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Abstract: The REDD (Reducing Emissions from Deforestation and Forest Degradation)
mechanism allows carbon sinks to be used as carbon credits in order to offset emissions from
other sources. However, this practice has raised a number of issues relating to financial
incentives. In this study, we develop a spatially explicit model for predicting carbon
emissions from deforestation that meet baseline levels as well as farmers’ opportunity costs
(measured in US dollars per ton of CO2e) under three temporal scenarios with several
potential discount rates for agricultural income. Additionally, we use two different
accounting methods recommended by the Intergovernmental Panel on Climate Change
(IPCC), including the average storage method and the “ton-year approach,” to evaluate
emissions reductions. We find that farmers are more likely to prefer REDD in the short-run
when discount rates are higher than 10%. However, further analysis indicates that
opportunity costs would increase significantly over longer periods of time (middle-term
schemes of 35 years or long-term schemes of 55 years), thereby dissuading farmers from
choosing REDD. Our findings highlight the drawbacks in using REDD to mitigate global
climate change and conserve forests based on farmers’ financial incentives.
Keywords: REDD; carbon emissions; opportunity costs; discount rate
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1. Introduction
Tropical forests play a significant role in the global carbon budget [1–3] because they contain as much
carbon in their vegetation and soils as all temperate-zone and boreal forests combined. The Fifth
Assessment Report (AR5) from the International Panel on Climate Change (IPCC) now estimates that
emissions from forestry may constitute less than 10% of total emissions, which is significantly less than
their former estimate of 17.4% [4,5]. Conversely, CO2 emitted from land use, land use change, and
forestry activities (LULUCF) constitutes approximately one-third of developing countries’ total
emissions [6]. The country with the largest volume of emissions from land use change is Indonesia,
which emits 34% of the global total [7]. The Kyoto Protocol (which is widely regarded as the first step
toward a truly global emission reduction regime that would stabilize greenhouse gas (GHG)
concentrations) did not address the clearing of forests for plantations (such as oil palm, rubber, and
cacao), despite the fact that it is the main source of released carbon from land use change. Such failures
to address tropical forests and their deforestation in international emissions reduction schemes may be
hindering efforts to mitigate global climate change. This concern was addressed during the 15th
Conference of the Parties (COP15) at the 2009 United Nations Climate Change Conference in
Copenhagen, where the parties agreed upon a program focused on reducing emissions from deforestation
and forest degradation (REDD) in developing countries through positive incentives. The COP16 in
Cancun, yielded an agreement further addressing REDD that is expected to revitalize the program by
increasing funding readiness and invigorating donor pledges, which now amount to nearly US$5 billion.
The general consensus at Doha in 2012, was that there had been mixed results regarding the financing,
safeguards, measurement, reporting, and verification of REDD; in fact, it was widely recognized that the
only significant progress that had been made had been in the field of reference level technology. In the
COP19 in 2013, a package of decisions were made (termed “The Warsaw Framework”) on the
UN-backed scheme that aimed to reduce emissions from deforestation and forest degradation, thereby
completing the Cancun agreements. The Warsaw Framework emphasized that financing, which is one
of the most fundamental challenges to REDD, should be “results-based” and that developing countries
should obtain financing from funding agencies, such as the Green Climate Fund, or other sources.
Another issue that has been hotly debated in previous conferences is the measurement, reporting, and
verification (MRV) of forest reference levels (defined as expected or business-as-usual, year-over-year
emissions from deforestation and forest degradation in the absence of additional reduction efforts).
The Warsaw Framework formalized this process because the COP realized that verification is vital to
incentive-based funding.
A typical REDD proposal seeks to reduce GHG emissions and support sustainable development while
minimizing costs [8,9]. REDD payments are granted so that recipients may create a development
mechanism that will slow deforestation and promote sustainable forest management, ultimately reducing
carbon emissions and improving ecosystem services. Although details regarding the manner in which a
REDD mechanism might be incorporated have yet to be decided, there are some basic components that
will undoubtedly be incorporated in the final mechanism; these include carbon accounting, baselines,
emission reduction strategies, monitoring, verification, and the funding for emission reductions. Various
actors are involved in either the implementation, policy-making, or financial aspects of each of these
processes (Figure 1) [10].
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Figure 1. Mechanisms and actors involved in reducing emissions from deforestation and
forest degradation (REDD).
Costs, which vary based on the approach used and the types of costs considered, play a key role in
REDD. Generally speaking, REDD costs may be classified into five categories including opportunity,
implementation, administrative, transaction, and stabilization costs [11]. Among these, opportunity costs
are usually the single most important and the largest component of total costs. Thus, in order to develop
policy priorities and enter into REDD agreements, it is necessary to acquire information on these costs
at a local level. The general process for estimating opportunity costs involves three main steps:
(I) identifying and mapping the areas at risk of being deforested or degraded and the land uses that are
most likely to replace them; (II) estimating the returns to both forest areas and alternative land uses as
well as the carbon stock for each (to whatever extent possible, other benefits should be measured as
well); (III) using these data to make opportunity cost and carbon emissions projections under alternative
scenarios [11].
Analyzing opportunity costs would provide insight into the drivers and causes of deforestation,
identify REDD’s potential effects on different social groups, help estimate forest owner’s compensation
for changing their land use, and improve estimates of the other REDD costs [12–14]. The Warsaw
Framework in COP 19 grants to national governments the decision on dealing directly or indirectly with
such costs, through projects, programs or other mechanisms. Consequently, we believe that our work
on this subject will be particularly useful to national policy makers in their implementation of
REDD projects.
There are four methods that have been used to the estimate the opportunity costs of land usage [15,16]:
(I)
(II)
(III)

Local/micro-level empirical data estimates: these are based on empirical data, are region
specific, and reflect local conditions and costs.
Generic or average production cost estimates: are calculated using data from other countries.
Land price estimates: reflect the discounted stream of returns from the most productive use
of land.
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Global partial equilibrium model estimates: simulate relevant parts of the world economy
(including the forest, agriculture, and energy sectors) to estimate supply curves for
emissions reductions.

Gregersen et al. [12] presented six main drawbacks to these methods: they have difficulty accounting
for illegal activities; they do not adequately account for the payments needed to halt deforestation; the
analyses are not carried out in well-functioning market systems; prices are likely to be set by the carbon
offset markets rather than various forest owners’ and users’ opportunity costs; the estimates are
dependent upon the approach used; and they fail to account for the dynamics of opportunity costs.
Table 1 summarizes a range of estimates of REDD opportunity costs based on different sources and
methodologies. The estimation approach utilized in this study is similar to that presented in the Stern
Review and those of global partial equilibrium models of the forest sector.
Table 1. REDD opportunity costs from different sources ($/ton CO2e).
Research Area
Global
Global
Tanzania
Indonesia
Indonesia
Indonesia
Brazil

Average
12.32
5.52
10.5
21.65
3.15
13.45
9.1

High
17.86
8.28
12
33.44
4.66
19.24
11.5

Low
6.77
2.76
9
9.85
1.63
7.66
6.7

Source
Boucher [16]
Stern [17]
Tom Blomley and Timm Tennigkeit [18]
Venter et al. [19]
Venter et al. [19]
Butler et al. [20]
IIED [21]

Schlamadinger and Marland [22] have indicated that sequestering carbon in the biosphere might be
different from reducing GHG emissions from fossil fuels in one fundamental way; the carbon in sinks
within the biosphere may not remain there. Carbon sinks, which result from the discontinuation of
forestry activities, may act over only short periods of time, and consequently, these sinks do not provide
the same long-term benefits as the abatement of GHG emissions. Several approaches have been
suggested that treat carbon sinks in much the same way as the sequestration effect of fossil fuels [23–28].
Therefore, opportunity cost estimations could be influenced by the choice of these approaches. As such,
for this study, we developed a spatially explicit model to predict the carbon emissions from deforestation
that meet baseline levels as well as farmers’ opportunity costs (measured in US dollars per ton of CO2e)
under three temporal scenarios with several potential discount rates for agricultural income. We also
used two accounting methods recommended by the Intergovernmental Panel on Climate Change (IPCC):
(I) the average storage method and (II) the “ton-year approach.” We then conducted a case study on
Central Kalimantan, Indonesia where we evaluated farmers’ financial incentives for participating
in REDD.
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2. Methods
2.1. Baseline Modeling
A REDD “baseline” is defined as “an expected, or business-as-usual (BAU), emission of CO2e
(greenhouse gases measured as equivalent units of carbon dioxide) from deforestation and forest
degradation in the absence of additional efforts to curb such emissions” [29]. Such baselines are critical
for assessing an emission reduction operation as well as for negotiating meaningful targets. Therefore,
one of the key tasks of REDD is to determine feasible, transparent, and sound deforestation emission
baselines and accounting rules [30].
In this study, the baseline was calculated by combining the BAU scenario with a bookkeeping
carbon-cycle model. An improved cellular automaton (ICA) system, in which a cell in a regular grid
changes to a finite number of possible states according to a local interaction rule [31,32], was utilized to
predict land use changes. Cellular automaton models have proven to be quite useful due to their
operationality, simplicity, and ability to embody both logic- and mathematics-based transition rules, thus
enabling complex patterns to emerge directly from the application of simple local rules. These models
provide powerful simulation environments that are represented by a grid of spaces (or a raster) in which
the consequences of trends and policy interventions are depicted with dynamic year-by-year land use
maps. In this study, the process of land use transition within a cell was determined by six factors:
(1) State of each cell as represented by spatial variables (e.g., the various land use types).
(2) Probability of land conversion.
(3) Physical suitability, which describes the degree to which the cell was suitable for use as a
plantation based on its elevation, slope, aspect, and soil type.
(4) Spatial constraints that prohibit the cell from being converted to certain land use types, which
assures that deforestation does not occur in certain prohibited areas.
(5) Accessibility, which describes the ease with which a plantation can fulfill the cell’s needs for
transportation and mobility given the underlying transportation system (e.g., distances to rivers,
roads, and villages).
(6) Each cell’s neighborhood, which represents the impact of land use from all cells surrounding the
focal cell. The Moore neighborhood was adopted in this study and eight neighbors were used.
ICA requires validation within a neighborhood context because even maps that do not precisely match
on a cell-by-cell basis could still present similar spatial patterns and agreements within the vicinity of
certain cells. In order to address this issue, we adjusted the weights of all of the spatial interaction rules
according to reliable historical land use data [33,34]. The calibration procedure was conducted in two
steps: First, overall dynamics, system-wide features, and land use patterns were verified. Next, we
fine-tuned the information in order to acquire as much spatial detail and pattern similarity as possible at
the cellular level [35]. In order to validate our results, we utilized Kappa statistics as goodness-of-fit
measures so as to compare the simulated and actual maps.
The estimation of carbon emissions from deforestation activities, which is based on a bookkeeping
carbon-cycle model, is similar to the process-based approach recommended by the IPCC [36]. The model
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tracks year-to-year changes in carbon stocks due to deforestation, forest regeneration, permanent
clearing of forests, and forest decay [37–40].
In this study, carbon fluxes caused by tropical deforestation were allocated into three different carbon
pools [40]: (I) the immediate release of carbon into the atmosphere from plant material as it was burned,
including biomass from deforestation and biomass from cleared secondary vegetation at the time of
clearing, (II) the slower release of carbon from the decay of slash, product, and elemental carbon pools,
and (III) the accumulation of carbon during regrowth. The net carbon fluxes were calculated as the sum
of the individual fluxes according to the following equation:

C f , net (t )  C f ,burn (t )  C f ,decay (t )  C f ,regrowth (t )

(1)

where t represents the year; Cf,net(t) is the total carbon flux; Cf,burn(t) is the carbon flux from instantaneous
burning; Cf,decay(t) is carbon flux from the decay of product, slash, and elemental carbon pools; and
Cf,regrowth(t) is carbon flux caused by plant regrowth. Here, Cf,decay(t) can be calculated as:
C f , decay (t )   slash C slash (t  1)   prod C prod (t  1)  elem C elem (t  1)

(2)

and Cf,burn(t) can be calculated as:

C f ,burn (t )  Bioclear (t ) f burn

(3)

Joeni’s [41] biomass values, which were obtained from in situ forest inventories and permanent
sampling plots, were selected as our initial values. We also assumed that (I) the fraction of the initial
carbon in the slash, product, and elemental carbon pools decayed at a rate of 10%, 10%, and 0.1%,
respectively; (2) secondary vegetation accounted for 20% of the total forest area, and that
(3) regenerating forests recovered 30% of their original biomass in 25 years and another 10% over the
next 50 years. Figure 2 shows carbon fluxes per unit in the book-keeping carbon cycle model.

Figure 2. Carbon fluxes per unit in the book-keeping carbon cycle model.
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2.2. Opportunity Costs
The key objective for any project under REDD is to determine the expected cost per-unit of averted
GHG emissions (i.e., the opportunity cost). We used the following equation to calculate the opportunity
cost, which was measured in dollars per ton of CO2e emissions avoided:

Opportuniycos ts  NPV / Carbonemissionss

(4)

where NPV represents the net present value of agricultural income. NPV must be calculated in order to
determine the sum of all future benefits in today’s terms. In this study, NPV was calculated based on
revenue from four main sources: (I) logging (one-time), (II) rice cultivation, (III) rubber plantations, and
(IV) oil palm plantations. The NPV of the community’s total revenue was calculated as [42,43]:
T

t

T

t

T

t

NPV  V1   s  (1 /(1   ))  Vs   g  (1 /(1   ))  Vg   p  (1 /(1   ))  V p
t 0

t 0

t 0

(5)

where T is the forest protection commitment period; V1, Vs, Vg, and Vp are the net revenues per hectare
of logging, rice cultivation, rubber plantations, and oil palm plantations, respectively; γ is the discount
rate; and θs, θg, and θp are the ratios of rice cultivation, rubber plantations, and oil palm plantations to
the total area of expanding agricultural land. Vs took into account the sum of all rice produced by
individual farmers, the price of rice, labor costs of rice production, and the total agricultural land
dedicated to rice production. Vg was calculated in a similar fashion. Vp was obtained using Fairhurst and
McLaughlin’s [44] cash flow model and a crude palm oil (CPO) price of US$500 USD/ton, which is
close to the present and long-term discounted prices. Fairhurst and McLaughlin [44] estimated planting
and operating costs by interviewing financial and management staff at seven estates in Kalimantan. In
this model, harvest, transport, and factory processing, as well as all committed overhead costs (e.g., farm,
factory, and general costs) were taken directly from one of the estates visited.
We assumed that the rubber yield would increase in the 11th year of planting and that oil palm yield
would increase in both the third and 10th years (which is when palm trees reach maturity, though they
decrease slightly around their 25th year). Table 2 lists all of the parameters, descriptions, and values
used in estimating agricultural revenue.
The discount rate, which is a measure of time preference, was used to “convert” future cash flows
into present values. Consequently, a higher discount rate translated to lower future REDD benefits. If a
REDD project were to have a long payback period, the discount rate would significantly influence the
present value of future profits, and as a result, the NPV. The discount rate varies from region to region
because it depends on interest and inflation rates as well as on the risks of the REDD project (as they are
perceived by the investors and held constant over time). Smith [45] suggested that the choice of discount
rate depends on whether (I) the policy question is marginal or non-marginal (when a policy problem is
non-marginal, welfare economics must directly compare the different paths’ present welfare values,
which are calculated using the discount rate that is consistent with each path, given its consumption
growth rate); (II) social or private preferences are considered (the private discount rate invariably
exceeds social discount rates because society places greater value on the welfare of future generations
than individuals do); and (III) the country is developed or developing (in developing countries, the
discount rate should be higher as the present generation can be expected to be significantly poorer than
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future ones, whereas the generational gap in welfare is more limited in developed countries). It has been
suggested that, in developing countries, the discount rate could be as high as 10%–12% as compared to
4% in developed countries [46]. Sathaye et al. [47] applied a discount rate of 12%–19% for short rotation
forestry in Africa and Latin America. On the other hand, Hunt [48] proposed a sustainable discount rate
of 8% for the least developed countries, and Camino et al. [49] used rates ranging from 4% to 16% for
teak in Central America. Based on these studies, we used three reasonable discount rate scenarios: 2.5%,
5%, and 10%. These scenarios were combined with three REDD project durations, including 15-year,
25-year, and 55-year time spans, in order to examine the effects of opportunity costs on REDD.
Table 2. Parameters, descriptions, and values used in estimating agricultural revenue.
Parameter
V1
Vg

Description
One-time net revenue from logging per hectare
Net revenue from rubber plantations per hectare

Value
830 US$
75.1 US$

Vp

Net revenue from oil palm plantations per hectare

258.27 US$

θs
θg
θp
P3
Pg
W

Percentage of rice cultivation in the total area of
expanding agricultural land
Percentage of rubber plantations in the total area
of expanding agricultural land
Percentage of oil palm plantations in the total
area of expanding agricultural land
Price of rice
Price of rubber
Minimum wage

Source
Yamamoto et al. [43]
Yamamoto et al. [43]
Fairhurst and
McLaughlin[44]

16.3%

Field survey

32.7%

Field survey

51%

Field survey

0.32 US$/kg
0.87 US$/kg
0.68

Yamamoto et al. [43]
Yamamoto et al. [43]
Yamamoto et al. [43]

2.3. Accounting Methodology
Under the average storage method, the amount of carbon stored in a site is averaged over the
long-run according to the following equation:
/

(6)

where t is time, TH is the time horizon, XP is the carbon stored as part of the project, XB is the baseline
carbon storage, T is the project duration, and all of the measurements are expressed in tons of carbon per
hectare [50]. The advantage of this method is that it accounts for the dynamics of carbon storage over
the duration of the entire project, not just for the times chosen for accounting [4].
Under the ton-year approach, carbon credits, which are directly proportional to the project’s timeframe,
are assessed as the environmental and economic benefits of limited-term sequestration [28,51]. Based
on this approach, it should be possible to define some measure of “equivalence” between temporary
credits and permanent reductions that can be used to compare their effectiveness [52]. An equivalence
factor (Ef), through which the climatic effect of temporal carbon storage could be converted to an
equivalent amount of avoided emissions, can thus be calculated within a range of 0.007–0.02 [24,53].
This parameter may be derived from the “equivalence time” concept (referred to as Te), which Costa
and Wilson [54] calculated using the following steps:
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Step 1. The absolute global warming potential (AGWP) of CO2 is calculated according to the
following equation [55]:
(7)
where TH is the time horizon, ax is the climate-related radiative forcing caused by a unit increase in the
atmospheric concentration of CO2, and [CO2(t)] is the time-decaying quantity of a pulse of emitted CO2.
This last variable is derived from the following formula [56]:

0.30036
0.35686

/ .
/

.

0.34278

/

.

(8)

where t is the year.
Step 2. In Equation (1), the integral is proportionate to the cumulative radioactive forcing exerted by
a unit of CO2. In Equation (2), the integral of the decay curve is equivalent to the forcing effect of
approximately 55 ton-years of CO2 over the 100-year reference period established by the Kyoto Protocol.
Thus, Te, which is the length of time that CO2 must be stored as carbon in either biomass or soil for it to
prevent the cumulative radiative forcing effect exerted by a similar amount of CO2 during its residence
in the atmosphere, is 55 years. As a result, Ef (the ton-carbon-year factor) is equal to 1/Te or 0.0182 tons
of avoided CO2 emissions.
Step 3. Finally, for each ton of carbon stored in a given year, the project receives credit for 0.0182
tons of carbon. This means that the fraction of awarded credit can be calculated based on the ratio of the
project’s duration to the equivalence time.
2.4. Market Price of Carbon
In this study, we utilized the market carbon price, which is derived from Nordhaus’ [57] dynamic
integrated model of climate and the economy (DICE). DICE is a top-down, macroeconomic model that
estimates the cost of carbon based on the price that would be necessary to raise fuel costs and thereby
predicts the cost that would be necessary to reduce emissions to a targeted level. Nordhaus noted that
the DICE baseline temperature projections were in the lower-middle range of those analyzed in the
IPCC’s Fourth Assessment Report, which estimated that the global mean temperature would increase
between 1.8 °C and 4.0 °C from 1980–1999 to 2090–2099; the DICE baseline predicted a global mean
temperature increase of 2.2 °C over this period, resulting in several different scenarios [57]. Considering
the two recent global financial crises in 2007 and 2010, we adopted the scenario in which Annex I
countries (including the United States) collectively would agree to reduce their GHG emissions by an
average of 5.2% from 2008 to 2012 (i.e., original version of the Protocol). As such, the carbon price was
set at $15.02 per unit of CO2e after three years, increased to $15.72 after 13 years, and then reduced to
$14.74 after 23 years, resulting in an average carbon price of $14.00. According to State of the Voluntary
Carbon Markets [58], the current real average price (volume-weighted $/tCO2e) is $6.05. Consequently,
we proportionally adjusted the future average carbon price from the DICE model to $5.64 for our study.
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3. Results
We examined the opportunity costs used for REDD in Central Kalimantan, Indonesia. This province
contains rapidly expanding palm plantations, with 763,000 ha of forest threatened by future plantation
expansion plans [59]. Our study area consisted of 47,940.75 ha in a 22.5 km × 21.5 km square area
located in the southeast region, north of Palangka Raya (Figure 3). Historically, this area was covered
by heath forests and peat swamps; however, since 2000, this area has been plagued by large-scale
deforestation. Studies [60] have indicated that the remaining forest can be categorized as “Forest
Frontier,” the clearance of which is predicted to reach a maximum in the next 30 years while palm
plantations expand. Landsat images of this area captured in 2000, 2005, and 2009 were categorized based
on their depicted land use (dense forest, peat, sparse forest, plantation, road, or water) through supervised
classification. Conversions of dense forest, peat, and sparse forest were classified as “deforestation.”
By using the ICA system to compare the simulated and historical land-use maps, we found that the
Kappa coefficient between the two was approximately 0.65. We then compared the results over the
three project durations.

Figure 3. Location of study area in Central Kalimantan, Indonesia (Map source: Wikipedia;
photos: Heli LU).
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Figure 4 illustrates the spatial evolution of carbon sequestration in the study area over a 55-year
period. Terrestrial areas capable of high carbon sequestration tended to be flatter and near water sources
and roads. These areas were at high risk of deforestation and therefore critical to meeting emission
reduction targets, which made them of utmost importance to REDD. If the government cannot properly
identify and target areas such as these, then it will need to compensate for a larger area in its efforts to
avoid deforestation, which will ultimately raise the cost of such efforts [15].
Year

Ton-Year Approach

Average Storage Method

1-year

40-year

55-year

Figure 4. Time-series distribution of carbon sequestration over a 55-year period as predicted
by the average storage method and the ton-year approach. Areas of high carbon sequestration
are depicted in yellows and reds, areas of low sequestration are shown in light blue, and the
background areas are dark blue.
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Information on the speed and direction of deforestation is integral to anticipating future threats to
carbon stocks. By identifying, characterizing, and mapping hotspots, precise information on a region’s
vulnerability to deforestation could be used to improve conservation plans and budgets [54].
As shown in Figure 5, the two accounting methods differed significantly in their carbon values despite
the fact that they had identical future land use distributions. This is mainly because we measured carbon
sequestration as a complex response to the different accounting systems. For example, the average
storage method involves frequent exchanges of carbon credits and debts between project developers and
buyers or regulatory bodies, while the ton-year approach takes into account the time dimension of carbon
sequestration and storage [54]. Due to these complex processes and purposes, carbon values differ
considerably under the different accounting systems.

Figure 5. A comparison of opportunity costs.
We also explored the effect of project duration on opportunity costs. It should be noted that if
agricultural profit is linear (i.e., constant over time), then the different project durations should have
exactly the same values, and therefore, not affect opportunity costs. However, they are usually
temporally heterogeneous. For example, the cost of delivering a ton reduction in CO2 emissions varied
from US$8.6–US$23.4 (Table 3) based on the scenario. Furthermore, the choice of discount rate also
had an impact; for a long-term project, in which spending would have to be maintained for 55 years in
order to permanently reduce emissions, the costs fell by approximately US$14.0 per ton of CO2e when
the discount rates increased from 2.5% to 10%.
We determined that farmers were likely to prefer short-term REDD schemes when discount rates
were higher than 10% because the opportunity costs would all be below the average carbon price of
$5.64 per CO2e. Conversely, in the medium- and long-term schemes, opportunity costs would exceed
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the average price due to significant accumulations in agricultural profits and weak increments in
carbon prices.
Table 3. Opportunity costs based on different carbon accounting methods and project durations.
Accounting
Method
Ton-year
approach
Average
storage
method

Scenario
Short-term scheme: 15-year
Medium-term scheme: 25-year
Long-term scheme: 55-year
Short-term scheme: 15-year
Medium-term scheme: 25-year
Long-term scheme: 55-year

Opportunity costs (US$/ton CO2e)
2.5% Discount

5% discount

10% discount

14.7
19.6
23.4
8.6
14.6
21.4

13.9
14.5
15.4
8.1
10.9
14.1

5.8
7.5
8.5
5.5
7.1
7.8

In the study area, cleared forest lands may initially be unprofitable, but would gradually become more
lucrative after they were switched to particular time profile activities, such as rice cultivation, rubber
plantations, or oil palm plantations. Even if yields remained unchanged, their value could increase over
time as input and output prices change. These factors will affect the present value of the projected flow
of different land uses’ costs and benefits, and hence, the opportunity costs of avoiding deforestation
under REDD.
Sensitivity analyses were conducted by changing oil palm and rubber plantations’ values by about
10%. This method allowed us to identify the parameters that exerted greater effects on the modeling
results. The sensitivity analysis can further reveal how specific plantations would influence opportunity
costs if input values were changed, and thus, it may be useful in targeting incentives. For each parameter
change, the percentage impact on the opportunity costs was recorded and shown graphically in the form
of a tornado diagram (Figure 6). It can be seen that the change in opportunity costs is only about 13.3%
when rubber plantations are increased by 10%. In contrast, it changes by a noteworthy 30.52% when oil
palm plantations are increased by the same factor.

Figure 6. Sensitivity analysis.
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4. Discussion
The revenue from the restrictions on productive activities in forests should be considered in the
development of REDD projects. Without proper compensation, local governments will have no incentive
to support REDD, as they would face forgone taxes, fees, and shared-revenue, while receiving almost
no benefits [61]. Financial incentives for REDD, at the very minimum, should compensate for the cost
of its implementation, including opportunity costs [16,62,63]. Opportunity costs could provide REDD
project planners and government agencies with vital information on (I) deforestation and forest
degradation drivers, (II) the agencies affected by REDD projects, and (III) the level and scope of
REDD compensation.
The estimates reviewed in this study are consistent with those of global partial equilibrium models of
the forest sector. Although the values we found are nearly double those presented in the Stern Review,
these abatement options are more cost effective than many non-forestry sector abatement options
(e.g., solar energy, wind energy, and carbon capture and storage). Thus, it can be seen that preventing
deforestation and forest degradation is one of the cheapest options for mitigating emissions.
In this study, we determined how specific plantations affect the implementation of REDD projects
through a sensitivity analysis. Our results indicated that opportunity costs increase significantly as palm
oil plantations increase, while rubber plantations (as they currently stand) have little effect. This finding
is of particular relevance to Central Kalimantan, where plans to expand oil palm plantations are
threatening forests. In recent years, a sharp increase in the price of crude palm oil has driven this area to
dramatically expand its cultivation of oil palm. Our research provides a strong perspective for local
policymakers on the evaluation of field potentials when accounting for the financial incentives of REDD.
On the whole, we demonstrated that the opportunity cost of reduced emissions can be affected by the
choice of discount rate and may vary over time. Therefore, our findings highlight the need to consider
both project duration and the discount rate when determining appropriate financial supports for reducing
GHG emissions related to deforestation and forest degradation in developing countries. We believe that
the compensation for carbon credits in REDD projects cannot be treated in isolation and must account
for a variety of factors, such as carbon accounting, project duration, and the discount rate. We further
contend that comprehensive approaches for dealing with carbon dynamics must be recognized.
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