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Abstract

We constructed a system dynamics model for a cagoaforest landscape in South-
western Ghana to explore the likely impact of rédg@emissions from deforestation and
forest degradation (REDD) payments on local farmREDD strategies could potentially
conserve forests and impact the poor. Participatagieling was carried out with a
diverse range of stakeholders to explore REDD paysn&s an option to local farmers.
This paper describes the full structure, dynamizksiaformation input of the model built
of the Wasa Amenfi West district.

Introduction

Following the United Nation’s conference of partesclimate change in Bali, December
2007, reduced emissions from deforestation andfalegradation (REDD) are heavily
debated. The concept in brief is this: paymentsvade to governments of developing
countries if they decrease ¢@mitted from deforestation and forest degradatioth
payments based on the difference between realmexsi®ns and projections from a
historical baseline. Ghana'’s deforestation rat2.0% is high compared to the average of
0.7% for the sub-Saharan countries and 24% ofdbatcy is still covered with forest
(WB 2008). These national statistics look promidmgGhana’s REDD potential. A
participatory model was built for the Wasa Amenfesvdistrict, SW Ghana, in order to
explore potential REDD payments as an option tallGarmers. This paper describes in
detail the full structure of the model, gives atmoduction to the STELLA modeling
language, the steps taken in the participatory tmglprocess and provides the sources
of information of the data entered into the model.

Methods

Steps taken in the participatory model building pracess

We will describe an idealized sequence of steplamparticipatory modeling process
(Fig. 1) although as in many multi-stakeholder psses there was some iteration and
backtracking during the workshop.



Figure 1. Sequence of steps in participatory modeling procepied from Sandker et al
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In the first step, we developed visions of the fataround topics of interest. As a prelude
to visioning, we encouraged participants to thib&wa change by discussing historical
events that affected conservation and developmgnbmes. We examined underlying
trends in ecological and socioeconomic variables.tién identified some potential
major drivers of change, and developed positiversghtive scenarios from poverty and
biodiversity perspectives. In so doing, we ideatifthe key issues for modeling.

The second step consisted of identifying what mpdeameters we are interested in;
their outcomes are plotted on graphs. For the sitefta REDD this is the amount of
carbon prevented from being emitted by deforestadind forest degradation, and the
cash income for the farmers that preserve thisocadn their lands.

The third step consisted of conceptualizing thel$aape; this involved defining the
major sectors for the model, the spatial dimensansthe major connections between
sectors. This step is conducted on paper or ina%témap layer”.

The fourth step was the detailed model buildingtella: defining the main variables
(stocks and converters in model terms) in eactosembllecting the initial values for
these variables, and defining how variables infageheach other. Small groups of
stakeholders worked on different sectors after tithey were presented and discussed
as a group and linked together in one landscapesinod

The fifth step consisted of reality checks, runniing model under different conditions
and exploring how simulations compared to whanisvkn by stakeholders. The
simulations often led to revisions of assumed Wdemand relationships and revealed the
need for additional data; data which was colleatettie beginning of 2009 by household
surveys.

Once the model simulations were found to be realist all stakeholders, we moved to
the final step of exploring scenarios and askingdtif..” questions.



The participants and data fed into the model

The model was built with various stakeholders:sritit official of the Ministry of Food
and Agriculture, a cocoa farmer, a representativetonber company and staff working
for local and international environmental NGOsadtidition there were modeling and
remote sensing experts, 15 persons in all. Thermmdton fed into the model is mostly
information from district reports, the literaturedistrict and national statistics.
Whenever data was lacking a mediated estimate \aae oy the local experts either
based on their knowledge or on data from comparshlations.

The modeling language STELLA

The system dynamics model of the Wasa Amenfi Wisstict was built using the
software STELLA (HPS, 1996). STELLA's interface tiaeee levels: the equation level,
the model level and the interface level. The egudevel is generally the least used, the
model is built at the model level and the interfenee| gives an overview of the different
sectors of the model.

STELLA models are built using four basic elemesftsonstruction: ‘stocks’, ‘flows’,
‘action connectors’ and ‘converters’ (Fig 2).

Figure 2. A STELLA model for population (in STELLA’a modedvel)
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Stocks (e.g. ‘Population’ in Fig 2) represent coiodis within a system; they are a
quantity of something with one single unit (e.g.’kpersons, 1i). Stocks are represented
with the following formula:

X(t) = X (t-dt) + (Inflows — Outflows) * dt

where t= time and dt = the time step

None of the stocks in this model can have a negatue. There are different stock
variants, of which two are used in this model. VBedithe ‘classic’ stock, called a
‘reservoir’ (‘Population’ in Fig. 2 and ‘Seconddigrest’ in Fig. 3), and a ‘conveyor’ to
simulate aging (‘Fallow land’ in Fig. 3).



Figure 3. A STELLA model for re-growth of fallow land int@fest using a conveyor
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The initial value entered in the conveyor is coastdl to be of different ages spread
equally over the transit time. For example, inékample of Fig. 3 we entered a
transition time for re-growth of 5 years; when &t the initial value of fallow
land=100ha, then during the first 5 years of tiheusation, 20 ha will grow into
secondary forest each year. After the first traimsiée in the simulation has passed, the
outflow equals the inflow with one transit time alin our example this would be
outflow (t) = inflow (t-5).

Flows (‘Population increase’ and ‘Population desegan Fig. 2 and ‘Regrowth’ in Fig.

3) represent the activities that cause conditiorshainge and add dynamics to the values
of stocks. Flows do not have a predetermined foarstructure but have the same unit as
the stock with which they are connected per tinep ¢&.g. kiftyear, persons/year).

In a metaphor HPS (2003) suggests that if stoaksianns and flows are verbs, then
converters (‘Birth rate’ and ‘Death rate’ in Fig.&e adverbs. Converters add
information and are often used to define flows eovert their units correctly. They
have no predetermined formula structure and care bengle (e.g. ha, elephants) or
combined units (e.g. elephants/h&ymar). Often they are constant values but their
values can also be defined as functions or ‘grapliimctions’. When a converter is a
graphical function its value can change in a naedr manner over time or with the
values of stocks, flows or other converters inrttezlel. E.g. one can make a graphical
function of Birth rate making its value depend a@p#®ation; we can enter a constant
value until the population reaches a certain nunalter which we can lower the value of
Birth rate with an S-shaped curve.

The last element of the STELLA language is theoactionnector (the red arrows in Fig
1). Action connectors transport information froracits, flows and converters to flows
and converters. E.qg. if the flow ‘Population ingeas determined by ‘Birth rate’ x
‘Population’, then action connectors are needenhfiBirth rate’ and ‘Population’ to
‘Population increase’.

A landscape model is often sub-divided in diffeneraidel sectors, just to make it easier
to navigate the model and to keep a degree of awenwhen the model gets more
complex. The sectors of the Wasa Amenfi West madedisplayed in Figure 4. The
arrows between the sectors indicate where infoomdtom the sector from which the
arrow departs is used in the sector the arrow paint



Figure 4. Sectors of the Wasa Amenfi West model and sliderdnning different
scenarios (in STELLA's interface level)
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Located below the model sectors one can see a shtled ‘REDD Scenarios’. A slider
is a converter which can take different values. 3lider in Fig. 4 can take the value 0, 1
and 2. The incremental step is set at 1 so therslidthis example cannot take
intermediate values (e.g. 1.5). Sliders are usued so one can easily run different
scenarios or to change the value of a parametesavinfluence on the model outcomes
we’d like to explore.

In the Ghana model the three scenarios exploredidegned as follows:

REDD Scenarios= 0: ‘Business as Usual’ (BAU), foiedeing converted to cocoa
plantations

REDD Scenarios= 1: ‘Reducing emissions from detates’ (RED), none of the
current are covered with old growth forest is catec

REDD Scenarios=2 ‘Reducing emissions from defotiestaand forest degradation’
(RED&D), none of the current area covered with gddwth or secondary forest
is converted



Detailed description of the model formulas

In this section the formulas used to model the $aage are described per sector. The
formulas are ordered as stocks, flows and conwetit@mugh some sectors only include
converters (carbon, cocoa production, REDD paymamtisincome and NPV). The
stocks, flows or converters in red originate frowiféerent sector.

SECTOR: Rural population

Only the rural population is included in this modeice the urban population is not
involved in REDD and will not affect deforestatioruch. Rural population increase is
mainly caused by births in the district as theand out migration was expected to be
minor. There might be a possible shift from rurabple becoming urban (farmers
changing to the service sector) and/or one migpeggnce an increase in rural people
migrating out of the district, especially with lahdcoming scarce. However this is not of
major importance for the outcomes of REDD and wasncluded in the model.

The rural households are divided into large landéd (LL Households) and
smallholders (SH Households) because these howsetia differently affected by
REDD payments.

Information in model Source

Population size district 2008: 190,400 Mediated estimate using district report 2000 dath p

85% of the population is rural local expert knowledge

Birth rate = 4%
Death rate = 1.5%

Average household size = 5 people Average from cialtacted in 2000
14% of the households are large landholders, 88%cal expert estimates
smallholders

Immigration and outmigration is assumed 0

Stocks
LL_households(t) = LL_households (t - dt) + LL_hhcriease — LL_hh_decrease
SH_households(t) = SH_households (t - dt) + SH_ridrease — SH_hh_decrease

Flows:

LL_hh_increase = Birth_rate * LL_households * dt
LL_hh_decrease = Death_rate * LL_households * dt
SH_hh_increase = Birth_rate * SH_households * dt
SH_hh_decrease = Death_rate * SH_households * dt

Convertors:

Birth_rate = 0.04

Death_rate = 0.015

Total_hh = LL_households + SH_households
Total_rural_population = Total _hh * 5

Change_in_hh_LL =LL_hh_increase - LL_hh_decrease
Change_in_hh_SH = SH_hh_increase - SH_hh_decrease



SECTOR: LAND TRANSITIONS

Deforestation in the landscape has occurred maunigide forest reserves, driven by

local farmers clearing for cocoa production. Thisd cover change dynamic is our main
interest which is why this conversion is modeledniore detail. It is unclear whether
timber and rubber plantations would increase orelese to make way for cocoa; these
areas are presumed to remain constant. The deraandw cocoa land is modeled in
such a way that the cocoa area per household rertie@rsame as long as there is enough
land available to realize this condition.

Information in model Source
District size is 346,462 ha of which 12% is forestDistrict report 2000
reserve

Land cover outside forest reserves in 2008: 2% Mediated estimates using Aster 2007 images and
urban and bare soil, 3% non forested fallow, 8%2009 household surveys

food crops, 6% food crops intercropped with
young cocoa, 19% 2-8 year old cocoa, 42%
productive cocoa, 5% timber and rubber, 10%
secondary forest and 5% old growth (of which
one quarter is sacred forest), 0% forested falloyw

Sacred forest is not converted Local expert knogded

We assume deforestation of old growth forest toMediated estimates using Aster 2007 and Landsat
continue to expand linearly with the same annya2000 images
guantity as seen between 2000 and 2007

Old growth forest is located on the land of the | Mediated estimates based on 2009 household
large landholders as well as 80% of the secondasyrveys and local expert knowledge

forest; 20% of the secondary forest is located gn
the land of the small landholders

40% of the total cocoa, food crop, non-forested
fallow and timber and rubber land is located on
the land of large landholders, 60% on the land pf
the small landholders

Cocoa starts to produce after 8 years, remains
productive for 20 years followed by a fallow
period of 3 years

For the first 2 years, young cocoa is intercropped
with food crops

The food crop area will be at least 1 ha per rural
household

Food crops are for subsistence use only, not far
cash

There is a preference for converting old growth
forest rather than secondary forest into cocoa by
large landholders. Without restrictions 90% of
their demand for new cocoa land is assumed t¢
come from old growth forest




Large landholders’ (LL) land:

Figure 5. Model for dynamics of land uses on large landhadand (in red, dotted are
model elements calculated in other model sectalsapied’ to this sector maintaining
its dynamics)
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Stocks

Old_growth_off reserve_ LL(t) = Old_growth_off regeft - dt) + (Regeneration —
Old_growth_into_cocoa) * dt
Old_growth_off_reserve(0) = 11,400 ha

Sec forest LL(t) = Sec_Forest LL(t - dt) + (Falldw sec LL -
Cocoa_planting_on_sec_LL - Regeneration) * dt
Sec_forest_LL(0) = 24,406 ha

Cocoa_& food LL(t) = Cocoa & food LL(t- dt) + (Com_planting_on_sec LL +
Old_growth_into_cocoa + Cocoa_on_fallow _LL — Coamzer_2yrsLL) * dt
Cocoa_& food LL(0) = 7,342 ha

Cocoa 3 to 8 yrs LL(t) =Cocoa 3 to 8 yrs LL(t)-#d{Cocoa_over_ 2yrsLL -
Cocoa_over_8yrsLL) * dt
Cocoa_3 to 8 yrs LL(0) =22,842 ha

Productive_cocoa_LL(t) = Productive_cocoa_LL(t)+{Cocoa_over_8yrsLL -
Cocoa_deterioration_LL) * dt
Productive_cocoa_ LL(0) =51,394 ha

Food_crop_LL(t) = Food _crop_ LL(t-dt) + Crops_oncoa land_LL * dt



Food crop_LL(0) =9,946 ha

Non_forested_fallow LL(t) = Non_forested_fallow_ltl-(dt) - Cocoa_on_fallow_LL *
dt
Non_forested_fallow LL(0) = 3,661 ha

Conveyor stock:

Forested_fallow_LL(t) = Forested_fallow_LL(t - dt)(Cocoa_deterioration_LL -
Fallow_to sec LL) *dt
Forested_fallow LL(0) =0
Transit time = 3 years

Flows:
Regeneration = if REDD_Scenarios=2 then Sec_fot&s¥rs 40 else 0
Old_growth_into_cocoa = if REDD_Scenarios=0 then
Demand_for_new_cocoa_land_LL*0.9 else O
Fallow_to sec LL = CONVEYOR OUTFLOW
Cocoa_planting_on_sec _LL = if REDD_Scenarios=2 thallow to sec LL else
Demand_for_new_cocoa_land_LL-Old_growth_into_cocoa
Cocoa_on_fallow_LL = Demand_for_new_cocoa_land_LL -
Cocoa_planting_on_sec_LL
Cocoa_over_2yrsLL = Cocoa_&_Food_LL(t)/Yrs_2
Cocoa_over_8yrsLL = Cocoa 2 to_8 yrs LL(t)/Yrs_6
Cocoa_deterioration_LL = Productive_Cocoa_LL(t)/Y28
Crops_on_cocoa_land_LL =if Food_crop_area per_hl<hthen (1-
Food crop_area per LL_hh)t households(telse O

Convertors:

Demand_for_new_cocoa_land _LLGhange in_hh L* Land_per_new_LL_hh +
Cocoa_deterioration_LL

Food_crop_per_LL_hh = (Food_crop_LL + Cocoa_& fddd)/LL households

Land_per_new_LL_hh =21 ha

This value is obtained by (Cocoa_& food LL + Coc®ao 8 yrs LL +

Productive_Cocoa_LL + Food_Crop_only LL + Forestédllow LL +

non_forested_fallow_LL)L householdat t=0

Yrs_2 = 2 years

Yrs_6 =6 years

Yrs_20 = 20 years

Yrs_40 = 40 years

Timber_& rubber_LL =6102 ha



Smallholders’ (SH) land:

Figure 6. Model for dynamics of land uses on smallholdemsdla
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Stocks

Sec_forest_SH(t) = Sec_forest_SH(t - dt) + (Falltmvsec_SH -
Cocoa_planting_on_sec_SH) * dt
Sec_forest_ SH(0) = 6,102 ha

Cocoa_& food SH(t) = Cocoa_ & food SH(t - dt) + (Gacplanting_on_sec_SH +
Cocoa_on_fallow_SH - Cocoa_over_2yrsSH) * dt
Cocoa_& food SH(0) =11,013 ha

Cocoa_3 to_8 yrs SH(t) = Cocoa_3 to 8 yrs SH(t+ {Cocoa_over_2yrs SH -
Cocoa_over_8yrs_SH) * dt
Cocoa_3 to_8 yrs SH(0) = 34,263 ha

Productive_cocoa_SH(t) = Cocoa_hh_SH(t - dt) + (@oover_8yrsSH -
Cocoa_deterioration_SH - Old_cocoa_into_food_ crat)
Productive cocoa_hh_SH(0) = 77,091 ha

Food_crop_ SH(t) = Food_crop_ SH(t - dt) + Crops amtoa land_SH * dt
Food _crop_ SH(t) = 14,918 ha

Non_forested_fallow_SH(t) = Non_forested_fallow_8&H{t) - Cocoa_on_fallow SH *
dt

Conveyor stock:

Forested_fallow_SH(t) = Forested_fallow_SH(t - €l{Cocoa_deterioration_SH -
Fallow_to_sec_SH) * dt
Forested_fallow_SH(0) =0
Transit time = 3



Flows:

Fallow_to _sec_SH = CONVEYOR OUTFLOW

Cocoa_planting_on_sec_SH = if REDD_Scenarios=2 Hatlow to _sec SH else
Demand_for_new_cocoa_land_SH

Cocoa_on_fallow_SH = Demand_for_new_cocoa_land_SH -
Cocoa_planting_on_sec_SH

Cocoa_over_2yrsSH = Cocoa_&_food_SH(t)/Yrs_2

Cocoa_over_8yrsSH = Cocoa_3 to_8 yrs SH(t)/Yrs_6

Cocoa_deterioration_SH = Productive_cocoa_SH(t)/20s

Crops_on_cocoa_land_SH = if Food_crop_area per_B#l then (1-
Food _crop_area per_SH_hhyH households(glse 0

Convertors:

Demand_for_new_cocoa_land_SHCaange in_hh_SHK5.2 + Cocoa_deterioration_SH
Food_crop_area per SH_hh = (Cocoa_& food SH+Foog &H)EH households(t)
Land_per_new_SH_hh =5.1 ha

This value is obtained by (Cocoa & food SH + Co@ado 8 yrs SH +
Productive_Cocoa_SH + Food_Crop_only SH + Foreskadlow_SH +
non_forested_fallow_SH¥PH householdat t=0

Timber_& rubber SH = 9,152 ha

Remaining land:

Forest_reserve = 41,384 ha
Old_growth_sacred_forest = 3,813 ha
Urban & bare soil = 6,102 ha

SECTOR: CARBON

In this sector, the amount of carbon is calculdedvhich a payment can be received.
The BAU scenario is used as the carbon baselinduidtions in this sector are
convertors.

Information in model Source

Average carbon contents (ton C/ha) per land usévtediated estimations from Swallow et al. (2007),
Urban, bare soil= 0 ; non-forested fallow= 15; | Wauters et al (2008) and De Bruijn (2005)

food crops= 30; food crops intercropped with
young cocoa= 50; 3-8 year old cocoa= 70;
productive cocoa= 100; forested fallow= 130;
timber and rubber= 135; secondary forest= 160);
old growth forest= 200

Calculation of carbon (C) contents different landuss
C_old_growth_per_ha =200 ton C/ha
C_secforest_per_ha =160 ton C/ha

C_timber_& rubber_per_ha =135 ton C/ha
C_new_cocoa_per_ha =50 ton C/ha
C_cocoa_3to8 per_ha =70 ton C/ha
C_prodcocoa_per_ha =100 ton C/ha



C_forest_fallow_per_ha = 130 ton C/ha
C_nonforest_fallow_per_ha =15
C_food_crop_per_ha =30 ton C/ha

Total_C_old_growth_off _reserve = C_old_growth_ mer*
Old_growth_off_reserve LL(t)

Total_C_sec_forest_LL = C_secforest_per_liet Forest LL(t)

Total _C timber & rubber LL = C timber_& rubbeifimber & Rubber LL
Total_C_new_cocoa_LL = C_new_cocoa_per_liatoa & food LL(t)
Total_C_cocoa_3to8 LL = C_cocoa_3to8 per_latoa 3 to 8 yrs LL(t)
Total_C_prodcocoa_LL = C_prodcocoa_per_hadductive_Cocoa_LL(t)
Total_C_forest_fallow_LL = C_forest_fallow_per_h&#rested Fallow LL(t)
Total_C_foodcrop_LL = C_food_crop_per_h&dod_Crop_LL(t)
Total_C_nonfor_fallow_LL = C_non_for_fallow_per_halon_forested fallow LL(t)

Total _C_sec_forest SH = C_secforest_per_Bac¢ Forest SH(t)

Total_C_timber_& rubber_SH = C_timber_&_rubberimber_& Rubber_ SH

Total C_new_cocoa_SH = C_new_cocoa_per_Bacoa & food SH(t)
Total_C_cocoa_3to8_SH = C_cocoa_3to8_per_6acoa 3 to 8 yrs SH(t)
Total_C_prodcocoa_SH = C_prodcocoa_per_Racductive _Cocoa_SH(t)
Total_C_forest_fallow_SH = C_forest_fallow_per_h&drested Fallow_ SH(t)
Total_C_foodcrop_SH = C_food_crop_per_hadod Crop_only SH(t)
Total_C_nonfor_fallow_SH = C_non_for_fallow_per_halon_forested_fallow_SH(t)

Calculation of C contents for payment scenario ‘RED

The RED scenario only concerns carbon payments teince old growth forest is
located on their land. For scenario RED, the amaaintarbon for payment is obtained
by calculating the carbon stock for the land used teplace old growth forest after 20
years under BAU and subtracting this value fromdalkeulated carbon stock in the old
growth forest after 20 years (REDi). these calculations we ‘distillate’ only the carb
changes on the land which is currently covered withgrowth forest from the total
landscape carbon changes. Thus the carbon amoutitédand uses replacing old
growth forest under BAU is assessed by calculdtiegotal landscape carbon changes
on LL land after 20 years, minus the changes ifcaroutside the current old growth
area after 20 years as explained in more detaikHazlow.

C _cocoa_& sec & fallowLL= Total C new_cocoa LL #3loC_Cocoa 3to8 LL +
Total C Prodcocoa LL + Total C for fallow LL + Tbt& sec forest LL

Total_C_ outside_current_area_old_growthLL = Grapghiunction of time (year, value
Total_C_ outside_current_area_old_growthLL)
(0, 1.1e+007), (1, 1.1e+007), (2, 1e+007), (3, DF}0(4, 9.9e+006), (5,
9.7e+006), (6, 9.5e+006), (7, 9.6e+006), (8, 9.06}0(9, 9.8e+006), (10,
9.8e+006), (11, 9.9e+006), (12, 9.9e+006), (13-6096), (14, 9.9e+006), (15,
9.9e+006), (16, 9.9e+006), (17, 9.9e+006), (188086), (19, 9.9e+006), (20,
9.9e+006)



The values in this graphical function are the carlathvanges on the LL land excluding
the carbon changes in the land currently coveretth wid growth forest. The values are
obtained from the values of C_cocoa_& sec_ & fallbwlinning the model for 20 years
under a BAU scenario and multiplying the followitaws by zero:
Crops_on_cocoa_land_LL, Cocoa_on_fallow LL, Oldvgfo into_cocoa.

By giving these flows a value zero we calculatecrbon changes in the old growth
forest area going through the different cocoa stagee assume that the old growth
forest is only converted into cocoa, not into faoops.

C_cocoa_& sec_ & fallow_oldgrowthLL= Total C_new_caclL +
Total C_Cocoa 3to8 LL + Total C _Prodcocoa_ LL + Tdfafor fallow LL +
Total_C_sec _forest _LL + Total C_old_growth

Total C_scen BAU_& RED =C_cocoa_& sec_ & fallow grtovthLL - Total _C
outside_current_area_old_growthLL

We get the C-values for the area currently coveved old growth for the scenario BAU

and RED while multiplying the following flows by@eCrops_on_cocoa_land_LL,

Cocoa_on_fallow LL

Total_C_for_paymentLL RED = 1,220,456 tonC

This value is obtained from the converter valueal @@ _scen BAU_& REBt t=20

when REDD Scenarios=1 minus the converter valualTGt scen BAU & RERt

t=20 when REDD Scenarios=0. The flows Crops_on_aolamd_LL and
Cocoa_on_fallow_LL are multiplied by zero sincewant to calculate only carbon
changes in the land currently covered with old gitoand we assume the land currently
covered with old growth forest will be convertedtctmoa land, not into cropland.

Calculation of C contents for payment scenario ‘RERD’:

For scenario RED&D, the amount of carbon for payirisrobtained by calculating the
carbon stock for the land uses that replace oldhoand secondary forest after 20
years (BAU) and subtracting this value from thecaldted carbon stock in the area now
covered with old growth and secondary forest a#@years (RED&D). Under RED&D
this area remains covered with secondary and otohgin forest and some secondary will
grow into old growth forest increasing carbon canteln these calculations we
‘distillate’ only the carbon changes on the landievhis currently covered with old
growth and secondary forest from the total landgcegarbon changes. Thus the carbon
amount for the land uses replacing secondary addyobwth forest under BAU is
assessed by calculating the total landscape cadi@amges on LL and SH land after 20
years, minus the changes in carbon outside the ewme@ntly covered with secondary
and old growth forest after 20 years as explainechore detail here below.

C_cocoa_& fallowLL = Total C_new_cocoa LL + Total @coa 3to8 LL +
Total_C_Prodcocoa_LL + Total_C_for_fallow_LL

Total_C _cocoa_outside_current_area_old_growth & Idee Graphical function of
time (year, value Total C_cocoa_outside_current aiel_growth_& sec LL)



(0.00, 7.1e+006), (1.00, 7.4e+006), (2.00, 7.6e¥,0@00, 7.8e+006), (4.00,
7.8e+006), (5.00, 7.8e+006), (6.00, 7.7e+006),0,7/07e+006), (8.00,
7.7e+006), (9.00, 7.7e+006), (10.0, 7.7e+006),0,11.7e+006), (12.0,
7.7e+006), (13.0, 7.7e+006), (14.0, 7.7e+006)0,1B6.7e+006), (16.0,
7.7e+006), (17.0, 7.7e+006), (18.0, 7.7e+006),0(1R.7e+006), (20.0, 7.7e+006)
The values in this graphical function are obtairfiein the values of
C_cocoa_& fallowLL running the model under a BA@rsrio and multiplying the
following flows by zero: Crops_on_cocoa_land_LLc@a on_fallow LL,
Old_growth_into_cocoa, Cocoa_planting_on_sec_LL lapdonnecting the flow
Fallow _to_sec LL to the stock Cocoa_& food LL(st@ad of Sec_forest LL(t).
By giving these flows a value zero we calculatecirtbon changes in the secondary and
old growth forest area going through the differentoa stages, we assume that the
secondary and old growth forest is only converted tocoa, not into food crops.

Total_C land_currently old_growth_& sec LL = Total new_cocoa LL +
Total_C_prodcocoa LL + Total_C_sec forest LL +
Tot_C_old_growth_off reserve + Total C_cocoa_ 3td3+L
Total _C forest fallow LL

Total C_scen BAU & REDD_LL =Total C land_currentyd_growth & sec LL -
Total C_cocoa_outside_current_area_old_growth & Idec

We get the C-values for the area currently coveved old growth for the scenario BAU

and REDD while multiplying the following flows B8ra: Crops_on_cocoa_land_LL,

Cocoa_on_fallow LL

Total_C_for_paymentLL RED&D = 3,221,492 tonC

This value is obtained from the converter Total ¢@ns BAU & REDD_LL’s value at
t=20 when REDD Scenarios=2 minus the converter T@ascen BAU & REDD LL'’s
value at t=20 when REDD Scenarios=0. The flows Gram_cocoa_land_LL and
Cocoa_on_fallow_LL are multiplied by zero.

C_cocoa_& fallowSH = Total C_new_cocoa_SH + TotalCGcoa_3to8 SH +
Total C _Prodcocoa SH + Total_C_for_fallow SH

Total_C _cocoa_outside_current_area sec_SH = Gradhnction of time (year, value
Total_C_cocoa_outside_current_area_ sec_SH)
(0.00, 1.1e+007), (1.00, 1.1e+007), (2.00, 1.1e}0@3700, 1.2e+007), (4.00,
1.2e+007), (5.00, 1.2e+007), (6.00, 1.2e+007),0;71Q2e+007), (8.00,
1.2e+007), (9.00, 1.2e+007), (10.0, 1.2e+007)011.2e+007), (12.0,
1.2e+007), (13.0, 1.1e+007), (14.0, 1.1e+007)0,1b1e+007), (16.0,
1.1e+007), (17.0, 1.1e+007), (18.0, 1.1e+007)0(1B.1e+007), (20.0, 1.1e+007)

The values in this graphical function are obtairfiein the values of

C_cocoa_& fallowSH running the model under a BAehnseio and multiplying the

following flows by zero: Crops_on_cocoa_land_SHg@2o on_fallow_SH,

Cocoa_planting_on_sec_SH and by connecting theFaNow to sec SH to the stock

Cocoa_& food_ SH(t) instead of Sec_forest_SH(t).



Total_C_land_currently_sec_SH = Total C_new_cocbb+Jotal C_cocoa_3to8 SH
+ Total_C_prodcocoa SH + Total C_sec_forest SH +
Total_C_forest_fallow_SH

Total C_scen_BAU_& REDD_SH =Total C _land_currenslgc_SH -
Total_C _cocoa_outside_current_area _sec_SH

Total _C for_paymentSH_RED&D = 403,237 tonC

This value is obtained from the converter Total ¢@ns BAU & REDD_SH'’s value at
t=20 whenREDD Scenarios= fhinus the converter

Total C _scen BAU & REDD_ SH'’s value at t=20 when RE2enarios =0. The flows
Crops_on_cocoa_land_SH and Cocoa_on_fallow_SH aléphed by zero.

SECTOR: COCOA PRODUCTION

Production and income from cocoa plantations isuated in this sector. Income from
cocoa makes up for about 90% of the rural populaioash income (estimation district
officials 2007) which is why we use cocoa income gsoxy for total cash income
excluding REDD payments. All functions in this scire convertors.

Information in model Source
Cocoa production per ha= 11.8 bags (767 kg) | Data from Technoserve extension office in the
Costs are 20% of profit district

Cocoa price in Ghana: 1.57 New Ghana Cedis/kimformation from district official and cocoa farmer
(US$ 1.37/kg) in 2008 and is assumed to remajn
fixed

In additional simulations we assume the cocoa| WB 2008b
price to drop with 25% in the next 12 years as
prospected by the WB

We assume labour is not paid and the cost of thiExpert judgment
is not included in the model

Cocoa_production_per_ha =11.8 bags
Price_per_bag = if Price_Fix_or_WB=0 then US$8@ els
Price_predicted_by World_Bank
Price fix or WB= 0 or 1 (this convertor is a switahd can take the value 0 or 1)
Price_predicted_by World_Bank = Graphical functdnime (year, value
Price_predicted_by World_Bank)
(0.00, 89.0), (2.00, 76.0), (4.00, 69.0), (6.000858.00, 61.0), (10.0, 59.0),
(12.0, 57.0), (14.0, 55.0), (16.0, 54.0), (18.00%3(20.0, 53.0)
Profit_ratio = 0.8

Total_production_LL = Cocoa_production_per_hardductive_Cocoa_LL(t)
Total_cash_value_cocoa_LL = Total_production_LLricE_per_bag
Total_cocoa_income_LL = Total _cash_value cocoa_IRrdfit_ratio
Cocoa_income_per_LL_hh = Total_cocoa_profit_lLIL/Houdeholds



Total_production_SH = Cocoa_production_per_ladductive_Cocoa_SH(t)
Total_cash_value_cocoa_SH = Total_production_SkcePper_bag

Total _cocoa_income_SH = Total _cash_value cocoa_@idfit_ratio
Cocoa_income_per_SH_hh = Total_cocoa_profit S$H/Households

SECTOR: REDD PAYMENTS

In this sector the payment to the farmers (LL ak iS calculated. LL have old growth
and secondary forest on their land and thus re@@xson payments under both the
scenario RED and RED&D. SH only have some seconidaegt on their land so they
only get a carbon payment under scenario RED&D.

Information in model Source
We assume a carbon price of US$ 10/tor, CO | Average CQprice compared to prices on the
paid by investors existing Clean Development Mechanism market

mentioned by Capoor and Ambrosi (2008)

Transaction costs of REDD are presumed high Personal communication H. Purnomo (CIFOR) 2009
and thus we assume only 25% will reach the
farmers, the remainder going to middlemen, and
national and district REDD implementers

We assume a 20-year contract with: 20% paid uplow REDD contracts will be constructed has yet to
front; large payments paid every 5-years (10%) be determined. We assume a large payment up front
and 20% paid after 20 years if there is contract| in order to attract sellers of carbon and provide
compliance; and regular small payments in othefinance for start-up costs of sellers

years (2%)

1 ton C contains the same quantity of carbon asMurdiyarso and Skutsch (2006)
3.67 ton CQ

Conversion_factor_CO2_to C =1/3.67

Price_tonCO2 = 10US$

Share_to_farmers = 0.25

Contract_payment_share_per_year = Graphical fumctigime (year, value
Contract_payment_share_per_year)
(0, 0), (1, 0.2), (2, 0.02), (3, 0.02), (4, 0.05),0.02), (6, 0.1), (7, 0.02), (8, 0.02),
(9, 0.02), (10, 0.02), (11, 0.1), (12, 0.02), (@®2), (14, 0.02), (15, 0.02), (16,
0.1), (17, 0.02), (18, 0.02), (19, 0.02), (20, 0.2)

C_due_for_payment_LL = if REDD_Scenarios=1 themal C for paymentLL RED
else if REDD_Scenarios=2 thé&tal C for paymentLL RED&[®Ise O

Total_gross_ REDD_payement_LL = Price_tonC * C_dae gayment_LL

Total_net REDD_pay LL = Total_gross_REDD_payemeht* Share_to_farmers

Total_annual REDD_LL = Total net REDD pay LL *
Contract_payment_share_per_year

REDD_per_LL _hh =Total_annual_REDD_llll/ Houdeholds

C_due_for_payment_SH = if REDD_Scenarios=2 then
Total_C_for_paymentSH_RED&BIse O
Total_gross REDD_payement_SH = Price_tonC * C_dwephyment_SH



Total net REDD pay SH = Total _gross REDD payemétt: Share to farmers

Total_annual_ REDD_SH = Total_net REDD pay SH *
Contract_payment_share_per_year

REDD_per_SH_hh = Total_annual_REDD_SH/ Houdeholds

SECTOR: INCOME & NET PRESENT VALUE

In this sector we simulate total cash income ferriral population in the district over
the next 20 years and total Net Present Value (N®is cash income using a 10% and
20% discount rate. The formula used for NPV is:

NPViota = t=1 Y. 2° NPV/(1+r)

where NPVt is the net present value of the totedlrincome per year t, and r is the
discount rate.

All functions in this sector are convertors.

Total_rural_income JFotal cocoa_income_ Lk Total cocoa_income S
Total_annual REDD LI+ Total _annual REDD_SH

NPV _total rural_income_per_year 10% =
Total_rural_income/(Discount_Rate_10%"time)

NPV _total rural_income_per_year 20% =
Total_rural_income/(Discount_Rate_20%"time)

Income_per_capita ¥otal _rural_incom&otal_rural_population

NPV _rural_income_pp_per_year 20% = Income_per_adpiscount_Rate_20%"time)

NPV _rural_income_pp_per_year _10% = Income_per_adpiscount_Rate 10%"time)
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