A Service of

[ ) [ J
(] [ )
J ﬂ Leibniz-Informationszentrum
° Wirtschaft
o Leibniz Information Centre
h for Economics

Make Your Publications Visible.

Kindermann, Georg E.; Obersteiner, Michael; Rametsteiner, Ewald; McCallcum, Ian

Working Paper

Predicting the peforestat iorerTrend Under Different

L

Nota di Lavoro, No. 29.2007

Provided in Cooperation with:
Fondazione Eni Enrico Mattei (FEEM)

Suggested Citation: Kindermann, Georg E.; Obersteiner, Michael; Rametsteiner, Ewald; McCallcum,

Ian (2007) : Predicting the peforestat iorEreTrend Under Different CarborErsPrices, Nota di

Lavoro, No. 29.2007, Fondazione Eni Enrico Mattei (FEEM), Milano

This Version is available at:
https://hdl.handle.net/10419/74049

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/74049
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

£ Fondazione
¢Els
»= | Enrico Mattei

Predicting the Deforestation—Trend

Under Different Carbon—Prices
Georg E. Kindermann, Michael Obersteiner,
Ewald Rametsteiner and lan McCallcum

NOTA DI LAVORO 29.2007

MARCH 2007
| CCMP - Climate Change Modelling and Policy |

Georg E. Kindermann and Ewald Rametsteiner, International Institute for Applied
Systems Analysis (IIASA), Laxenburg, Austria and University of Natural Resources and
Applied Life Sciences, Vienna, Austria
Michael Obersteiner, International Institute for Applied Systems Analysis (I1ASA)
and Institute for Advanced Studies (IHS),Vienna, Austria
lan McCallcum, International Institute for Applied Systems Analysis (I11ASA)

This paper can be downloaded without charge at:

The Fondazione Eni Enrico Mattei Note di Lavoro Series Index:
http://www.feem.it/Feem/Pub/Publications/\WWPapers/default.htm

Social Science Research Network Electronic Paper Collection:
http://ssrn.com/abstract=976406

The opinions expressed in this paper do not necessarily reflect the position of
Fondazione Eni Enrico Mattei
Corso Magenta, 63, 20123 Milano (1), web site: www.feem.it, e-mail: working.papers@feem.it



Predicting the Deforestation—Trend Under Different Carbon-Prices

Summary

Background: Global carbon stocks in forest biomass are decreasing by 1.1 Gt of carbon
annually, owing to continued deforestation and forest degradation. Deforestation emissions
are partly offset by forest expansion and increases in growing stock primarily in the extra-
tropical north. Innovative financial mechanisms would be required to help reducing
deforestation. Using a spatially explicit integrated biophysical and socio-economic land use
model we estimated the impact of carbon price incentive schemes and payment modalities on
deforestation. One payment modality is adding costs for carbon emission, the other is to pay
incentives for keeping the forest carbon stock intact.

Results: Baseline scenario calculations show that close to 200mil ha or around 5% of today’s
forest area will be lost between 2006 and 2025, resulting in a release of additional 17.5 GtC.
Today’s forest cover will shrink by around 500 million hectares, which is 1/8 of the current
forest cover, within the next 100 years. The accumulated carbon release during the next 100
years amounts to 45 GtC, which is 15% of the total carbon stored in forests today. Incentives
of 6 US$/tC for the standing biomass paid every 5 years will bring deforestation down by
50%. This will cause costs of 34 billion US$/year. On the other hand a carbon tax of 12$/tC
harvested forest biomass will also cut deforestation by half. The tax income will decrease
from 6 billion US$ in 2005 to 4.3 billion US$ in 2025 and 0.7 billion US$ in 2100 due to
decreasing deforestation speed.

Conclusions: Avoiding deforestation requires financial mechanisms that make retention of
forests economically competitive with the currently often preferred option to seek profits from
other land uses. Incentive payments need to be at a very high level to be effective against
deforestation. Taxes on the other hand will generate budgetary revenues by the regions which
are already poor. A combination of incentives and taxes could turn out to be a viable solution
for this dilemma. Increasing the value of forest land and thereby make it less easily prone to
deforestation would act as a strong incentive to increase productivity of agricultural and
fuelwood production, which could be supported by revenues generated by the deforestation
tax.
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Background

Deforestation is considered the second largest source
of greenhouse gas (GHG) emissions amounting to an
estimated 2 gigatonnes of carbon (GtC) per annum
over the last decade [1]. It is a persistent problem.
The UN Food and Agriculture Organization, in its
recently released most comprehensive assessment of
forests ever, puts deforestation at about 12.9 mil. ha
per year. At the same time, forest planting, land-
scape restoration and natural expansion of forests
reduce the net loss of forest area. Net change in
forest area in the period 2000-2005 is estimated at
-7.3 million hectares per year [2]. This reduces the
annual GHG emissions to an estimated 1.1 GtC. In
comparison, 7.3 GtC were emitted in 2003 by using
fossil energy sources [3].

Deforestation has been difficult to tackle by gov-
ernments, as its drivers are complex and many land
uses yield higher revenues than those from forested
land. Some see climate policy as a new opportunity
to effectively reduce a major source of greenhouse
gases and biodiversity loss as well as to increase in-
comes of many people in rural areas whose liveli-
hood depends on forests. The implementation of
measures avoiding deforestation would require inno-
vative financial mechanisms in the context of global
climate policies. In this paper we study the poten-
tial magnitude of effects of different financial mecha-
nisms to help reduce deforestation, using a modeling
approach.

To estimate the impact of financial incentives, to
reduce deforestation, we calculate differences in net
present value of different land uses using a spatially
explicit integrated biophysical and socio-economic
land use model. Key model parameters, such as
agricultural land use and production, population
growth, deforestation and forest product consump-
tion rates were calibrated against historical rates.
Land use changes are simulated in the model as a
decision based on a difference between net present
value of income from production on agricultural land
versus net present value of income from forest prod-
ucts. The model calculates for each 0.5° grid cell the
net present value difference between agricultural and
forest land-uses in one-year time steps. When car-
bon market prices, transferred through a financial
mechanism, balance out differences between the net
present value of agricultural land and forest-related
income, it is assumed that deforestation is avoided.

The net present value difference of forest ver-
sus other land uses can be balanced out through

two mechanisms. One is to reduce the difference by
adding costs to conversion through taxing emissions
from deforestation, e. g. through a land clearance tax
and timber sales taxes. The other is to enhance the
value of the existing forest by financial support when
keeping the forest carbon stock, to be paid in certain
time intervals. In both cases the value of forest car-
bon stock would be pegged to carbon market prices.
The modeling results for different hypothetical tax
or subsidy levels show the potential magnitude of
avoided deforestation through financial incentive or
disincentive mechanisms. The model results are an-
nual, spatially explicit estimates of the forest area
and biomass development from 2000 to 2100, with
particular focus on the period 2006 to 2025.

Results and Discussion

Baseline deforestation 2000-2100 and effects of
financial mechanisms aiming at cutting emissions
in half

Baseline scenario calculations (i.e. a carbon price of
0US$/tC is assumed) show that close to 200 mil ha
or around 5% of todays forest area will be lost be-
tween 2006 and 2025, resulting in a release of ad-
ditional 17.5 GtC to the atmospheric carbon pool.
The baseline deforestation speed is decreasing over
time. In the year 2025 the annual deforested area de-
creases to 8.2 million hectares, compared to 12.9 mil-
lion hectares in 2005. By the year 2100 deforestation
rates decline to some 1.1 million hectares. Accord-
ing to the base line scenario, today’s forest cover will
shrink by around 500 million hectares or by more
than 1/8 within the next 100 years (figure 1).
Carbon emissions from deforestation in 2005 is
1.1 GtC/year and decreases to 0.68 GtC/year in 2025
and further to 0.09 GtC/year in 2100. The accu-
mulated carbon release during the next 100 years
amounts to 45 GtC which is 15% of the total car-
bon stored in forests today. To bring deforesta-
tion down by 50 %, incentives of 6 US$/tC/5 years
or a land clearance tax of between 9US$/tC and
25US$/tC would be necessary, depending whether
the harvested wood is burned on the spot (e. g. slash-
and-burn agriculture) or sold. In the latter case, a
higher carbon tax of up to 25US$/tC is necessary
to effectively reduce incentives, to deforest, to a de-
gree that cuts overall global deforestation by 50 %.
If the wood is further used and converted into prod-
ucts, only 18 % of the biomass could be saved by a



carbon price of 9US$/tC. On the other hand, if the
carbon price is 25$/tC and the wood is assumed to
be burned immediately, the reduction of deforesta-
tion calculated to be 91% (figure 1 and 2). On a
first sight it seems, that incentive payments might
be more effective, than taxation. However, incen-
tives payment contracts have to be renewed every 5
year for the standing biomass to perfectly known de-
forestation agents, while a deforestation tax will be
payed once for the harvested biomass once detected
by targeted earth observation systems (see figure 3
and 4). In the latter, transactions costs for imple-
menting avoided deforestation are small.

The assumption, that either only slash burn or
all wood will be sold is unrealistic. Thus, a scenario
where Latin America has 90 % slash burn and 10 %
selling, Africa 50 % slash burned and 50 % selling and
in the remaining area 10% slash burned and 90 %
selling, was examined. Under such scenario assump-
tions a carbon tax of 12$/tC will cut deforestation
in half.

Costs and revenues under different carbon prices
The effectiveness of introducing a carbon price to
influence deforestation decisions depends largely on
the levels set for carbon prices, apart from consid-
erations of political feasibility and implementabil-
ity. Low prices have little impact on deforesta-
tion rates. During the 21%" century carbon tax
schemes of 9 US$/tC for slash burn and 25 US$/tC
for situations when removed wood enters a harvested
wood products pool (HWP) would generate some 2
to 5.7 billion US$/year respectively when emissions
from deforestation are to be cut in half. For the
variant of 12 US$/tC, with regionally differentiated
slash burn and HWP assumptions, the average an-
nual income for the next 100 years are calculated
to be around 2.7 billion US$. These tax revenues
decrease dramatically over time mainly due to the
declining baseline deforestation rate. Tax revenues
are computed to be 6 billion US$ in 2005, 4.3 bil-
lion US$ in 2025 and 0.7 billion US$ in 2100. This
indicates the magnitudes and their temporal change
of funds generated from a deforestation tax scheme
aiming at a 50 % emission reduction (figure 5 and 7).

In the alternative incentive scheme, the amount
of funds necessary, is depending on the strategy of
payments, either increasing, staying constant or de-
creasing over time. If incentives are paid only for
those forest areas that are about to be deforested,

and with a global target of cutting deforestation by
50 %, a minimum payment of 6 US$/tC/5 year or
0.24 billion US$ in 2006 would be required. This
amount rises to some 1.2 billion US$ in 2010, 4.1 bil-
lion US$ in 2025 and 10 billion US$ in 2100 caused
by the increasing area of saved forest area. As pre-
cise information of forests about to be deforested is
absent, incentive payment schemes would have to fo-
cus on regions under deforestation pressure. Given
that incentives are only spent on regions of 0.5° x0.5°
where they can effectively reduce deforestation in an
amount that they will balance out the income differ-
ence between forests and alternative land use up the
6 US$/tC/5 year, this would come at a cost of 34 bil-
lion US$/year (figure 6 and 8). All figures above are
intentionally free of transaction costs. Transaction
costs would inter alia include expenditure for pro-
tecting the forests against illegal logging by force and
expenditures monitoring small scale forest degrega-
tion. Governance issues such as corruption and risk
adjustment, depending on the country are, however,
considered in the analysis to the extent possible.

Regional effects of carbon prices on deforestation
Sources of deforestation in the model are expansion
of agriculture and buildup areas as well as from un-
sustainable timber harvesting operations impairing
sufficient reforestation. Deforestation results from
many pressures, both local and international. While
the more direct causes are rather well established
as being agricultural expansion, infrastructure ex-
tension and wood extraction, indirect drivers of de-
forestation are made up of a complex web of in-
terlinked and place-specific factors. There is large
spatially differentiated heterogeneity of deforesta-
tion pressures. Within a forest-agriculture mosaic,
forests are under high deforestation pressure unless
they are on sites which are less suitable for agricul-
ture (swamp, slope, altitude). Closed forests at the
frontier to agriculture land are also under a high de-
forestation pressure while forest beyond this frontier
are under low pressure. The model was build to cap-
ture such heterogeneity in deforestation pressures.
Figure 9 shows that the model predicts defor-
estation to continue at the frontier to agricultural
land and in areas which are easly accessible. Trans-
frontier forests are also predicted to be deforested
due to their relative accessibility and agricultural
suitablility. Forests in mosaic lands continue to
be under strong pressure. Figure 10 illustrates



the geography of carbon saved at a carbon tax of
12US$/tC compared to biomass lost through de-
forestation. Under this scenario deforestation is
maily occurring in clusters, which are sometimes sur-
rounded by forests (e.g. Central Africa) or are con-
centrated along a line (Amazon). The geography of
the remaining deforestation pattern indicates that
large areas are prevented from deforestation at the
frontier. The remaining emissions from deforesta-
tion are explained mainly by their accessibility and
favourable agricultural suitability.

Conclusions

Avoiding deforestation requires financial mecha-
nisms that make retention of forests economically
competitive with the currently often preferred option
to seek profits from other land uses. According to
the model calculations, even relatively low carbon in-
centives of around 6 $/tC/5 year, paid for forest car-
bon stock retention or carbon taxes of 12 $/tC would
suffice to effectively cut emissions from deforestation
by half. Taxes revenues would bring about annual
income of US$6 bn in 2005 to US$0.7 bn in 2100. The
financial means required for incentives are estimated
to range from US$3bn to US$200bn per year, de-
pending on the design of the avoided deforestation
policy. Our “realistic” scenario estimates the nec-
essary funds to cut emissions from deforestation in
half in the magnitude of some US$33bn per year,
given information asymetries and net of transaction,
observation and illegal logging protection costs. In-
creasing the value of forest land and thereby make
it less easily prone to deforestation would act as a
strong incentive to increase productivity of agricul-
tural and fuelwood production.

Methods

The model is based mainly on the global afforesta-
tion model of [4] and calculates the net present value
of forestry with equation (1 — 16) and the net present
value of agriculture with equation (17 — 20). Main
drivers for the net present value of forestry are in-
come from carbon sequestration, wood increment,
rotation period length, discount rates, planting costs
and wood prices. Main drivers for the net present
value of agriculture on current forest land are pop-
ulation density, agricultural suitability and risk ad-
justed discount rates.

These two values are compared against each
other and deforestation is subsequently predicted to
occur when the agricultural value exceeds the forest
value by a certain margin. When the model comes
to the result, that deforestation occurs, the speed
of deforestation was constraint by estimates given
by equation (24). The speed of deforestation is a
function of sub-grid forest share, agricultural suit-
ability, population density and economic wealth of
the country.

Net present value of forestry

The net present value of forestry is determined by
the planting costs, the harvestable wood volume, the
timber-price and benefits from carbon sequestration.

For existing forests which are assumed to be
under active managment the net present value of
forestry given multiple rotations (F;)over the sim-
ulation horizon is calculated from the net present
value for one rotation (f;) (equation (1). This is
calculated by taking into account the planting costs
(cp;) at the begin of the rotation period and the in-
come from selling the harvested wood (pw;-V;) at the
end of the rotation period. Also the benefits from
carbon sequestration are included denoted as (B;).

The planting costs (eq. 3) are calculated by mul-
tiplying the planting costs of the reference country
(cpres) with a price index (px;) and a factor which
describes the share of natural regeneration (pr;).
The ratio of plantation to natural regeneration is
assumed to increase with increasing yield for the re-
spective forests(eq. 4). The price index (eq. 5) is
calculated using the purchasing power parity of the
respective countries.

The stumpage timber price (eq. 6) is calculated
from the harvest cost free income range of wood in
the reference country. This price is at the lower
bound when the population density is low and the
forest share is high and at the higher bound when the
population density is high and the forest share is low.
The price is also multiplied with a price index con-
verting the price range from the reference country to
the examined country. The population-density and
forest-share was standardized between 1 and 10 by
using equation (7) and equation (8) respectively.

The harvested volume (V;) is calculated by multi-
plying the mean annual increment (M AI;) with the
rotation period length (R;) accounting for harvest-
ing losses (eq. 9).

The rotation period length (eq. 10) depends on



the yield. Fast growing stands have a short and slow
growing sites a long rotation length. In this study
the rotation length is in the range between 5 and 140
years.

The mean annual increment (eq. 11) is calcu-
lated by multiplying the estimated carbon uptake
(w;) and a transformation factor which brings the
carbon weight to a timber volume (C27;). The car-
bon uptake (w;) is calculated by multiplying the net
primary production (NPP;) with a factor describ-
ing the share of carbon uptake from the net primary
production (eq. 12).

The benefits of carbon sequestration (eq. 13) are
calculated by summing up the annual income from
additional carbon sequestration and subtracting the
expenses incurred from harvesting operations and
silvicultural production. At the end of a rotation pe-
riod the harvested carbon is still stored in harvested
wood products and will come back to atmosphere
with a delay. This is considered in the factor (6;)
which shares the harvested wood volume to short
and long living products(eq. 14).

The effective carbon price represents the benefit
which will directly go to the forest owner. In equa-
tion (16) a factor describing the percentage of the
transaction cost free carbon price is used. A factor
leak; is calculated as the average of the percentile
rank from “political stability”, “government effec-
tiveness” and “control of corruption” [5].

Fi=fi- L=+~ "] (1)
fi=—cpi +pw; - Vi + B; (2)
CPi = CDref - PTi - PTi (3)
0 MAI; <3
pri =1 (MAI; —3)/6 3<MAI,; <9 4)
1 MAI; > 9
PPP;
pxi = Tpmf (5)
s = Py — pwmawg_gpwmin ©)
+W -SPd-SNFs-px;
SPd:{Hﬁ’g'og Pd < 100 -
10 Pd > 100
SNFs=1+4+(1—Fs)x9 (8)
Vi=MAI-R;-(1- HL;) (9)
5 MAI > 180/10
R = 600—|J]\\44f141;i—6|~50 10 ¢ prAL < 180
140 MAI < 10/3
(10)
MAI; = w; - C2T (11)
wi = NPP, - CU (12)
Bi=epci-wi- (1—=0;) - {r=t-[1 = (14+7r)" ]
~Ri-(1=0;)-(1+7)""} (13)
0 = (1— decyy, - fracyy _ decsyp - fracsy
decyp + 1 decgip +
(1= fracsy) + (1 — fracg) * fracs, (14)
fracsy, =1 — fracy, (15)
epc; = pec; - leak; (16)

Net present value of agriculture

The net present value of agriculture (4;) is calcu-
lated by equation (17). It depends on the agricul-
ture suitability and the population density. A high
agriculture suitability and a high population density
causes high agricultural values. The value ranges be-
tween a given minimum and a maximum land price.



A; = v; - SAgS® - SPdY’ (17)
1 AgS; > 0.
SAgS; = { =05 1)
1+9-4¢5/0.5 AgS; <0.5
_ In(PLypaz) — In(PLyin)
&= 2-1n(10) (19)
Vi = G (20)

Decision of deforestation

The deforestation decision is expressed by equa-
tion (21). It compares the agricultural and forestry
net present values. For the deforestation decision
the amount of removed biomass from the forest is an
important variable. The agricultural value increases
with the amount of timber sales and its concomi-
tant flow to the HWP pool. On the other hand the
agriculture value will be decreased by the amount of
released carbon to the atmosphere. This mechanism
is expressed by a deforestation value (DV}, eq. 22).
The model also allows for compensation of ancillary
benefits from forests. This additional income is mod-
eled either as a periodical income or a one time pay-
ment and will increase the forestry value by (IP;).
If it is a periodic payment it has to be discounted,
which has been done in equation (23).

YeS ot Protected
Defor — not Protecte (21)
No A+ DVi<FHi+IP,
0
VProtected
gy (Lracus - decuy | Jracay - decay
decyp + 1 decgp + 1
(1= fracsy) + fracsy]} (22)
_ (r+ D
IP; = (BM; + BMP;) - pca; - o+l —1
(23)

There exist several ways of how financial trans-
fers can be handled. Two mechanisms are realized
in equation (21). One is to pay the forest owner
to avert from the deforestation, the other is to in-
troduce a carbon price that the forest owner gets
money by storing carbon and paying for releasing
it. The introduction of a carbon price focuses the

)

money transfer to the regions where a change in
biomass takes place. Payments to avoid emissions
from deforestation can be transfered to cover all of
the globe’s forests, target to large “deforestation re-
gions” or individual grids.

Deforestation rate

Once the principle deforestation decision has been
made for a particular grid cell (i.e. the indicator
variable Defor; = 1) the acutual area to be defor-
ested within the respective grid is to be determined.
This is done by the auxillary equation (24 — 25) com-
puting the decrease in forest share. We model the
deforestation rate within a particular grid as a func-
tion of its share of forest cover, agricultural suitabil-
ity, population density and gross domestic product.
The coefficients ¢, to cg were estimated with a gener-
alized linear model of the quasibinomial family with
a logit link. Values significant at a level of 5 % were
taken and are shown in table 1. The parameters
of the regression model were estimated using R [6].
The value of ¢y was determined upon conjecture and
directly influences the maximum possible deforesta-
tion rate. For our scenarios the maximum possible
deforestation is set to 5% of the total land area per
year. That means, a 0.5° x 0.5° grid covered totally
with forests can not be deforested in a shorter time
period than 20 years.

0 Defor = No
Fdec; = < Fs; Ftdec; > F's; A Defor = Yes
Ftdec; Ftdec; < F's; A Defor = Yes
(24)
0 Fs;=0VAgS; =0
Ftdec; = 5 g (25)
x; FSZ‘>O/\AgSZ‘>O
Ti = 14+ e—(01+%+%+c4'1:’d7:+65-Pd$+CG'GDP7:)
(26)

The deforestation rates (Ft4e.) were taken from
[2], where the forest area from 1990, 2000 and 2005
for each country was given. For the estimation of the
model parameters the area difference between 1990
and 2005 was used to infer the deforestation rate.
All values which showed an increase of the forest
area have been set to 0, because the model should
only predict the deforestation. Countries with an in-
creasing forest area have a deforestation rate of 0. It



should be mentioned that the change rate is based
on the total land area and not on the current forest
area.

By using co/Fs the model can only be used on
grid’s where there is some share of forest. This
makes sense, because on places where there is no
forest, no deforestation can appear. The model will
only be usable on grids where forests occur. There-
fore, for parameterization, the average agricultural
suitability and the population density of a country
are also only taken from grids which indicate forest
cover.

Development of forest share

After calculating the deforestation rate, the forest
share has to be updated each year with equation (27)
assuring that the forest share stays within the per-
missible range of 0-1.

Fsi,year = (27)

fsxi,year fsxi,year S 1- (BUZZ + Crll)
1= (Bul; + Crly)  fsx; year > 1 — (Bul; + Crl;)

fsxi,year = Fsi,yearfl - Fi,dec (28)

Aboveground carbon in forest biomass

The model describes the area covered by forests on a
certain grid. It can also describe the forest biomass
if the average biomass on a grid is known and the
assumption was made, that the biomass in forests
on the grid is proportional to the forest area.

For this reason a global carbon map of above-
ground carbon in forest biomass, was created, based
on country values from [2]. By dividing the given to-
tal carbon, for each country, with the forest area of
the country, the average biomass per hectare can be
calculated. Now the assumption was made, that the
stocking biomass per hectare on sites with a higher
productivity is higher than on sites with a low pro-
ductivity. Not for every country with forests FRA
gives values of the stocking biomass. So a regression,
describing the relation between tC/ha and NPP, was
calculated and the biomass of grids of missing coun-
tries have been estimated to obtain a complete global
forest biomass map.

Simulations

In the simulations the effect of different carbon-
prices and/or incentives, for keeping forest, have
been tested. The simulation period started in the
year 2000 and ends in 2100. The decision, whether
deforestation takes place or not and how fast it
goes on, was done in one year time steps. Sce-
nario drivers, available on coarser time resolution
(e.g. population density), have been interpolated lin-
early between the given years.

Outputs of the simulations are trajectoria of for-
est cover, changes in carbon stocks of forests, and
financial resources required to cut emissions from de-
forestation under varying scenario assumptions.

Data

The model uses several sources of input data some
available for each grid, some by country aggregates
and others are global. The data supporting the val-
ues in table 2 are known for each grid. Some of the
values are also available for a time series.

Beside the datasets, available at grid level, the
purchasing power parity PPP [7] from 1975-2003,
the discount rates [8] for 2004 , the corruption in
2005 [5] and the fraction of long living products for
the time span 2000-2005 [2] are available for each
country (table 3).

The values of table 4 are used globally. Monetary
values are transformed for each country with their
price index. Brazil was taken as the price-reference
country as described in [8] and [9].

In figure 11 the net primary productivity taken
from [10] is shown. The values range up to
0.75gC/m? /year. The highest productivity is near
the equator.

In figure 12 the population density in 2000 and
in figure 13 in the year 2100 is shown. It can be seen,
that the highest population densities are reached in
India and in south-east Asia. The densities are also
quite high in Europe and Little Asia, Central Africa
and the coasts of America. The map of 2100 shows
an increase in India and in south-east Asia.

Figure 14 shows a map of the current forest, crop
and buildup land cover. Large regions are covered
by forests. Adjacent to the forests, large areas, used
for crop production, can be seen.

In figure 15 the suitability for agriculture is
shown. Most of the high suitable land is used to-
day for crop production (see figure 14).



Figure 16 shows the carbon in forests. It can be
seen, that the highest densities are located near the
tropical belt. One reason for this is, that the biomass
in tropical forests is high. Pay attention, that this
picture shows the tons of carbon per grid and the
grid size is 0.5° x 0.5° so the grid has it’s largest size
near the equator.

Figure 17 shows the purchasing power parity
which was used to calculate a price-index. It can
be seen that the purest countries are in Africa and
the richest in North America, Europe, Australia and
Japan.

Figure 18 shows the discount-rates given in [8].
Here also the richest countries have the lowest dis-
count rates.

Figure 19 shows the effectiveness of the carbon
incentives. In low risk countries nearly all of the
spent money will be used for maintaining forest sinks
in risky countries not all of the money will come to
the desired sink.

Figure 20 shows the proportion of harvested
wood entering the long living products pool [2].

List of abbreviations used
«;: Importance of agriculture

~;+ Importance of population

v;: Land price level = minimum land price of refer-
ence country X price index (pz;) [$/ha]

w;: Carbon uptake per year [tC/year/hal

6;: Fraction of carbon benefits in products [1]
A;: Net present value of agriculture [$/ha]
AgS;: Agricultural suitability [0-1]

b;: Baseline, how much carbon uptake will be if
there is no forest, e.g. 0.1 [1]

BM P;: Biomass in Products [tC/ha]

BM;: Aboveground living wood biomass [tC/ha]
B;: Present value of carbon benefits [$/ha]

Bul: Share of buildup land [1]

C2T: Conversion factor form 1t Carbon to 1m? tim-
ber [m?/tC]

cp;: Planting costs [$/ha]

cpres: Planting costs reference country [$/hal

CU: Carbon uptake, share of NPP stored in timber
(1]
C'rl: Share of crop land [1]

decyp: Decay rate of long living products e.g. 0.03
(1]

decsip: Decay rate of short living products e.g. 0.5
1]

DV;: Deforestation Value [$/ha]

epc;: Effectiv carbon price [$/tC]

fi+ Net present value of forestry for one rotation pe-
riod [$/ha]

F;: Net present value of forestry [$/ha]

Fs: Actual share of forest [0-1]

Fy..: Decrease of the forest share

frit Frequency of incentives money payment [Years]

fracyy: Fraction of long living products e.g. 0.5 [0-
1]

fracsp: Fraction of slash burned area e.g. 0.9 [0-1]

fracgp: Fraction of short living products e.g. 0.5
(0-1]

F's: Forest area share [0-1]

F'syeqr: Forest share of a certain year [1]

fsxycar: Theoretical forest share of a certain year
(1]

Ftgee: Theoretical decrease of the forest share

GDP: Gross domestic product [$1995/Person]

H;: Hurdle e.g. 1.5 [1]

HL;: Harvesting losses e.g. 0.2 [1]

7: Grid number

leak;: Factor of money which will in real reach the
forest [1]

IP;: Incentive payment [$/ha]

MAI;: Mean annual timber volume increment

(m? /hal
NPP;: Net primary production [tC/ha/year]



pc;: Carbon price [$/tC]
peca;: Incentives carbon price [$/tC/ fr;]
Pd;: Population density [People/km?]

PL,,q:: Maximal land price of reference country x
price index (pxz;) [$/ha]

PL,,;n: Minimal land price of reference country x
price index (pz;) [$/ha]

PPP;: Purchasing power parity [3]

PPP,.s: Purchasing power parity of reference coun-
try [8]

pr;: Ratio of area planted [0-1]
pw;: Stumpage timber price [$/m3]

PWpnaz: Maximum revenue of timber, e.g. 35$/fm

[$/fm)]

PWmin: Minimum revenue of timber, e.g.

[$/fm)]

5% /fm

px;: Price index [1]

r: Discount rate [e.g. 0.05]

R;: Rotation interval length [years]

SAgS;: Standardized agricultural suitability [1-10]
SFs: Standardized not forest area share [1-10]

SPd: Standardized population density [1-10]

V;: Harvest timber volume [m3]
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Figures
Figure 1 - Deforested Area until 2100
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Figure 2 - Released Carbon from Deforestation until 2100
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Figure 3 - Avoided Carbon releases under different Carbon prices during the next 100 years
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Figure 4 - Saved Forest Area under different Carbon prices during the next 100 years
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Figure 5 - Income under different Carbon Prices
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Figure 6 - Expenditure under different Carbon Prices
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Figure 7 - Cash flow until 2100 for different Carbon Prices
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Figure 8 - Expenditure until 2100 for different Incentive payment Strategies
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Figure 9 - Removed Biomass without a carbon price
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Figure 10 - Saved Biomass by 12$/tC (Burn Sell)
Dark-Green. . . saved BM, red. .. not saved BM
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Figure 11 - Net Primary Production (NPP)

e
g2 /m2 | y -
0.758 E . ] i
- - -
0.50
0.25
0.00

19



Figure 12 - Population density in Year 2000

Figure 13 - Population density in Year 2100
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Figure 14 - Forest, Crop and Buildup Land cover
Forest. .. green, Crop...red, Buildup. .. grey
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Figure 15 - Agriculture suitability
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Figure 16 - Carbon in Forest biomass
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Figure 19 - Effectiveness (Corruption)
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Figure 20 - Share of Iong Ilvmg products
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Tables
Table 1 - Coefficients for equation (25) — Deforestation speed
Coef Estimate Std. Error Pr(> |t])

co 0.05 — —

c1 -1.799e+00  4.874e-01  0.000310  ***
ca -2.200e-01  9.346e-02  0.019865 *
c3 -1.663e-01  5.154e-02  0.001529 **
o 4.029¢-02  1.712¢e-02 0.019852 *
Ccs -5.305e-04  1.669e-04  0.001789  **
Co -1.282e¢-04  3.372e-05 0.000206  ***

Table 2 - Spatial dataset available on a 0.5° x 0.5° grid

Value Year Source
Land area 2000 [11]
Country 2000 [12]
NPP - [10]
Population density 1990 — 2015 [13]
Population density 1990 — 2100 [14]
GDP 1990 — 2100  [14]
Buildup 2010 — 2080  [15]
Crop 2010 — 2080  [15]
Protected 2004 [16]
Agriculture suitability 2002 [17]
Biomass 2005 Self
Forest area 2000 [11]
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Table 3 - Country level values

Discount rate 8]

Fraction of long living products  [2]

Corruption [5]

PPP [7]

Table 4 - Global values

Baseline 0.1
Decay rate long In(2)/20
Decay rate short 0.5
Factor carbon uptake 0.5
Frequency of incentives payment 5 years
tC to m? 4
Harvest losses 0.3
Hurdle 1.5
Maximum rotation interval 140 years
Minimum rotation interval 5 years
Planting costs 800 $/ha
Carbon price 0-508$/tC
Carbon price incentives 0-50$/tC
Minimum Land price 200 $/ha
Maximum Land price 900 $/ha
Minimum Timber price 5$/ha

Maximum Timber price 35%/ha
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