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region where forest has been and continues to be lost to
cocoa production. Ghana receives support for develop-
ing early REDD activities from the World Bank’s Forest
Carbon Partnership Facility. Using simulation modeling,
we examine whether REDD payments to farmers would
provide the necessary incentives for farmers to opt for
reducing deforestation and forest degradation instead of
cultivating their land. We also examine some of the socio-
economic implications of REDD, given that many policy
makers are driven by development issues rather than en-
vironmental issues.

Methods
The landscape

The Wasa Amenfi West district in southwestern Ghana
covers an area of 34,646 km? of which 25% is natu-
ral forest. The district experienced heavy in-migration by
farmers growing cocoa, the most important cash crop, re-
sulting in a population of 156,260 inhabitants in 2000
(District Report 2005, unpublished). Forest reserves ac-
count for 12% of the total landscape and are largely
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Figure 1 Total carbon stock in the off-reserve area for (a) area currently covered with old-growth forest under “business as usual” (scenario 1) and
“avoided deforestation of old-growth forest” (scenario 2); and (b) area now covered with secondary and old-growth forest under “business as usual” and
“avoided deforestation of standing secondary and old-growth forest” (scenario 3).

and at what carbon price this would not happen
(Appendix S1). In general, discount rates are high among
low-income farmers (Campbell et al. 2006). However,
Richards & Asare (1999) argue discount rates to be low
among Ghanaian cocoa farmers, since many see cocoa
farming as a type of old age pension, suggesting a dis-
count rate of 6%. We used discount rates of 6 and 20%.
Three scenarios were modeled. Scenario 1 explores
business as usual: old-growth and secondary forest are
converted into cocoa plantations extrapolating the lin-
ear trend for the period 2000-2007. Scenario 2 explores
avoided deforestation of old-growth forest. In this sce-
nario, we assume all large landholders with old-growth
forest on their land opt to receive REDD payments and
no old-growth forest is converted into cocoa plantations.
Scenario 3 explores avoided deforestation of all forest. In
this scenario, we assume all farmers with standing old-
growth and secondary forest on their land opt to receive
REDD payments and no forest is converted into cocoa
plantations. Only degraded cocoa plantations and non-
forested land is used for new cocoa plantations.
Payments are simulated only for forest outside reserves
since the forest reserves are already under a national
forest conservation strategy and are not available to lo-
cal farmers. We assume an international carbon price
of US$10/ton CO, to be paid by investors (Table 1), of
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Figure 2 Income per capita for the rural population in the district under
three scenarios: (1) business as usual, (2) no conversion of old-growth
forest, and (3) no conversion of standing secondary and old-growth forest.

secondary forest after 6 years. Under scenario 2, 1.2 mil-
lion ton C is prevented from being emitted compared to
business as usual (Figure 1a).

Under scenario 3, after 1 year, all nonforested fallow
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Table 2 Net present values (US$) for 20 year income flows under the three scenarios with current and alternative model assumptions applying a 6 and

20% discount rate

Net present value — 6% discount rate

Net present value — 20% discount rate

Alternative assumptions

Alternative assumptions

Cocoa price for Cocoa price Carbon price Carbon price Cocoa price for Cocoaprice Carbon price Carbon price
farmer fixedat  increasing paid by paid by famer fixed at  increasing paid by paid by
US$1.46/kg  with 40% over  investors investors US$1.46/kg  with 40% over  investors investors
(price 2009) 20 years Uss$15 Us$20 (price 2009) 20 years Us$15 Us$20
Scenario1 5,169 7,455 8,677 5,169 5,169 2,405 3,270 3,608 2,405 2,405
Scenario 2 5,170 7,437 8,641 5,186 5,202 2,419 3,283 3,619 2,428 2,437
Scenario 3 4,922 7,013 8,092 4,974 5,026 2,377 3,198 3,512 2,405 2,432

conversion to cocoa. This scenario results in some delay
in carbon emissions but not in net emission reduction or
conservation of old-growth forest over 20 years. To stop
the deforestation of old-growth forest, a carbon price of
at least US$ 55-60/ton CO, is needed. Deforestation of
old-growth and degraded forest is stopped at a minimum
of US$ 70-75/ton CO,.

Discussion

Assuming an annual REDD payment, farmers are likely to
accept REDD initiatives, especially if a large up-front pay-
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by the International Union for Conservation of Nature
(IUCN) and facilitated by the Center for International
Forestry Research (CIFOR) and Charles Darwin Univer-
sity (Australia).

Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Appendix S1 Full description of the method, model
structure and dynamics.

Please note: Wiley-Blackwell is not responsible for the
content or functionality of any supporting materials sup-
plied by the authors. Any queries (other than missing ma-
terial) should be directed to the corresponding author for
the article.
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