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Abstract A simple model allows rapid comparison of typical baseline and policy scenarios
which might be considered under international programs to avoid CO2 emissions caused by
forest clearing, such as REDD (Reducing Emissions from Deforestation and Forest
Degradation). These tests of REDD policy scenarios can also include CO2 stored in forest
products. The value of avoided emissions can also be determined if expected carbon prices,
constant or varying, are included. The paper discusses simple illustrative example
comparisons as well as possible feedback effects within larger scale setting of CO2 offset
availability, CO2 price and emissions reductions.
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1 Introduction

1.1 Climate change, CO2 and forests

Our warming climate is, to a large extent, the result of CO2 emissions1 from a number of
human activities. Discussions concerning this problem usually emphasize industrial and
transportation sources of CO2. However, land use change, especially deforestation, is
another important source. Worldwide, deforestation and forest degradation account for more
than 20% of all human-caused CO2 emissions (Mollicone et al. 2007).

With regard to climate change, forests were first seen as potential carbon sinks. The
planting of new trees was seen as a means of removing excess CO2 from the atmosphere
and storing it. Use of forests to absorb CO2 as a means of offsetting emissions became a
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1Other important greenhouse gasses include methane, nitrous oxide and certain fluorinated gasses. Water
vapor, also a greenhouse gas, increases as atmospheric tempertures rise—a positive feedback.
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major part of the Kyoto Protocol via the ‘Clean Development Mechanism’. Through
sometimes complex international arrangements people could be paid to plant trees to
sequester carbon.

But the various carbon trading schemes which evolved did not provide for the protection
of existing forests, even though deforestation and forest degradation are major sources of
CO2 emissions, especially in forested developing countries. There were incentives to plant
new trees but no mechanism to reward protection of carbon in existing forests.

1.2 REDD: reducing emissions from deforestation and forest degradation

The REDD concept was developed as a means of protecting carbon stocks already present
in existing forests. REDD was given tentative approval at the December 2007 Bali meeting
of the UNFCC (Anon 2008).2 The mechanism that developed involves extending carbon
trading possibilities to carbon stocks that would have been lost if forest had been cut. That
is, rather than pay directly for forest protection, the concept is to pay for protection of forest
carbon stocks compared to agreed upon, expected, baseline loss of carbon to the
atmosphere. Carbon credits would accumulate based on the difference between sequestered
carbon stocks caused by a policy scenario and those assumed under a baseline scenario. In
most scenarios no new CO2 is sequestered, but CO2 emissions are reduced.

REDD is difficult in principle and more difficult in practice. While not discussed in
detail here, some of these difficulties should be mentioned. Measurement of carbon stocks
can be an involved and expensive process (e.g. see Brown et al. 2008) which increases
transaction costs substantially. Determination of, and agreement on, a baseline scenario may
be difficult, and may involve significant political maneuvering. Thus there may be difficulty
in ensuring the additionality of CO2 stock differences caused by a particular policy
scenario. Deforestation prevented by a REDD agreement may merely leak out to reappear
as deforestation in another location. Also, permanence of the forest protected, and CO2

sequestered, can be questionable. (For discussions of REDD see: Kanninen et al. 2007,
Peskett and Harkin 2007; Angelsen 2008b; Pirard and Karsenty 2009).

Because REDD involves the protection of existing forested lands, it can provide many
co-benefits including the protection of biodiversity, forest livelihoods, and forest derived
ecosystem services. While these benefits are not directly included in the REDD concept
they may help to offset previously mentioned problems, and payments for REDD could
complement payments for other environmental services. Policy scenarios other than full
forest protection are under serious consideration for inclusion in REDD. Such scenarios
could include improved forest management and harvest techniques which can lead to higher
carbon stocks in managed forests (Putz et al. 2008). Thus, it is possible that REDD
payments might also complement income from the production of forest products.

The REDD concept of paying to prevent deforestation can be misleading. Some
(politicians, for example?) may believe that a standing rainforest can be used to directly
obtain CO2 payments. Such thinking might be as follows: The CO2 in my 1,000 ha forest is
about 200 t/ha and the price of CO2 is about 10 $/t so if I protect the forest I can get
1,000*200*10=$2,000,000! But REDD doesn’t work that way. Protection is measured
against a baseline. If the baseline were full protection the payments for protecting forests
would be zero. That is, payments are made for improvements over a business as usual

2 REDD in the Bali document stands for Reduced Emissions from Deforestation in Developing Countries,
but later the meaning of the DD morphed into Deforestation and Forest Degradation. Some authors use the
term REDDD to include both ideas.

Mitig Adapt Strateg Glob Change



scenario.3 This is both the strength and weakness of REDD. Optimistically, REDD will
provide payments for a climate change benefit: reduced CO2 emissions. However, there is
still no possible reward under this mechanism for communities, governments, or nations
who have been, and still are, fully protecting forests.

The model provided here provides a means of examining carbon stock changes and
possible REDD payments under different baseline and policy forest management scenarios.
A number of illustrative examples are provided. The overall purpose is to provide a simple
model that can quickly examine various possible REDD scenarios as a prelude to looking at
these in a more detailed manner.

2 Model basics

A simple model illustrates the basics of carbon storage in a forest4 as a prelude to
illustrating some of the issues related to compensating forest ‘owners’ for protecting
existing forests as might occur under the proposed program to reduce emissions from
deforestation and forest degradation, or REDD. The models use Vensim system dynamics
modeling software5 to examine changes in model variables over time.

In the basic model a forest area (ha) can be deforested and can be replanted. For most
situations, deforestation rate is calculated as a fraction of existing forest, but other
formulations, such as constant area cleared per year, can be substituted. Forest lands can
remain in steady state without deforestation, can be deforested, or can remain in a steady state
with continuous clearing and replanting. The forest area could also be increased (Fig. 1).

The stock, Amount of C Stored in Forest Lands, is treated in the model as a co-flow (e. g.
see Sterman 2000, section 12.2). This stock tracks carbon changes due to changing amount
of forest, fixing of carbon by the existing forest, and carbon being lost through
deforestation. The amount of carbon sequestered in this stock approaches a maximum
saturation above which no additional carbon will be stored (Fig. 1). The model does not
include partitioning of carbon into sub-components (e.g. leaves, stems, soil, etc.), but a
future model could include these separate carbon stocks. Simple models are useful for
preliminary investigation of various scenarios, but more detailed models may be necessary
to fully appreciate the many manifestations of natural and human influences on forest
processes affecting CO2 stocks (e.g. see Kurz et al. 2009). Nevertheless, this model will
accurately track carbon in a uniformly managed forest where different parts of the forest are
in different stages of regrowth. Key model components are indicated in Table 1.

3 Example output

3.1 Example single model output

This example illustrates the deforestation of a 100,000 ha forest. Forest is cleared at a rate
of 5,000 ha year−1 for 5 years and no re-growth or replacement occurs. These removals
cause an immediate decrease in carbon stored in forest land (Fig. 2).

3 Not discussed here is the additional, possible, limitation referred to as a ‘crediting baseline’ which could
further limit carbon payments (Angelsen 2008b).
4 The definition of forest is left to the user.
5 The models can be run with the free Vensim model reader, or a free version of the software, both available
at www.vensim.com. The model is available from the author.
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In a second illustration, a 100,000 ha forest is cleared and replanted at the same
rate: 5,000 ha year−1 for 5 years. The total forested area does not change. However the
amount of carbon stored drops, and takes about 65 years to recover to its original value
(Fig. 3).

Fig. 1 Model elements which calculate additions and losses of forest land and track carbon stored in forest
lands. Forest Area is determined by addition or removal of forest. A co-flow tracks addition of carbon due to
both forest additions and growth, as well as loss of carbon which typically equals the loss of forest times the
mean amount of carbon in each land unit. Under harvesting scenarios this loss is calculated somewhat
differently (see text). Two essentially identical models are used to compare baseline and policy scenarios. In
the figures system dynamics modeling conventions are: Stocks (i.e. state variables) are indicated by boxes
and capitalized text, flows are indicated by pipes and lower case text, auxiliary variables are indicated by
lowercase text, constants are indicated by upper case text

Table 1 Main components used in the model. Values shown here are those used in the examples, but can be
changed to examine other scenarios. By using an area of 1 ha we can conveniently see the per ha differences
in carbon storage

Item Meaning Typical values used Units

Forest area Total area of forest Initial value: 1 or 100,000 ha

Amount of carbon
stored in forest lands

Carbon actually stored in
forest lands.

Initial value usually 200 tons ha−1

Saturation value Maximum amount of carbon
that can be stored by each
hectare of forest.

200 tons ha-1

Time needed to reach
saturation

Time constant used to determine
the time needed for the forest
to become fully saturated.

15 years. Full saturation will
be reached in about
60 years.

year

Deforestation rate Fractional rate at which forest
land is deforested.

Varies. e.g. 0.03 year−1 year−1

Forestation rate Rate at which area is added to
the forest.

Varies. Can be fraction or
fixed amount per year.

year−1 or
ha year−1
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3.2 Comparing example baseline and policy forest management scenarios

The simple examples above each deal with only a single example scenario. In order to
compare a baseline scenario with a policy scenario, a copy of the same sub-model permits
parallel calculation of differences in carbon sequestration and storage under baseline and
policy scenarios. This allows rapid examination of a number of situations with minimal
modification to the model. Basic details of the following examples are presented in Table 2.

Fig. 2 A simple example illustrating removal of forest and loss of carbon in an imagined baseline scenario.
In the model parallel structures capture baseline and policy scenarios for comparison

Fig. 3 In this example, for five years forest is cleared and replanted at the same rate. Forest area does not
change, but stored carbon drops considerably and takes a long time to return to its original value even after
clearing with replanting stops
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3.2.1 Prevent deforestation

In the first example it is assumed that baseline deforestation occurs at a rate of 3% of
remaining forest per year. The policy scenario is complete protection of the forest. The
initial forest is assumed to be mature and thus fully saturated with carbon. In this and the
following examples calculations are made for one ha of forest allowing direct output of per
ha values of carbon storage and differences.

Because the baseline and policy scenarios start with the same amount of forest there is
no initial difference between the two. Over time the amount of CO2 benefit of protection
grows because the difference between what would have happened to the forest and full
protection becomes larger. Eventually all forest would have been cut, so the carbon benefit
of full protection ultimately approaches the CO2 saturation amount (Fig. 4).

This example illustrates a possible difficulty with the REDD concept: payments are, in
theory, based on the difference between carbon in the forest under the baseline and policy
scenarios, but these differences take considerable time to grow. This difficulty might be
addressed via payment schedules which provide start-up payments. On the other hand, the
largest changes in avoided emissions (e.g. avoided tons of CO2 per year) occur early under

Table 2 Basic details of example scenarios

Scenario Baseline Policy

Forestation Deforestation Forestation Deforestation

Prevent deforestation A 0 3% 0 0

Prevent deforestation B 0 Constant
amount

0 0

Prevent deforestation (alternate baseline) 2% (e.g. re-growth) 5% 0 0

Less deforestation 0 3% 0 1%

Switch to sustainable forest management 0 3% 3% 3%

Switch to plantation management 0 3% 10% 10%

Switch to intensive plantation
management

0 3% 12.5% 12.5%

Fig. 4 Comparison of C stocks
with a 3% deforestation baseline
and a full protection policy
scenario. Avoided carbon
emissions equal the difference
between the two policies (also
shown by the green line). These
gradually approach the full
saturation value, but this value is
not reached for many years
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most policy scenarios and payment should probably be based on the increasing magnitude
of the carbon difference rather than the carbon stock present (see discussion below).

In comparison with the above example we could also assume that baseline deforestation
does not occur as a fractional rate but rather as a fixed amount of land per year until all the
forest is gone. The difference between this assumed baseline and a policy scenario of no
deforestation results in a much more rapid accumulation of avoided emissions of CO2

compared to the previous example (Fig. 5). The large difference between these two
examples illustrates the importance of selecting an appropriate baseline. Nevertheless
avoided emissions accumulated during the earlier years (e.g. up to year 10) are similar in
these two examples.

3.2.2 Different baselines

The determination of a baseline scenario has been a topic of continuing concern (Pirard and
Karsenty 2009). The baseline deforestation rate is often assumed to be a direct clearing of
intact forest as a fixed percentage per year, as the previous example 3%. A realistic
alternative is the clearing of forest at a net rate of 3% whereby the actual clearing is 5%
coupled with partial re-growth covering 2% of the forest. These baselines are compared to a
policy of full forest protection (Fig. 6).

Fig. 5 As in the previous figure
but with a constant area of
deforestation per unit time (blue)
and no deforestation (red)
scenarios. The difference between
the baseline and policy scenario
is shown in green

Fig. 6 An example illustrating
the importance of baseline
determination. An area is
deforested at 3% per year, but in
one case (no re-growth) this is a
pure deforestation scenario. In the
other case (with re-growth)
although the decline in forest area
is 3% per year, the area not yet
deforested is partly composed of
younger, smaller, trees which
hold less carbon. Policy scenario
is full forest protection. All
values in t C on one ha
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This alternate baseline creates a younger forest holding less carbon. At year 20 this
scenario protects about 20 t ha−1 less than the simpler 3% scenario (89 vs 109 t ha−1).
Consequently, the carbon benefits of protecting it are greater than if the forest was merely
cleared at a 3% rate.

3.2.3 Less deforestation

Policy scenario benefits, in terms of avoided emissions and value, are not necessarily
limited only to no-cut scenarios. In this example we assume the policy scenario will reduce
deforestation from the 3% baseline to 1% per year. Less deforestation results in some
additional stored carbon, but a relatively small amount and not forever. Ultimately both
scenarios lead to complete loss of the forest and no net increase in carbon storage.
However, this comparison illustrates that any reduction in the deforestation rate could have
some carbon benefits and these might provide time for other emissions reducing policies to
be implemented (Fig. 7).

3.2.4 Sustainable forest management

The following example assumes that we can’t stop deforestation, but we can immediately
replant (or there is relatively rapid natural regeneration), and policies are changed so the
land remains as managed forest. Forested area remains constant but the mean age of the
forest and the amount of carbon stored is lower than it would be under full protection
(Fig. 8).6

This scenario results in a younger, faster growing forest which would appear to be
storing more CO2 compared to a no cut scenario which has no net carbon uptake. However,
in steady state, by definition, the forest management scenario also has no net carbon uptake.
Also, the overall effect of harvesting is that, even in steady state, there is less stored carbon
than under a no-cut scenario since the average age of the forest is younger. This seemingly

6 In replanting/ regeneration scenarios we assume that the trees are harvested for a purpose, and thus assume
that tree and carbon removal is done by removing older ‘trees’. This in turn requires a modification of the
model whereby carbon loss is not via removal of average carbon per ha, but via removal at a rate comparable
to removal of areas of forest with the age equal to the rotation time. See model for further information.

Fig. 7 A policy scenario allowing
a slower deforestation rate, 1%
compared to a 3% deforestation
baseline, can also provide some C
benefits. Ultimately however
that C is lost
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contradictory situation was also pointed out by Harmon et al (1990). Nevertheless, from a
CO2 perspective a forest management scenario is significantly better than the baseline
deforestation scenario.

3.2.5 Plantation management

Some have suggested that forest plantations are a viable option to prevent deforestation and
store carbon (Cacho et al. 2004). This example illustrates a situation where a policy of
gradual conversion of forest to plantation is compared to a baseline deforestation scenario.
The plantation rotation time is assumed to be 10 years, with a gradual conversion of all the
forest to plantation.

Because of the conversion of forest to plantation at an annual rate of 10% compared to
deforestation at a rate of 3% the plantation policy scenario causes more carbon loss prior to
year 36 than the baseline. Subsequently the plantation scenario would store more carbon,
but only about 50 t ha−1 compared to 200 t ha−1 in the original forest (Fig. 9).

Because of species selected and management techniques, pulp plantation trees can have
a faster growth rate, reaching carbon saturation more quickly, but may also have a lower
saturation level. One example, Acacia mangium, might have values more like 175 t/ha
carbon saturation and a time constant of 12 rather than 15 years (based on Cacho et al.
2004) and a rotation time of 8 rather than 10 years (dashed lines in Fig. 9).

Fig. 8 Forest management
scenario. Here forest is harvested
at 3% per year and is replanted
(or is regenerated naturally) at the
same rate. From a C perspective
this policy is significantly better
than deforestation, but not as
beneficial as full protection.
Green line illustrates the net C
benefits of the forest management
scenario

Fig. 9 Example policy scenarios
whereby forest is rapidly con-
verted to intensive plantation
(red lines) rather than being
deforested (blue lines). Dashed
lines indicate outcomes using
parameters more likely for rapid-
growth short rotation plantations.
Note that the difference (green
lines) is negative (policy is worse
than the baseline) for the first
35 years of the scenario
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Note that both plantation scenarios are worse than the baseline 3% deforestation baseline
for the first 35, or 45, years of the comparison. This is because these scenarios convert forest
at a faster rate then the baseline and also hold significantly less carbon after plantation
establishment.

3.3 Comparison of examples

A comparison of the five theoretical scenarios compared to the baseline of a 3% rate of
deforestation indicates that the no deforestation scenario is clearly the best policy in terms of
avoided CO2 emissions. However, such a policy may be hard to implement. One likely out-
come of attempting such a policy would be less deforestation, rather than zero deforestation.
A possible alternative would be low intensity forest management, a policy which performs
better than a 1% deforestation scenario, especially if carbon in forest products is included in
the analysis (see next section). Plantation scenarios perform poorly and are worse than the
baseline deforestation scenario for the first 35 years of the comparison (Fig. 10).

4 Inclusion of CO2 stored in forest products

If policy scenarios are to include managed forests, then perhaps it might become important
to consider carbon stored in long term forest products as part of the carbon calculations
whether or not this carbon is included in REDD payment schemes. Often only a small
fraction of forest carbon is incorporated into products, but products with long half-lives can
account for an appreciable amount of stored carbon. If we assume that 56% of forest carbon
is in logs and bark, roughly 54% of the logs can be converted to wood products and roughly
80% of wood products are converted to the final product then we can assume an upper limit
of about 25% conversion of forest carbon into a final forest product (Harmon et al. 1990).7

The half-life of carbon in forest products has been reported by several authors (e.g. Skog et
al. 2004, Miner 2006). For example carbon in wood incorporated into houses in the USA
has a half-life of 80 to 100 years (Skog and Nicholson 1998).

7 This excludes immediate burning, or conversion, of biomass for energy which could have CO2 benefits via
the replacement of oil products used for these purposes.

Fig. 10 Comparison of avoided
carbon emissions under five
policy scenarios. All scenarios
are compared to a baseline in
which forest is being destroyed at
a rate of 3% of remaining forest
per year. The forest management
scenario assumes a 33 year
rotation and plantation manage-
ment assumes a 10 year rotation.
Recall that average carbon
content includes areas of
re-growth in the managed forest
and plantation scenarios
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The model was modified to account for carbon stored in products from both baseline and
policy scenarios that include harvest of forest products (Fig. 11). This modification also
accounts for carbon in baseline products (if any) after a policy scenario is implemented. In
other words, even after a baseline scenario is stopped there is still carbon in products
produced in the past (not shown in Fig. 11).

A typical REDD policy scenario is full forest protection. However, other forest management
scenarios involving harvest of forest products may be more practical to implement. Currently
plans for REDD do not incorporate carbon in forest products, partly because adding this
additional component to an already confused and, sometimes, controversial policy might be
overly complicated. Nevertheless, such calculations might be important in the future.

Consider a comparison between a baseline scenario, a plantation of fast growing trees used
for paper, and a policy scenario which converts that plantation to slow growing timber trees
used for construction of houses (Table 3). This result illustrates both the carbon benefits of
moving away from rapid turnover plantation management, as well as the importance of
considering carbon in forest products. There is more carbon stored in the slower growing
forest and a significant amount stored in the long-lived wood products compared to the short
term paper products. In fact, taken together prevented emissions ultimately amounts to almost
135 t/ha although this level of benefit is not reached for many years (Fig. 12).

5 Paying for REDD—valuing avoided emissions

Discussion about payment for avoided emissions has focused mostly on the value of additional
carbon stored under a policy scenario compared to a baseline scenario. The additional carbon
protected is represented by the orange box at the top of Fig. 13. It is tempting to merely
multiply this by the current carbon price to obtain a value for carbon difference accumulated,
but because prices in the carbon market will change this would not be appropriate. It may be
reasonable to value carbon at the time it is ‘saved’.8 Thus, in the model, a co-flow is used to
track the accumulating value of carbon (bottom stock Fig. 13).

Sometimes the focus of payment schedules for REDD has been the stock of carbon saved,
i.e. tons of avoided emissions, and its accumulated value. However, a payment schedule is
more reasonably based on the increasing value of that stock (i.e. $ year−1) which is based on

8 Variable carbon prices can be implemented in the model, but are not used in the examples.

Fig. 11 A fraction of C from harvested forest is captured in forest products. If these are long lived then the
stock of C in these products can be substantial. A similar structure calculates the C stock for products
resulting from policy scenarios
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the change taking place in the carbon stock difference (t year−1). In the model that value is
represented by the net accumulating value of carbon due to policy differences (bottom of
Fig. 13). This suggestion assumes that payments are to be based on actual amount of the
carbon difference, and the value of those emissions as determined by the carbon market.

Different perspectives on carbon value for these REDD examples are presented in
Fig. 14. Using 200 t ha−1 carbon in the original forest and a fixed carbon price of 10 $ t−1

eventually results in an accumulated value of $2,000 ha−1 for the forest protection scenario
(Fig. 14A). The associated net flow for carbon value would start at about 60 $ ha−1year−1

for the first full year of forest protection. These payments would then follow an exponential
decline reaching about 10 $ ha−1year−1 in 60 years (Fig. 14B). Payment schedules for all
scenarios presented approach zero because policy carbon stocks approach saturation for
each particular scenario and the assumed baseline carbon stock approaches zero. Actual
payment scenarios might be formulated as a truncated version of these flows, for example
for 30 years. Because of increasing uncertainty as payments are projected into the future,
managers may also be interested in the net present value of such payments (Fig. 14C).

Some scenarios can produce negative values for carbon flow because the policy scenario
emits more CO2 during part of its lifetime than the baseline. For example, the plantation
scenario at first converts natural forest to plantation more rapidly than the forest would have
been removed by the assumed deforestation rate. Eventually the carbon stock in the plantation
will be larger than what would have been found in the land undergoing deforestation, but for
the first 36 years the plantation carbon stock is less than what would have occurred under the
baseline scenario. This type of scenario implies a modification of the ‘payment for saved
carbon flow’ concept, because the carbon flow becomes positive while there is still a negative
carbon stock difference. In such situations payments could be based on the increasing value

Table 3 Values used in comparing plantation and timber management scenarios with the inclusion of carbon
in forest products

Scenario component Baseline: Plantation Policy: Timber management

Forestation 12.5% 3%

Deforestation 12.5% 3%

Fraction of C incorporated into products 30% 25%

Product half-life 3 years 40 years

Fig. 12 Results of a comparison
between a baseline scenario of
intensive plantation management
and policy scenario of longer
term rotation timber management
where C in forest products is
also considered
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of saved carbon only when the scenario carbon stock is also larger than the baseline stock. In
other words, we should not pay for policy caused carbon improvements that were needed to
replace a policy caused carbon loss. In fact, it is unlikely that such a scenario would be
possible under REDD protocols.

6 REDD’s bigger realm

The implementation of REDD is not just a matter of calculating and assigning values to
changes in forest carbon, as difficult at those tasks may be in the real world. A number of
larger policy issues, some illustrated in Fig. 15, must also be considered.

Some payment will almost certainly have to be made prior to the reduced emissions being
verified. There is also a question as to who will actually receive payments. The underlying
philosophy of REDD is that people can be reimbursed for their role in protecting the climate,
especially in cases where such protection prevents people’s use of income generating
activities… such as agricultural developments on cleared forest land.9 It is this cash incentive
that is attracting participation in REDD projects, which are springing up around the world.
Although individuals might be motivated by this incentive, REDD projects are not normally
geared toward individuals. REDD projects, tend to target owners or managers of large blocks
of land. Although payments may ultimately go to individual land users, targets for REDD
involvement would normally be government agencies, or government in general, including
local government. How such entities might be paid, and how they will use or distribute

9 This is a subset of the concept of payments for ecosystem services (PES).

Fig. 13 Portion of the model representing the accumulation of the C difference between a baseline and a
policy scenario, and the means of tracking the value of this carbon. The net flow accumulating value of
carbon due to policy differences represents the best option for determining the value of payments, if
payments are to be based on actual C differences between a baseline and a policy
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REDD income equitably, is still under discussion (Okereke and Dooley 2009; Rights and
Resources Initiative 2008).

The expectation of cash payments has heightened interest in these programs. But without
a clear understanding of the mechanisms for payment (especially since such mechanisms
have not yet been worked out) there is the possibility that expectation of payment may be
inflated compared to actual future payment. This might lead to disappointment, reduced

Fig. 14 Basis for REDD
payments. Accumulated forest
carbon (from Fig. 10) has a value
($) shown in part A. This is a
result of of the accumulating
value ($ Year−1) of this carbon
shown in part B. This is the value
most closely related to most
proposed payment schemes. The
net present value of this flow is
presented in panel C. Note that
policies releasing more C than a
baseline can produce negative
values and/or flows. All policies
are compared to a baseline of 3%
per year deforestation. Policies:
Full Protection, 1% deforestation,
Forest Management—3% harvest
with replanting / re-growth,
Plantation Forestry—10% harvest
and replanting, intensive
plantation—12.5% harvest and
replanting
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participation in REDD programs, and decreased adherence to agreed on emissions-reducing
scenarios. These ideas are illustrated in the causal loop diagram in Fig. 15.

Another serious concern is the possibility that widespread implementation of REDD
projects might flood the carbon market thereby lowering the price of carbon (e.g. see
Livengood and Dixon 2009). This might have several effects. A lower carbon price could
make REDD and carbon sequestration projects less attractive ultimately, after some delay,
leading to fewer carbon credits on the market thus raising the price again. But initially, and
more importantly, a lower carbon price will raise incentives to buy carbon credits rather
than implement real reductions in other CO2 emissions. If cheap REDD carbon credits
flood the carbon market, the overall effectiveness of REDD as an emissions reducing
strategy will be compromised (Fig. 15, right side).

7 Comments and conclusions

In theory, REDD payments will be based on avoided CO2 emissions. Payments would be
based on the market value of the forest carbon difference—the difference between a
baseline and a policy scenario. The value will be higher if carbon stocks are well verified
and stable, lower if they are not.

In reality this all becomes rather tricky. Baseline deforestation rates are hard to measure
accurately, especially when projected into the future. Past rates may not be good predictors.
Deforestation rates can accelerate as forests disappear and demand for forest products
remains high. Conversely forest transition theory indicates country wide deforestation rates

Fig. 15 Some of the interrelationships within the bigger realm where REDD would operate. The
components labeled with red lettering are those found in the model, black lettering indicates components
closely related to the specific issues of REDD implementation and brown lettering indicates some additional
larger scale effects
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will decline as a country becomes more developed (Rudel et al. 2005; Angelsen 2008a).
These issues complicate the determination of the REDD baseline.

Carbon under a policy scenario would appear simpler to determine, at least after the
policy is implemented. But such determinations, and verification, can be complicated
(Brown et al. 2008), and in any case some payments will often have to be made in advance
of policy implementation. This necessity arises because implementation activities incur
costs, and in developing countries it is unlikely that costs will be met based on a promise of
future payment. More likely is a situation where initial payments will be made based on the
promise of carbon credits to be delivered. This could place investors in REDD carbon
credits in a precarious position. It would appear that payment schemes will include initial
payments based on a projected, modeled, carbon difference, followed by payments based
on follow-up field measurements and corrections based on measured differences. In such
cases simple models allowing initial comparisons and discussion of possible policy and
baseline scenarios will be useful.

The model is valuable because of its simplicity but that also avoids real world
complications caused by many confusing policy issues. Inclusion of some of these issues in
future dynamic model could make the model more interesting and useful and still perhaps
maintain its simplicity.

References

Angelsen A (2008a) How do we set the reference levels for REDD payments? In: Angelsen A (ed) Moving
ahead with REDD: issues, options and implications. CIFOR, Bogor

Angelsen A (ed) (2008b) Moving ahead with REDD: issues, options and implications. CIFOR, Bogor
Anon (2008) Fact sheet: reducing emissions from deforestation in developing countries: approaches to

stimulate action. UNFCC, Bali
Brown S, Achard F, Braatz B, Csiszar I, DeFries R, Frederici S, Grassi G, Harris N, Herold M, Mollicone D,

Pandey D, Pearson T, Shoch D, Souza C (2008) Reducing greenhouse gas emissions from deforestation
and degradation in developing countries: a sourcebook of methods and procedures for monitoring,
measuring and reporting, GOFC-GOLD, www.fao.org/gtos/gofc-gold/

Cacho OJ, Wise RM, MacDicken KG (2004) Carbon monitoring costs and their effect on incentives to
sequester carbon through forestry. Mitigation and Adaptation Strategies for Global Change 9:273–293

Harmon ME, Ferrell WK, Franklin JF (1990) Effects on carbon storage of conversion of old-growth forests
to young forests. Science 247:699–702

Kanninen M, Murdiyarso D, Seymour F, Angelsen A, Wunder S, German L (2007) Do trees grow on money?:
the implications of deforestation research for policies to promote REDD, 4. Center for International
Forestry Research (CIFOR), Bogor

Kurz WA, Dymond CC, White TM, Stinson G, Shaw CH, Rampley GJ, Smyth C, Simpson BN, Neilson ET,
Trofymow JA, Metsaranta J, Apps MJ (2009) CBM-CFS3: a model of carbon-dynamics in forestry and
land-use change implementing IPCC standards. Ecological Modelling 220:480–504

Livengood E, Dixon A (2009) REDD and the effort to limit global warming to 2°C: Implications for
including REDD credits in the international carbon market, KEA 3 Limited / Greenpeace

Miner R (2006) The 100-year method for forecasting carbon sequestration in forest products in use.
Mitigation and Adaptation Strategies for Global Change 2006

Mollicone D, Freibauer A, Schulze ED, Braatz S, Grassi G, Federici S (2007) Elements for the expected
mechanisms on 'reduced emissions from deforestation and degradation, REDD' under UNFCCC.
Environmental Research Letters:045024

Okereke C, Dooley K (2009) Principles of justice in proposals and policy approaches to avoided
deforestation: towards a post-Kyoto climate agreement. Global Environmental Change In Press,
Corrected Proof

Peskett L, Harkin Z (2007) Risk and responsibility in reduced emissions from deforestation and degradation.
Overseas Development Institute, Forest Policy and Environment Programme

Pirard R, Karsenty A (2009) Climate change mitigation: should "avoided deforestation" (REDD) be
rewarded? Journal of Sustainable Forestry 28:3–4

Mitig Adapt Strateg Glob Change

http://www.fao.org/gtos/gofc-gold/


Putz FE, Zuidema PA, Pinard MA, Boot RGA, Sayer JA, Sheil D, Sist P, Vanclay JK (2008) Improved
tropical forest management for carbon retention. PLoS Biology 6:e166

Rights and Resources Initiative (2008) Seeing people through the trees: scaling up efforts to advance rights
and address poverty. Conflict and Climate Change, RRI, Washington DC

Rudel TK, Coomes OT, Moran E, Achard F, Angelsen A, Xu J, Lambin E (2005) Forest transitions: towards
a global understanding of land use change. Global Environmental Change 15:23–31

Skog KE, Nicholson G (1998) Carbon cycling through wood products: the role of wood and paper products
in carbon sequestration. Forest Products Journal 48:75–83

Skog KE, Pingoud K, Smith JE (2004) A method countries can use to estimate changes in carbon stored in
harvested wood products and the uncertainty of such estimates. Environmental Management 33:65–73

Sterman JD (2000) Business dynamics: systems thinking and modeling for a complex world. Irwin/McGraw-Hill,
Boston

Mitig Adapt Strateg Glob Change


	A...
	Abstract
	Introduction
	Climate change, CO2 and forests
	REDD: reducing emissions from deforestation and forest degradation

	Model basics
	Example output
	Example single model output
	Comparing example baseline and policy forest management scenarios
	Prevent deforestation
	Different baselines
	Less deforestation
	Sustainable forest management
	Plantation management

	Comparison of examples

	Inclusion of CO2 stored in forest products
	Paying for REDD—valuing avoided emissions
	REDD’s bigger realm
	Comments and conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


