional economies. 

http://csr.ufmg.br/amazones/
http://www.biosfera.dea.ufv.br/en-US/deforestation-and-rainfall


Amazon forest losses are likely to induce changes in precipitation, in total and in terms of variability, both 

within and outside of the Amazon region itself. Such impacts will be felt for several water-related activities 

which include regional agriculture, flooding damage, river navigation, freshwater fish yields, public water 

supply, and hydropower production. The hydrological analysis in the project has so far focused on three 

classes of impacts for which a reasonably good database exists for quantifying the impacts. 

To deal with this issue we map geographically the hydrological benefits of rainforest preservation for the 

Amazon region, in terms of soybean production and cattle ranching, and hydropower outputs by “source” 

and “destination”.  Spatial mappings of benefits or value of hydrological services from the Amazon 

rainforest can be created in two separate ways. One can construct a spatial "origin value map", that is, a 

spatial representation of the values stemming from the intrinsic or physical characteristics of individual 

patches of forest; in terms of where services, existence, etc., concretely originate. 

 

We construct for each service a "destination value map", corresponding to plots of land where these objects 

(services, etc.) are actually valued, that is, where the impact is perceived/received.  

 

Achieving an understanding of which parts of the Amazon provide more and less hydrological benefits is 

here of particular interest. Both how forest changes affect the regional distribution of rainfall, and where 

beneficiaries of such value are located, are important. In the process of generating the forest "source value 

map", we achieve the information that allows us to create a "destination value map", to gain a spatial 

understanding of where benefits are received. 

 

A growing consensus among climate researchers is that reductions of forest area in the Amazon biome, and 

general climate change, together may significantly reduce summer rainfall in these areas, and may also 

contribute to higher regional temperature averages. Some models even suggest that land use change in the 

Amazon forest might influence rainfall patterns in more distant regions such as the southern parts of the 

United States. Ideally, such distant impacts would then in case need to be embedded in the cost assessment 

of Amazon forest losses.  

On the other hand, any such conclusions are highly uncertain; and different models have given us different 

results. One “complication” is that global circulation models (GSMs) typically give as prediction that 

tropical forest losses will reduce rainfall in some areas; buy not uniformly as certain areas typically receive 

more precipitation.  

A key “dilemma” in using GSMs for these calculations is the following. First, for small forest losses 

(focusing in the calculations on an additional 10% deforestation in the entire Brazilian Amazon), the overall 

results from the GCMs very often yield small rainfall impacts. Secondly, for very large forest losses, the 

GSMs really have very little predictive power as they cannot be based on empirics, and the calculations 

must in any case be very uncertain. We are however “stuck” with using the GCMs as the only viable tool 

for science-based hydrological impact analysis on the scales sought here. 

To repeat, the externally accessible website for these calculations is found at:    

http://www.biosfera.dea.ufv.br/en-US/deforestation-and-rainfall.  

This website provides detailed calculations of the hydrological impacts via Amazon forest losses. This 

website provides data from the following types of calculations (corresponding to the three steps in the 

valuation process outlined above): 

1. Data for anticipated rainfall impacts throughout the region, resulting from loss of forest, in 

individual (large, 90,000 km2) pixels throughout the Amazon rainforest (not only in Brazil but also 

Peru and Colombia). Results are given for a “benchmark” case of 10% deforestation (identified as 

http://www.biosfera.dea.ufv.br/en-US/deforestation-and-rainfall


the current state), and by additional 10% increments up to a total loss of 40% of the Amazon 

rainforest. Rainfall impacts are found for the Amazon region itself, all the rest of Brazil, and 

Argentina, Bolivia, Paraguay, and Uruguay. The rainfall change calculations are made with the 

help of a global circulation model (The Community Climate Model version 3, coupled to the 

Integrated Biosphere Simulator version 2.6.4, CCM3-IBIS). 

2. Figures for impacts of these rainfall changes on three economic activities: soybean production 

throughout the region; cattle raising in Brazil, and hydropower production at 4 specified Brazilian 

facilities; also here given by 10% increments in forest losses. Impacts have been calculated for both 

gross production and net economic value. 

3. “Reverse calculations” back to each (large) pixel. This involves calculating the damage resulting 

for each of the three economic activities, per hectare forest loss in each large pixel. Results are 

given as US$/ha/year. 

Key results from the hydrological calculations 

Only main features are discussed here. We only discuss impacts of the 20% loss alternative (which is 

relative to the current 10% loss state; thus an additional 10% loss of Amazon rainforest in the aggregate).  

For rainfall, the impact of a 10% additional Amazon forest loss is that annual rainfall is reduced by up to 

500 mm/year in much of the Amazon itself, and in South-East Brazil, while impacts in Argentina are less. 

In some parts of the area, our model calculations yield no change or a smaller increase in rainfall (up to 

250 mm/year).  

For the value of soybean production, we find losses of up to 15% of gross value in the areas experiencing 

less rain, and gains up to 5% in areas with more rain. The damage to soy producing areas go up to more 

than US$200/ha/year in some cases for the alternative with 10% additional deforestation. Overall induced 

losses upon deforestation per ha per year, vary spatially throughout the Amazon, up to a maximum of about 

US$10/ha/year; although these calculations need further scrutiny. 

For beef production, similar losses are in most cases up to 10%, higher in only small areas. The value losses 

per forest pixel are on average very similar to those for soy. For hydropower the picture is somewhat 

clouded by the result that only one of the 4 facilities included (Belo Monte) suffers a loss; which moreover 

is small. 

These calculations are highly uncertain, in particular since the rainfall implications of Amazon forest losses 

are very uncertain, with very different results from different models. These calculations of hydrological 

impacts of Amazon forest losses on the South American economy are however the first of their type, in 

terms of detail and comprehensiveness, and form a basis for future work. One particularly important issue 

is for soy, due to the rapid expansion of soy area and production in South America over the last 15 years. 

Today, South America produces half of the world’s soy output, and this may increase further. There are 

here however uncertainties. One is that the strong recent tendency toward monoculture, with very high 

emphasis on soybean production, the entire South American region, may turn out to be non-sustainable, 

and may force changes in the cropping pattern across the region. Another current uncertainty lies in the 

great potential for more intensive agricultural cropping in areas in Brazil close to the Amazon which today 

have much lower productivities than their potential. If the agricultural productivity on these areas are raised 

substantially (largely, a matter of proper investments), the sensitivity of agricultural outputs in Brazil to 

rainfall stemming from the Amazon may rise dramatically.  

 

 

 



2. Spatial mapping of sustainable timber and non-timber forest product extraction 

Consider next our impact-and-value calculations for reduced impact logging (RIL). Good data for the 

geographical distribution of biomass volumes across much of the Amazon have created a good starting 

point for modeling the geographical distribution of regional values of sustainable timber harvest. This data 

situation is coupled with modeling based on the SimMadeira+ model, which is developed by our research 

team at FUMG for mapping Amazon timber values.  

The valuation platform provides the following pages or maps for timber: 

1. Sustainable logging rents at current prices (given RIL) 

2. Sustainable logging rents at inflated prices (given RIL) 

3. Commercial timber volume, total 

4. Commercial timber volume, softwood 

5. Commercial timber volume, hardwood 

6. Commercial timber value, softwood 

7. Commercial timber value, hardwood 

8. Query on total logging rents 

9. Queries on commercial volume and value of softwood and hardwood, all by municipality. 

 

Reduced Impact Logging (RIL), as defined by the Brazilian government, implies a very constrained logging 

regime where only certain tree species can be logged, and the amount of logging allowed in each area of 

forest strictly limited.  

RIL is a concept not void of complication or controversy. There is in many cases a delicate balance between 

extraction of timber from the standing rainforest, and quality of the remaining forest after such extraction. 

It is in particular cleat that, while extracting virtually all high-value timber may be economically attractive 

in the short run (but is not allowed under RIL), such activity would likely reduce the value of the remaining 

forest and its biodiversity in the longer run. But it is still a question whether any logging regime at all for 

the Amazon, even a restrictive one such as RIL, should be allowed, in otherwise intact rainforests.    

Net rents from RIL are calculated on basis of a logging regime modeled by the SimMadeira+ model, 

assuming a 30-year cycle (so that, after 30 years, one has produced one round of RIL-based forest extraction 

from the entire Brazilian Amazon). The model assumes that logging centers are set up at which logs are 

collected, and these centers are moving throughout the Amazon over the cycle. Net rents are achieved only 

when the value of timber at the center exceed total logging costs. The highly constrained logging regime 

implies that net RIL rents are zero in large parts of the Amazon. High net value of Amazon timber 

(sustainably extracted under RIL) typically requires either easy road access to bring timber to market; or 

location of the logging site close to the Amazon or one of the tributaries for easy flotation from the logging 

site. The dependence on roads at many sites might appear to argue in favor of opening up for more road-

building in the region. One then however need to consider that road building may increase the pressure for 

deforestation. And even when areas are not directly deforested, better road access could in some cases “tip 

the balance” in favor of extracting more than sustainably extractable timber, reducing the value of the 

remaining forest.  

The valuation platform contains maps for commercial timber volume and values, in total and separately for 

softwood and hardwood species; and also for RIL rents. We find, from the interactive forest volume and 

value maps, that while the volume of timber is generally very high in the westernmost areas of the Amazon, 

plus some selected areas in the east, the highest net returns are found in the east. Big areas in the west have 

zero net RIL value due to high logging and transport costs, despite sizable timber volumes. Only in 

relatively small areas are RIL rents above US$20/ha/year, but can go all the way up to US$300 in smaller 

selected areas close to Belem. 



Two non-timber forest products (NTFPs) are included in our calculations of forest value, and in the 

mappings. Existing research (see references in May, Soares-Filho and Strand 2013) indicates that revenues 

from currently marketable Amazon non-forest products could be consequential. Main research tasks and 

strategies for NTFPs are similar to those for timber.  

Deriving a geographically differentiated map for net NTFP values requires detailed data for harvesting and 

associated costs for the respective forest products. This activity has been modeled by the FUMG research 

team for two forest products: natural rubber; and Brazil nut. For both these products we have acceptable, 

geographically differentiated data, and applicable production models. The modeling has been supplemented 

and supported by extensive field work to several regions of the Amazon, in particular the Acre region where 

both rubber tapping and Brazil nut harvesting are important activities for the local populations.   

Mappings of scope for and net returns from rubber tapping, and Brazil nut extraction, are available for the 

entire Brazilian Amazon at the platform website. Maps are available on favorability, yield, and net rent in 

US$/ha/year. The maps indicate that returns for these activities are relatively limited, in terms of overall 

values as expressed in US$/ha/year. Values are higher, and more prevalent throughout the Amazon region, 

for Brazil nut than for rubber. For Brazil nut, the net values are consistently at the level of at least 

US$5/ha/year for large parts of the central Amazon, most relatively close to the main Amazon rivers with 

main tributaries; and go up to a maximum or more than US$40/ha/year in certain selected regions. For 

rubber, values are generally lower. They do not exceed about US$6/ha/year for any part of the biome, and 

are in most cases far lower (below US$2/ha/year). Most of the positive values are here found in the 

westernmost part of the Amazon, close to Peru and Colombia; notably the Acre region where rubber is a 

relatively significant activity. Note however that some areas in the westernmost Amazon with high rubber 

yields have low net economic rents due to low accessibility. See otherwise the website for details. 

 

3. Biodiversity and biological resources 

A crucial resource in the Amazon, adversely affected by rainforest losses, is its biodiversity and general 

biological resource base. We here refer principally to biological resources that are not, and generally cannot 

be, harvested sustainably. We note however that a subset of the biological resource base (notably, timber 

and NTFPs; and fisheries) can be subject to harvesting, as already discussed.  

The biological resource base consists of both richness and diversity of Amazon biological life. This includes 

specimen numbers for important species and their distribution within the biome. A further important aspect 

of the Amazon’s biological resource base is its species diversity; and a third aspect the endemicity of its 

species composition (the degree to which prevailing species are unique to the locality, and region). The 

Amazon rainforest likely has a larger number of both unique and endemic species than any other similarly 

large geographical region on earth. Many of these species have not yet been discovered; and many could 

go extinct even before they have been discovered, as a result of rainforest areas being reduced. 

Species diversity and endemicity are not the only aspects of the Amazon’s biological base that are affected 

by forest cover changes. The Amazon’s biological resource base has various dimensions which make its 

economic valuation a challenge. One set of such values is direct (actual and potential) tangible services 

produced by the rainforest. One class of such services is pollination. Another is bio-prospecting (the 

possibility of commercial utilization of the relevant biological resources e g through new pharmaceutical 

and cosmetic products, and new foods). For each the value per land unit may be high at least in certain 

regions of the Amazon, but we do not today have sufficient information to pin this down.  

The biological resource base of the Amazon has existence or preservation values (including option values) 

which can best be viewed as a common resource for all of humanity, and for the globe. The ambition of the 



current assessment is to pin this value down only as far as it is valued by the populations of South America. 

Our current understanding of this issue is that the local and regional (preservation and existence) value of 

the Amazon’s biological base is relatively small. The stated-preference work reported below provides such 

an indication. We have in this light not found it worthwhile to go ahead with a spatially explicit valuation 

attempt for this component, at the current stage of this work.  

Economic valuation of biodiversity is challenging anywhere, and not least for the Amazon. Little work 

exists to resolve or bring light to this issue. A key problem is to obtain economic protection values that 

would correspond to the lost biological resources, most of which are non-tangible. As an element of our 

work on this topic, we are also carrying out (a limited set of) stated preference surveys in Brazil, with the 

aim to eventually carry out a later comprehensive national SP survey, where willingness to pay among the 

Brazilian public to protect the Amazon, and the main factors behind this WTP, will be key topics. See a 

further description of this work under section 4.7 below. 

Practically speaking, when assessing extinction risks in response to forest losses in our project, the only 

practical way to go about this is to consider average impacts on extinction rates from somewhat larger losses 

of forest. This means that our spatial maps of biological resources and species endemicity, developed in the 

valuation platform, are likely to have bearings on the magnitude of biological resources that will be lost 

upon further deforestation.  

Mapping of biodiversity and biological resources is found for the following  (explanatory texts to the 

various items can also be found on the platform website): 

1. Endemism (relative importance) 

2. Phylogenetic endemism (relative importance) 

3. Areas of endemism (relative importance) 

4. Species composition (unique areas) 

5. Phylogenetic composition (unique areas) 

6. Biogeographic regionalization (unique regions) 

7. Sampling effort (relative importance). 

Additional queries are found for the following: 

1. Deforestation by biogeographic units 

2. Conservation priorities per protected area 

3. Losses of biodiversity conservation priorities due to deforestation 

4. Losses of biodiversity conservation priorities due to deforestation, angiosperms  

5. Losses of biodiversity conservation priorities due to deforestation, arthropods 

6. Losses of biodiversity conservation priorities due to deforestation, vertebrates. 

Although we provide a number of biogeographical measures across the entire Amazon, much of the 

Amazon region is poorly mapped for biological resources. The current mappings in the platform must then 

only serve as an indicator and not a final answer to the questions raised. 

The platform is accessible at: http://csr.ufmg.br/amazones/.  

 

4. Carbon values 

It is well-known that deforestation leads to loss of biomass, resulting usually in release of CO2 to the 

atmosphere, which contributes to the build-up of climate gases, and to climate change. Indeed, this is a 

http://csr/ufmg/br/amazones/


primary factor behind our wish and efforts to prevent Amazon deforestation. The stock of above-ground 

carbon in the Amazon is vast, and if all released would correspond to at least 10 years of global carbon 

emissions at current emissions rates.  

Such carbon maps are available and have been uploaded to the valuation platform, and carbon values are 

included (with the possibility to insert alternative prices per ton CO2) in the integrated rainforest value. 

They show that the carbon density of the Amazon rainforest varies substantially and is generally highest in 

the westernmost parts of the Amazon. The carbon density is generally low in the southern and south-eastern 

parts of the Amazon. 

 

5. Other value elements for the Amazon rainforest, in addition to those currently included in 

the valuation in the platform 

The analysis of Amazon rainforest value has ignored or taken lightly several possible value items, which 

have not been embedded in the valuation procedure of the valuation platform, but could provide significant 

additional economic values for at least parts of the Amazon biome. Among these other value elements these 

can be mentioned: 

 Wider regional climate effects 

 Recreation and tourism 

 Health impacts 

 Additional hydrological effects including watershed and flood protection, nutrient retention, 

freshwater supplies, and fish catches 

The two most important reasons for not including the elements currently left out are, first, that they have 

not (yet) been considered sufficiently important at least not on the scale of the entire Brazilian Amazon 

(recreation and tourism; health impacts); and secondly that the data situation is too weak to justify including 

them in a spatially explicit valuation procedure (additional hydrological and climate impacts; opportunity 

values).   

How quantitatively important are these elements? For recreation and tourism, a preliminary study (May 

2015) indicates that current ecotourism activity in the Brazilian Amazon, while yielding a quite sizable 

revenue stream to local communities and tourist establishments, is relatively small and concentrated. Only 

the Manaus area seems to have any significant infrastructure related to such tourism in the Brazilian 

Amazon. Overall, we have found that mapping it for the entire biome is not fruitful for our purposes. It may 

also be argued that nature tourism as activity in the Amazon need not suffer by smaller Amazon forest 

losses, as it may without much cost be moved to alternative sites. 

For health impacts, two effects have been emphasized the most. The first is the increased spread of vector-

borne diseases when the forest cover recedes and the forest dries out. The second is air pollution impacts 

from burning forests. Both these effects are relatively small in the Amazon (substantially smaller than such 

impacts in Asian rainforest nations), mostly as population densities in the exposed areas are low.  

Fish catches in the Amazon watershed are very significant, with a first-hand value of something like US$1 

billion per year. More than 2000 species of fish are found nowhere else than in these waters; almost as 

many as in all the international salt-water oceans altogether. Less is however known about the impact on 

the fish yields in response to deforestation. Mapping the impacts, in terms of attribution of losses to 

particular forest losses, will be a challenge. This has not been attempted yet in this project. 

Other climatic impacts, which do not depend directly in economic activities in Brazil and elsewhere, are 

also challenging to measure and value. Note however that our stated-preference work (discussed under 



section 6 just below) may have the ability to pick up some effects, even though monetization of likely 

effects still remains elusive.  

The final issues on the list above are the watershed and flood protection and nutrient retention impacts, 

which have not been mapped nor monetized. These elements will be addressed in follow-up work.  

It also needs pointing out that the opportunity values of the Amazon, in terms of currently forested land that 

could be used for other activities, have not been mapped. 

 

 

6. Forest fires and their impacts in the Brazilian Amazon  

While substantial economic and ecological research has already been done on causes, risks and impacts of 

forest fires in the Amazon, our understanding of these and related phenomena is still highly incomplete. 

First, this concerns how forest fire occurrence is affected by, and affects, the forest cover in its geographical 

dimension. Secondly, the magnitude of losses resulting from forest fires are imprecisely known. Thirdly, 

deforestation interacts with forest fires via forest fragmentation and dryness. This leads to externality effects 

whereby initial forest losses induce an increase in fire frequency and severity, consuming more of the forest, 

serving as a multiplier on the initial loss. This factor also has implications for the value of preventing 

deforestation, which is magnified by resulting reductions in forest fire risk. 

Good models of fire spread have been developed at regional scales for the Amazon region. In the analysis 

in this project, the FISC (Fire Ignition, Spread and Carbon) spatially explicit model for forest fire occurrence 

and spread in the Amazon, developed earlier by the team at FUMG, is scaled up to the entire Brazilian 

Amazon. For this purpose, time-series maps of fire scars for case-study areas are used.  

We consider the direct impact of fires on forests, and the resulting gains from reducing and controlling 

fires. Considerations of impacts such as those on biodiversity, forestry rents, and carbon release, are then 

needed. 

A second and more demanding step is analysis of externalities related to fires with a localized forest 

structure. What matters most is how forest fire-induced losses are affected by hypothesized changes in 

forest cover. The following concerns then need to be emphasized. 

 

A second relevant model, developed also by the FUMG team in part for their use in this project, is EcoFire, 

which models the economic losses resulting from forest fires in the Brazilian Amazon. Both the FISC and 

EcoFire models are described in more detail in the background documents accessible on the platform 

website.  

 

The following spatially differentiated pages, related to forest fires and their impacts, are provided on the 

valuation platform: 

 

1. Simulated fire occurrence 

2. Simulated and observed fire scars 

3. Effective economic losses, current and inflated 

4. Potential economic losses 

5. Query pages on potential and effective economic losses 

6. Query page on total burnt area by municipality. 

 

In constructing the spatial maps found on the “fires” page of the platform, both the FISC and EcoFire 

models have played central roles. 

 



The FISC model is used to model prevalence of future forest fires, as can be found on the fire. 

 

From the platform maps, it is seen that most of the actual and future expected fire damage has occurred, 

and will occur, in the southern and south-eastern Amazon, much along the forest frontier where future 

deforestation is expected. Most fires are humanly induced, and are used in part to clear the forest for other 

activity. The modeling done in the platform shows where this risk is highest, and what the expected damages 

are for realistic risks which are not abated. Costs of fire are assessed to up to US$300/ha/year in exposed 

areas, or stock values up to many thousands of US$ per hectare affected.   

   

 

7. Average and marginal values of rainforests: Do they differ, and how? 

 

Cases where marginal values of the rainforest are smaller than average values 

 

Ideally, the objective of our mapping of forest values for the Brazilian Amazon ought to reflect “marginal” 

values in the following sense: What is the value loss, to the forest and overall to society, when a small part 

of the rainforest is lost? This concept may differ from the average value of the forest, found by simply 

accounting for the resources found in each part of it, and ascribing the deforestation impacts directly to 

particular parts within the forest. 

A challenge is then to distinguish fruitfully between “marginal” and “average” values of rainforests. Very 

often these two concepts differ, and the differences could go in either direction. 

In certain cases and in terms of certain impacts or value components, marginal forest value may be relatively 

small even when average value is high. I will provide two examples. 

The first is for biodiversity impacts and values. The concept of value we try to emphasize with the 

interactive valuation platform is essentially marginal, as indicated above. Creating a precise geographically 

differentiated map of such marginal values is however a virtually infeasible task. There are indications that 

the number of species extinctions that will follow from moderate rates of deforestation (say, 10-20% 

additionally in the current Amazon) could be small. Species losses from total deforestation of the Amazon 

would on the other hand likely be very large (the number is unknown but could reach the million range or 

more). One implication is that the rate of deforestation following from only marginal forest losses in the 

Amazon could be negligible; and are very difficult to assess. The estimation of likely extinction responses 

to more moderate deforestation rates is also very hard.  

The other example deals with the value of tourism and recreation in the Amazon. Tourism is unevenly 

distributed throughout the Amazon. Currently, the amount of tourism in the Brazilian Amazon is moderate, 

and small relative to the capacity of the forest to receive tourists. One may map the value of tourism today 

in geographical space across the biome. But is this relevant for our valuation purposes? Losing a small part 

of the forest, where tourism is currently taking place, need not damage tourism much overall in the Amazon 

region, since the activity may “migrate” to other parts of the area. This indicates strongly that the marginal 

loss of overall tourist activity, associated with a marginal loss of Amazon forest land, could be small, and 

likely smaller than the value of the tourist activity that was originally taking place on the deforested land. 

Cases that lead to marginal values greater than average values 

We will now consider cases where the marginal value of the rainforest, in the sense of the loss in value 

when a small amount of rainforest is lost, can exceed the average forest value. Forest fires can create such 

differences between average and marginal forest values, mainly via two mechanisms. 

 



Forest fragmentation and its interaction with forest fires. A focus on forest structure also leads to a 

greater interest in spatially-differentiated forest values to inform policy. A key idea here is that some forest 

loss is more detrimental than other loss because of where it occurs. Generally speaking, forest fires fragment 

the forest, and thus may a) disrupt forest services more widely (e g, because fragmented forests might be 

less effective as habitat for certain species, or may provide less water cycle regulation); and b) make the 

forests locally drier and more vulnerable to additional fire exposure and damage. Forest fires and their 

control then lead to geographically differentiated values of forest services. 

 

Impacts of forest fires on further forest losses due to increased fragmentation and dryness. Initial 

forest losses can trigger further losses through increased forest fire frequency, and increased forest dryness. 

It is well known that forest fire frequency and damage are greater for a fragmented forest than for a dense 

and connected forest, due to the so-called edge effect. An impact of forest loss on an initially non-

fragmented forest will then be to increase the propensity of fire (and losses from such fires) in the remaining 

forest; and also to increase overall forest dryness. The increased fire propensity then serves as a “multiplier” 

as additional forest is consumed, indirectly through additional fires, when a patch of forest is initially 

lost.  

 

In the paper referred to for this lecture (Strand 2017), this issue is analyzed. I refer here in particular 

to pages 324-326. 
 

An aim has been to parameterize the relative magnitude of such “multiplier” effects across the Brazilian 

Amazon biome, to assess the additional marginal losses impacted by forest fires; and thus also the additional 

marginal values of avoiding deforestation. This is not yet done, but we seek to pursue such differentiation 

in follow-up work. 

 

 

8. Stated-preference work in Brazil to elicit population preferences for Amazon rainforest 

protection 

As part of the Amazon rainforest valuation project, stated-preference (SP) work has been undertaken with 

the aim to elicit Brazilians’ own value of protecting their own rainforest. As part of our SP work under the 

project to date, 20 focus groups (FGs) have been carried out, and three pilot surveys (PSs) with altogether 

about 200 interviews (see Siikamäki and Strand 2017). All interviews have been done in 5 cities: Sao Paulo, 

Rio de Janeiro, Belem, Recife, and Curitiba. These FGs and PSs have served several purposes: a) to indicate 

the level of interest among ordinary Brazilians in protecting the Amazon rainforest; b) any indicative or 

approximate level of willingness to pay (WTP) to support particular programs for rainforest protection; c) 

the types of motivations for such support; d) specifically, whether the protection of biological resources 

constitutes one of these motivations and the strength of such motives; and e) as a preparation for a larger 

national SP survey in Brazil for the same purposes. 

Several indicative conclusions can be drawn. First, Brazilians have overall a keen interest in protecting their 

rainforests; it is a source of high pride, and several aspects of forest protection are given high priority. The 

most important reason to protect the Amazon among Brazilians appears to be (apart from forest losses as 

such) the perceived negative impacts of Amazon forest losses on the local and regional climate in South 

America, including higher risks of severe flooding and drought events, and higher temperatures. 

Considerations for protection of biodiversity seem to play a smaller role.  

To indicate average WTP among SP participants, consider (in one of the relevant choice experiments) a 

project which saves 20% of the rainforest by 2050, avoids 10% of species in the Amazon from being at 

“high risk” of extinction, and reduces the risk of severe flooding and droughts by 20%. The average level 

of expressed WTP for such a project was about 20 Reais/household/month. Our statistical analysis of this 



material shows that only a relatively small part of this WTP (about 3 Reais/hh/month) was related to the 

protection of species. 

We can try to translate this value to an economy-wide value per unit of saved forest, under certain 

assumptions. Assume that the pilot sample of 200 respondents from 5 cities is fully representative of the 

entire Brazilian population; and that the stated values can be portioned out proportionately to the presumed 

forest area saved under the alternative just considered above. Note then that 20% of the remaining Brazilian 

rainforest equals approximately 100 million hectares. With about 60 million households in Brazil, and an 

exchange rate of 3 Reais per US$, the stated WTP is equivalent to a total annual WTP among the Brazilian 

population, of $R14.4 billion per year, or US$4.8 billion per year. The expressed annual WTP/ha/year is 

then US$48. Assuming that Brazilians discount the future at a rate of 7% annually, this is equivalent to a 

forest asset value of about US$690/ha. Assuming alternatively a lower discount rate of 5%, the asset value 

is US$960/ha. 

To sum up our preliminary SP work, the situation seems to be that ordinary (urban) Brazilians at the outset 

do not have much of a relationship to the issue of valuing the Amazon’s biodiversity “for its own sake”. It 

is an unfamiliar issue. Most people have only a vague relationship with values that are not tangible; and the 

animals and plants in the Amazon are not tangible to them as most have not experienced them, nor know 

how to actually benefit from them. But as part of the interview process some of the participants are “waking 

up” to this and may start to understand e g that being able to leave the legacy of an intact set of organisms 

in the Amazon can be beneficial to both themselves and their own children. But it appears to be not 

something that comes naturally to them. 
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