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Abstract 

We explore whether economic growth, equity and conservation goals can be achieved 
simultaneously, in two biodiversity-rich landscapes. Our approach compares a „business as usual‟ 
scenario against a „green economies‟ scenario, to assess the contribution each scenario makes 
to economic development; equity (including poverty reduction); ecosystem service provision; 
biodiversity; and the sustainability of these outcomes. In the Atlantic Forest of Brazil we assess 
the economic impacts of ongoing efforts to recover a fragmented, degraded ecosystem in a 
densely populated area. In the wilderness region of Papua and Papua Barat, Indonesia, we 
explore the implications of different scenarios for timber and palm oil on growth and equity.  

 

Introduction 

The approach starts by identifying the various goals of different stakeholder and management 
groups (including government objectives). Goals may include maximizing economic growth; 
reducing poverty or improving equity; enhancing ecosystem services; conserving remaining 
biodiversity; and ensuring the sustainability of all of these outcomes. This paper proposes and 
tests practical methodologies for assessing the costs and benefits of a „Business as Usual‟ (BaU) 
scenario and a „Green Economy‟ scenario in two landscapes: the Atlantic Forest region of Brazil 
and the Papua and Papua Barat (PPB) provinces of Indonesia. Results are used to test the 
hypothesis that both economic development and conservation goals may be achieved in 
biodiversity-rich landscapes, even where there are strong economic pressures. Additional 
analysis is required to examine the impacts of the two scenarios on equity, biodiversity and 
sustainability. This approach is shown graphically in figure 1. 

Figure 1: The Green Economies approach 

 

Nature is often considered a "factory free of charge" (Dasgupta, 2001), manufacturing the 
products and ecosystem services (ES) on which we depend on a daily basis without cost. This 
problem is compounded by the fact that the globally accepted indicators of growth and 
development, such as GDP and Human Development Index (United Nations, 1990) are not true 
economic indicators of development in the sense that they do not properly account for the natural 
resource base from which many products are generated; and nor do they account for the benefits 
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of ES to the broader society. Development decision-makers have often resisted considering how 
natural capital (and the ecosystem services generated by that capital) are being used (and often 
degraded) – perhaps because such considerations are often perceived to delay economic growth. 
It is precisely this “tension” between development and environmental goals that makes the quest 
for sustainability so elusive.  

This tension can be addressed through identifying situations where conservation and the 
sustainable use of natural resources can be a viable development strategy, quantifying the values 
of natural capital, and generating information to inform decision-makers. Ultimately, the objective 
of this work is to enable regional and national governments to maximize the benefits

1
 from their 

land and resource base, subject to the spatial and ecological threshold constraints of biodiversity 
and natural capital. This could be termed the pursuit of a „green economy‟. 

In reality, achieving a green economy trajectory will require much more beyond simply correcting 
economic incentives. Practical implementation through building institutions is arguably even more 
critical, along with strengthening capacity and knowledge of these issues, amending policy and 
working more holistically with a range of sectors, including development NGOs and the 
productive sectors of the economy.  

Figure 2 shows the two areas chosen to test this approach. 

Figure 2: (a) The Atlantic Forest of Brazil,  
(b) Papua province, showing forest concession areas 

 

Methodology  

The centerpiece of the analysis is an „extended cost-benefit analysis‟ that incorporates both 
financial returns and ES impacts, to generate more comprehensive versions of standard 
assessment measures such as Internal Rate of Return (IRR), Net Present Value (NPV) and 
Discounted Payback Period (DPP). These measures allow us to compare the merits of the Green 
Economy scenario to the BaU scenario. 

We project how the landscape will develop over a 20-year time horizon and the resulting costs 
and benefits to the regional economy and the natural environment. Rather than attempting to 
project the BaU and Green Economy scenarios in full, it is more pragmatic to identify tangible 

                                                 
1
 „Benefits‟ includes not only monetary returns, but also ecosystem service flows, and less tangible benefits 

such as reductions in natural hazard risks and non-use values. 
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differences between the two scenarios and to project the impacts of these differences over time. 
We term these differences the „green economy initiatives‟. 

We employed a discount rate of 12% p.a. (and also carried out sensitivity analysis on this).  

The first steps were to define the geographic boundaries of the two analyses, assess the 
activities and sectors active in each location, and identify the primary objectives of the major 
decision-makers in each location. A literature review was conducted and a thorough search was 
made for available data. This concentrated on spatially-explicit data where possible (at the 
municipality scale for the Atlantic Forest and at the district scale for Papua and Papua Barat). 
Information was then gathered on the projected trends for each region, such as government 
agency planning documents and projections of crop expansions.  

As the Atlantic Forest is a highly heterogeneous area, we concentrated our economic analysis on 
a sub-region. The study area definition is: “Municipalities within Bahia, Minas Gerais, and Espirito 
Santo states that also fall within the Atlantic Forest Law definition of the Atlantic Forest”.  

This study was not designed to be a comprehensive analysis of the overall economy in Atlantic 
Forest or in Papua and Papua Barat (PPB). Rather, we focus on distinct green initiatives in each 
region, highlighting the impacts of these initiatives on the current economic trajectory and their 
role in improving and/or maintaining ecological health.  

Both landscapes are biodiversity-rich, but exhibit vastly different ecological and socio-economic 
characteristics. The Atlantic Forest region is a highly fragmented hotspot with less than 10% of its 
natural vegetation and forests remaining. It is home to over 150 million people, including the 
major urban centers of São Paulo and Rio de Janeiro, as well as major agricultural production 
areas. PPB, on the other hand, is a wilderness region of about 40 million hectares with over 80% 
of its natural forests intact. It contains only approximately 2.5 million people and has some of the 
highest poverty rates for the whole of Indonesia.  

As such, the green initiatives studied here reflect their context; the initiatives in Atlantic Forest 
relate to reforestation and the conservation of patches of natural habitat. Those in PPB relate to 
the generation and distribution of local revenues and the maintenance of existing natural forests: 

Business-as-Usual Green Economy 

Atlantic Forest 

A. No change in current level of 
compliance with Brazilian Forest Code. 
The Code requires forest cover on: 

 Rivers, steep slopes, top of mountains 

 Properties must have 20% forest cover 

Pacto para a Restauração da Mata Atlantica 
project succeeds in reforesting 15 million ha, 
resulting in the Forest Code being enforced. 

B.  Maintain current Protected Area (PA) 
network 

Expanded PA network; 22 new and expanded 
PAs in Southern Bahia. Project led by CI 
Brazil, funded by Global Conservation Fund. 

 Papua and Papua Barat (PPB) 

A. Anticipated expansion of oil palm 
plantations: around 2 million ha across 
Papua 

50% of oil palm plantations are managed in 
smallholdings owned by communities (based 
on the provincial RESPEK policy, which 
outlines targets for equitable and grassroots 
development) 

B. No change in current extent of active 
forest concessions 

50% of active forest concessions are 
managed for REDD revenues 

Table 1: The ‘green initiatives’ studied in the two regions 
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The costs and benefits of the two scenarios were valued as follows: 

 Carbon storage and sequestration: In PPB, the two scenarios explicitly state how much 
forest will be deforested. Deforestation rates for the region are difficult to obtain. The rate of 
loss of primary forest for neighboring Papua New Guinea has been 0.95% annually from 
1990-2005 (FAO, 2005). An analysis based on provincial data on forestry production and 
revenues in PPB suggests that a very similar deforestation rate from logging concessions 
from 2000-2005. We assume that the REDD mechanism will eliminate deforestation in the 
concessions.  
 
The PA expansion in the Atlantic Forest was assumed to reduce deforestation rates to one 
quarter of their historical levels within the proposed PA areas. Both of these were quantified 
by obtaining data on the quantity of carbon stored per hectare of standing forest (Brown 
1997 & Tiepolo et al., 2002) and multiplying this by the number of hectares of forest 
projected to remain in each future year, to obtain the projected tons of carbon stored in 
each future year. This was then valued at $7/ton (the average price obtained in current 
REDD

2
-style projects). This assumes that the ecosystem managers are able to implement 

a REDD-style mechanism in their location. Sensitivity testing was carried out to investigate 
the impact on results if the price of REDD credits were to increase from 2012 onwards, as 
part of a post-Kyoto treaty. 
 
The Pacto project in the Atlantic Forest aims to reforest 15 million hectares by 2050. We 
assume that this will be split evenly over the years 2009 to 2050. The carbon benefit was 
quantified by applying data on the quantity of carbon sequestered per hectare of growing 
forest (Conservation International, 2009) to obtain the projected tons of carbon sequestered 
in each year. This was then valued at $9/ton (the average price obtained in current Clean 
Development Mechanism-style reforestation projects). Sensitivity testing was again carried 
out. 
 

 Local residents’ Willingness to Pay (WTP) for PAs: A study of São Paulo residents 
(Adams et al., 2008), found they were willing to pay an additional seven million Reais 
(through their water bills) to fund a single nearby PA, Morro do Diablo. Their motivations 
included fauna/green areas, air quality, leisure, health, quality of life, water, preservation for 
future generations, ecological balance, and future research. This value therefore includes 
both use values such as recreation and water provision, and non-use values such as 
preservation for future generations. We apply a benefits transfer approach, assuming that 
the residents our study area hold the same WTP as residents of São Paulo. We further 
assume that WTP for the suite of 22 new PAs is the same as WTP for a single PA, due to 
the embedding effect (see e.g. Diamond and Hausman, 1994). This assumption is 
expected to produce a conservative result. It should be noted that there is considerable 
uncertainty around the magnitude of the WTP value. 

 Other land uses / opportunity costs: In PPB, we estimated the economic returns from oil 
palm (distinguishing between large-scale industrial operations and community owned 
smallholdings), and from timber concessions.  

The growing demand for biofuels and palm oil has led to an influx of Indonesian and foreign 
investments for expansion of two to four million ha over the next ten years (Pratama, 2009). 
Data on oil palm financials were obtained from a variety of studies carried out in Papua and 
various parts of Indonesia (Butler et al., 2009; Meizlish et al., 2007; Hasnah et al., 2004; 
Papenfus, 2003). A discounted cashflow model was developed to assess plantation costs 
and crude palm oil yields over a 20 year time period, assuming that the expansion of two 
million hectares is split evenly from 2010-2014. We assume that crude palm oil yield is sold 
at the current market price of $700 per ton across the 20 years.  

                                                 
2
 Reduced Emissions from Deforestation and Degradation 
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Approximately 6.5 million hectares of forest concessions have been granted across PPB. 
Only about 30% of those are active concessions with harvesting activity. While concession 
requirements typically include preparing environmental impact assessments and forest 
management / monitoring plans, logging practices typically result in over-exploitation and 
loss of the forest structure. Inventories of harvested areas in Papua found that 58% of the 
remaining trees with diameters of 20 cm or larger were damaged, compromising the ability 
of the forest to recover and provide sustainable yields of timber (Tokede et al., 2005). The 
profitability of “unsustainable” timber production was estimated to be approximately 
$1,400/ha (a one-off value), not incorporating reforestation, reduced impact logging 
methods and management costs (Meizlish et al., 2007).  
 
In Brazil, we obtained production quantity, value and area data on around 100 different 
rural land-uses, including agricultural crops, forest products and livestock. Profitability 
estimates were derived by applying a 15% profit margin to the value data (Stern Review, 
2007). For cattle ranching, we assumed a return of $22.06/ha, based on Grieg-Gran 
(2008)3.  
 
A weighted average of the profits derived for a given hectare of productive land was 
derived from the results for the six most important land uses. This was applied to our 
estimates of the number of hectares of productive land that was lost in the Green 
Economies scenario compared to the BaU. In Brazil we also factored in the one-off value of 
the timber generated when the area is deforested ($251/ha: Grieg-Gran, 2008). Based on 
data on the area to be reforested by Pacto in different categories (steep slopes, riparian 
strips, mountain tops, and land of low agricultural suitability), we assume that only 45% of 
the restored land would have been in production in any case. 
 

 Management costs: Data was collected on the implementation costs of the green 
economy initiatives, including project costs and standard IPCC estimates of the costs of 
setting up and managing REDD projects (Pinto, 2008; Eggleston et al., 2006; World Bank‟s 
Forest Carbon Partnership Facility, www.carbonfinance.org).  

 Jobs & economic activity created: When considering the overall impact on the local 
economy, we also include the jobs created by the project spending (both set-up and 
operational costs) and also the local economic activity created by this spending. We 
assume 5% leakage. We ignore multiplier effects. This is again expected to produce a 
conservative result. 

As well as considering the impacts on economic growth, we are also interested in the distribution 
of benefits: Are the benefits realized within the country/region of assessment or not? Who 
benefits? What are the impacts on poverty and inequity?  

In PPB, we estimated the flow of revenues to local government based on the local tax rates for 
agricultural and forestry sectors, and also estimated the proportion of benefits that stay within the 
local economy based on the two scenarios. In Brazil, we present results at three scales: (i) the 
costs and benefits of each project; (ii) the impacts on the local economy; (iii) the impacts on 
global welfare. We also obtained data on the Human Development Index and mapped results 
against this distribution. 

Spatially explicit results have been derived where possible, to understand and visualize patterns 
of land use. In some cases, particularly in highly fragmented landscapes, it may be appropriate 
(and highly important) for the preferred spatial patterns of land uses to be determined by scarce 
biodiversity and ES flows. In landscapes where „wilderness‟ characteristics still remain, this may 

                                                 
3
 Taking the average of the author‟s figures for „Beef cattle medium/large‟ and „Beef cattle small‟ for Brazil 

and converting to an annual value. 

http://www.carbonfinance.org/
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be less critical, given that there may be more spatial flexibility and options for biodiversity and 
ecological processes.  

Results: The Atlantic Forest of Brazil 

Pacto aims to reforest 7.6 million ha within our study area, equivalent to 184,000 ha / year. The 
NPV of this benefit is $534 million ($64.37/ha reforested). The historical deforestation rate for 
Bahia in 2000-2005 was 0.44% p.a. (Fundação SOS Mata Atlântica (2008). The projected rate 
within the new PAs is 0.11% p.a. (starting from 2012, once the PAs are established); 

The total population of the study area is 31.3 million people. Applying the WTP per person from 
São Paulo gives an estimate of $10.7 million p.a. for PAs in the study area; 

There are also expected to be other benefits from Pacto, including reducing erosion and land-
slides; regulating water quality; and providing habitat for biodiversity, resulting in existence value 
and option value. It has not been possible to quantify these benefits. The PA expansion is also 
likely to have a significant tourism benefit. Some of this may be captured in the WTP results 
above; there may also be additional benefit from international tourism as well. This may be 
substantial; it is estimated that in 2005, ecotourism will be worth $10.8 billion in Brazil (Embratur, 
2002); 

The most important alternative rural land uses in the study area are cattle ranching ($1,003 
million profits); coffee ($841 million); corn ($263 million); soybean ($254 million); sugar cane 
($218 million); and eucalyptus ($208 million). The profits derived from a given area of productive 
land in the study area averages to $50.78/ha. 

High management costs are required to implement the Green Economies scenario. Reforestation 
is estimated to cost at least $2,600/ha (although this may reduce over time, with technological 
advances and economies of scale), equating to an NPV of $3,581 million ($2,364/ha restored). 
This clearly outweighs the carbon benefits provided by the project; and probably any water or 
erosion benefits as well. The PAs expansion is expected to be less expensive. Recurrent 
management costs are estimated at $7.43/ha/yr, as this is the average budget per hectare 
currently assigned to Brazil‟s PA system (Atlantic Forest Protected Area Initiative Financial 
Strategy, 2008). 

Key results from the Atlantic Forest study include: 

 Carbon benefits exceed the opportunity costs (revenues from alternative land uses and 
timber), for both Pacto and the PAs expansion; 

 Once WTP values and other non-quantifiable values are taken into account (water, erosion, 
tourism, biodiversity etc.), the returns on land are significantly higher in the green 
economies scenario than in the BaU; 

 This comparison ignores the management costs, which substantially exceed the scale of 
the above benefits for Pacto. This also makes the PAs expansion project appear somewhat 
marginal on a cost-benefits assessment basis; 

 Most of this spending will stay within the region, creating jobs & economic activity. Taking 
this into account, we find that both projects would have a positive impact on the local 
economy. This conclusion is sensitive to the assumption that 95% of the spending is 
recouped in this way. As we ignored multiplier effects, we believe this to be a conservative 
approach; 

 Related to the above, management costs – and the jobs and local economic activity 
created by this spending – are the largest components of both the costs and benefits of 
Pacto. Pacto may be best regarded as an „economic stimulus package‟, with major job 
creation benefits. The carbon, water, erosion and biodiversity benefits are then additional 
bonuses to implementing the program; 
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 From a global perspective, considering the overall welfare costs and benefits to society of 
these initiatives, we find that both initiatives are clearly beneficial. The benefits are higher 
here than when considering the local economy‟s perspective, for three reasons: 

 The carbon benefit is valued according to estimates of the total welfare impact of the 
carbon emissions, whether or not these are monetized through a market mechanism. 
We use a shadow price of carbon (Defra, 2007); the shadow price is estimated at 
$28.43 in 2009, increasing at 2% p.a. in real terms. This increases the value of the 
carbon benefit several times; 

 The WTP of residents for the PA expansion is included, even though this is not realized 
in monetary terms; and 

 Leakage is ignored.  

 

Results: Papua and Papua Barat (PPB), Indonesia 

The green scenarios in the Papua and Papua Barat (PPB) case study are largely tied to the 
Governors of PPB‟s vision for a “New Deal Development Plan” that emerged in 2007. Both 
Governors have expressed visions for development that are driven by the Millennium 
Development principles of equity, participation and sustainability.  

Interest is also very high in the actualization of investments, and in economic incentives that 
enable the maintenance of the ecological health of the natural resource base in this forest-rich 
region. Given high uncertainty surrounding the eligibility of carbon credits in this high-forest low 
deforestation (HFLD) region, we assume a Green Economy scenario of setting 50% of currently 
active forest concessions to voluntary credits at $7 per ton CO2. We also carry out sensitivity 
analyses to account for various scenarios post-2012, when new rules for the next climate protocol 
takes hold.  

The flows of investment for oil palm in PPB suggests an expansion of between one to five million 
hectares of additional oil palm over the next ten years (Pratama, 2009). Different sources provide 
widely varying estimates of investment flows, of between US$ two to five billion from Indonesian 
and foreign business conglomerates. Despite the uncertainty in these figures, it is clear that oil 
palm will be a central driver of economic development in the PPB, based on information gleaned 
from plans being developed at the Indonesia Investment Coordinating Board (BPKM) and mid-
term provincial government plans (2006-2011).  

We assume a modest expansion of two million hectares in the BaU scenario, spread equally 
across five years, from 2010-2014. Development in the PPB provinces over the past few decades 
has had a mixed record, with problems tied to indigenous rights, unequal distribution of benefits, 
and top-down decision-making process that ignore local traditional ownership over land and 
resources. In the Green Economy scenario, we adopted the tenets of local grassroots 
development in the RESPEK policy (issued in 2007) and assume that 50% of oil palm expansion 
will be tied to community-owner smallholdings. 

Results from the PPB study include: 

 Carbon benefits appear to be competitive in comparison with revenues from unsustainable 
logging practices; 

 Carbon benefits cannot compete with the higher oil palm revenues, whether from industrial 
plantations or smallholdings; 

 However, while carbon benefits appear to be a powerful incentive for maintaining natural 
forests (relative to logging), the mechanisms and policies for the distribution of these 
benefits are still uncertain. Mechanisms that do not foster equitable distribution across the 
different levels of government and local communities will create a high barrier for 
implementation of such incentives;   
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 Oil palm smallholdings are less profitable than industrial plantations. If we consider the 
distribution of revenues, then smallholdings appear a considerably more attractive option, 
as more revenues will be retained in region relative to the outflow of revenues from 
industrial plantations which are largely owned by parties outside of PPB; and 

 From the perspective of the local governments, differences in revenue streams into the two 
provincial government coffers are negligible between the BaU and Green Economy 
scenarios. The case is more varied and complex at the level of district governments, as 
certain districts are likely to be more targeted for oil palm expansion due to accessibility 
and biophysical factors.  

 

Discussion 

Results from the two case studies show interesting commonalities, despite their differences in 
ecological and socioeconomic context. In both cases, the economic analysis can:  

1. Provide information to influence policy, encourage the incorporation of sustainability criteria 
within development objectives, and generate understanding of the costs, benefits and 
trade-offs. This includes consideration of benefits that are not normally manifested in 
monetary terms. In both cases, the value of the land uses proposed under the Green 
Economy exceed the value of the land uses under the BaU, with the exception of oil palm 
revenues in PPB; 

2. Assess the magnitude of the management costs relative to the benefits obtained. These 
can be large; for example, restoration activities in the Atlantic Forest require costs several 
times greater than the resulting ecosystem service benefits. In such cases, arguments may 
be made around the jobs and local economic activity created by this spending, and its 
ability to reach remote areas that traditional economic stimulus activities cannot reach. 
Highlight that innovative funding mechanisms are needed to fund the implementation of 
green economy initiatives; 

3. Improve our understanding of which groups gain and which lose out from different policy 
alternatives, including consideration of the costs and benefits at different scales. Explore 
issues related to equity and distribution in economic development. Guide the development 
of mechanisms for benefits to be realized by local communities (e.g. the carbon storage of 
a rainforest benefits the global community, but does not provide income to local 
communities unless a suitable market mechanism is implemented);  

4. In particular, it is vital to consider the extent to which benefits are retained within the scope 
of the decision-makers‟ interests. In PPB, allowing for the extent to which oil palm revenues 
are retained in region changes the decision on which strategy to pursue. In the Atlantic 
Forest, the extent to which project spending generates jobs and economic activity within 
the study region is the crucial factor in determining whether the project is beneficial or not; 
and  

5. Directly compare the conventional growth trajectory against the Green Economy scenario 
to highlight their relative merits in terms of economic growth, equity, ecosystem services 
(realized and unrealized), and risks, resilience and sustainability considerations. 
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