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Over the last few decades, smallholder cocoa farmers in West Africa and Southeast Asia have increasingly turned 
to full-sun production systems. The initial high yields and quick returns on investment produced by this input-
dependent monocropping approach has propelled dramatic expansion of full-sun cocoa in places where 
conditions are right. Governments and their private sector and development partners have fueled adoption of 
these systems through policy measures that strengthen both export commodity markets and the research and 
extension networks that provide the necessary technical support. However, the benefits of full-sun cocoa are 
short-lived. Over time, producing cocoa in this manner speeds soil and water degradation and fosters high pest 
and disease burdens, leading to sharp drops in productivity after around 15 years. To maintain production levels, 
smallholders extend their plantations, progressively replacing forests with cocoa. This threat to forests has been 
difficult to contain. As world demand for cocoa continues to grow, and climate change alters suitability zones and 
makes new forest areas suitable for cocoa production, it becomes critical to understand the drivers and hazards 
of full-sun systems, and to identify and promote effective approaches that better meet livelihood, production, and 
ecosystem objectives. The experience of Sulawesi, Indonesia, illustrates how rapidly full-sun systems can take 
hold, and how difficult it is to promote more sustainable agroforestry systems. The problem is urgent, and 
solutions have only begun to emerge. 1  

Authors: Dr. David Miller & Katherine Young; contributor: Benjamin Hodgdon 

THE EXPANSION OF FULL-SUN COCOA CULTIVATION  

From its origin in the Amazon basin, cocoa (Theobroma cacao, L.) 
cultivation has expanded to cover more than 12 million hectares 
worldwide. In West Africa alone, cocoa farmers increased land 
under cultivation by 5.1 million hectares between 1970 and 2019 
(FAOSTAT, 2021). Smallholder cultivation for international 
commodity markets has driven this expansion, and today an 
estimated 5 million farmers produce the vast majority of the 
world’s cocoa supply. The industry has most rapidly expanded in 
zones where agroecological suitability is greatest: tropical forest 
zones. In Côte d’Ivoire in 1996, 88 percent of the land farmed in 
cocoa was recently forested; in Ghana, 68 percent had been forested (Freud et al., 1997). 

Although historically, farmers cultivated cocoa underneath native trees, over the past three decades in 
particular, full-sun monocultures have replaced shade-grown systems. Smallholders both introduce full-
sun systems on forest land they clear, and transition existing agroforestry systems to full-sun through 
the gradual reduction of shade trees.  

The dramatic expansion of full-sun cocoa profoundly affects the forests, biodiversity, and carbon stocks 
of cocoa producing countries. Neither researchers nor the cocoa industry have produced reliable data 
on just how much of current cultivation or recent expansion involves full-sun systems. Establishing 
baselines and measuring the rapid changes in land use has proved complex and resource intensive. But 
where data is available, the trends are startling. In 2002 in Ghana, 28 percent of the 1.2 million hectares 
under cocoa production was full-sun; by 2008, 87 percent of the total area, which had risen to 1.8 
million hectares, was full-sun (Ruf, 2011; FAOSTAT, 2018).  

 

1  The ProLand Sustainable Agricultural Intensification Case Studies illustrate strategies used to mitigate the impact of agricultural 
interventions on forests. Drawing on the most recent evidence-based research, the case studies provide insights and research-based 
findings relevant to USAID programming. 

Sources of the World’s Cocoa 

• Upper Guinean Rainforest, Côte 
d’Ivoire: 46 percent  

• Semi-deciduous Guinean Forests, 
Ghana: 17 percent  

• Sulawesi Lowland Rainforests, 
Indonesia: 3 percent  

(ICCO, 2021) 
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The loss of the world’s forests—as well as more complex, shade-grown cocoa agroforests—to full-sun 
cocoa cultivation has serious implications for Earth’s carbon balance. Compared to a natural forest, full-
sun cultivation reduces carbon storage above- and below-ground by well over 70%, on average 
(Montagnini & Nair, 2004; Nair et al., 2010; Somarriba et al., 2013; Rajab et al., 2016).  

World demand for cocoa is growing 3 to 4 percent per year, and experts predict that by 2025 an 
additional one million tons will be required to meet the demand (ICCO, 2018a). Moreover, global 
climate models project that by 2050, higher temperatures and altered rainfall distribution will shift the 
suitability of cocoa production to new areas, increasing the pressure on remaining natural forests (Anim-
Kwapong & Frimpong, 2005; Oyekale et al., 2009; Läderach et al., 2013; Lahive et al., 2019). Global 
shortages of cocoa projected for 2030 could result in a 500 to 600 percent increase in cocoa prices 
(Witjaksono, 2016; ICCO, 2018b), providing an even greater economic incentive to expand full-sun 
production. 

THE “BOOM” AND “BUST” OF FULL-SUN COCOA PRODUCTION  

Few scientific studies find reason to recommend full-sun cocoa for sustainable, long-term production. 
Intensifying cocoa production through monocropping produces higher yields in the early years. By 
allowing farmers to plant trees more closely, and through increasing yields per tree, full-sun cultivation 
can raise yields 22 percent compared to moderate shade-grown cultivation with fertilization, and it can 
raise yields 50 percent over heavy shade-grown cultivation without fertilizer (Lachenaud and Mossu, 
1985; Ahenkorah et al., 1987; Ahenkorah et al., 1974; Johns, 1999). Yet this production boom ultimately 
busts. Without the intensive application of inorganic fertilizer, soil fertility rapidly declines on full-sun 
cocoa farms. Even with fertilization, yields decrease after 15-20 years.2  

Inorganic fertilizers have the potential to efficiently provide nutrients to cocoa; however, they do not 
improve the physical properties of soil, such as structure porosity and soil microbial activity. Nor do 
they increase the accumulation of organic matter, which is key to sustaining long-term nutrient cycling 
and soil moisture. Nitrogen fertilizer utility depends upon the availability of phosphorous, which is 
particularly scarce in tropical soils, largely stored in soil organic matter, and easily lost to erosion.  

Clearing forest timber creates new farmland with minimal weeds, pests, and diseases, and an abundance 
of pollinators in nearby intact forest; yet these are transient benefits. Clearing shade trees for cocoa also 
abruptly changes forest cover, resulting in nutrient leaching and runoff, wind and water erosion, and 
reduced water-holding capacity, making flood events stronger and more common. Canopy loss also 
disrupts pollination and natural habitats for pest predators, making cocoa more susceptible to pest and 
disease outbreaks. Some research even suggests that the brief high yields under full-sun result from 
physiological stress rather than photosynthetic stimulation (Johns, 1999; Rice & Greenberg, 2000; Belsky 
& Siebert, 2003; Steffan-Dewenter et al., 2007; Clough et al., 2009; Rajab et al., 2016; Claus et al., 2018).  

  

 

2  See Ahenkorah et al., 1974; Rice & Greenberg, 2000; Belsky & Siebert, 2003; Waltert et al., 2005; Maertens et al., 2006; Steffan-Dewenter 
et al., 2007; Clough et al., 2009; Tscharntke et al., 2011; Vaast & Somarriba, 2014; Rajab et al., 2016 for studies on the effects of full-sun 
cocoa cultivation on agronomic and ecological outcomes. 
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WHAT DRIVES SMALLHOLDERS TO ADOPT FULL-SUN COCOA 
CULTIVATION?  

International, national, and local economic factors provide incentives for smallholders to adopt full-sun 
cocoa production. Governments help create the market conditions that support expansion of the 
capital-intensive production of cocoa and other export commodities by subsidizing inputs, levying value-
added taxes, and promoting competitive exchange rates and low inflation (Akiyama & Nishio, 1999; 
Witjaksono, 2016; Leblois et al., 2017; Combes et al., 2018). This enabling environment intersects with 
the microeconomics of smallholder systems. Farmers learn from early adopters that yields and returns 
on investment increase sharply with full-sun cultivation. Sun-tolerant cocoa varieties can be harvested 
within 18–24 months (compared to 3–5 years) and they produce higher yields for 10–15 years. The 
initial high profits and low labor demands of the systems offset the costs of inputs. For many 
smallholders it makes great economic sense to opt for these short-term profits over longer-term 
investment and less certain future returns (Ruf, 2011).  

Factors that allow for land-expansive agriculture also favor full-sun cocoa systems. Easy access to forest 
lands allows producers to adopt a system which depends on clearing and displacement. In some cases, a 
market for timber or woodfuel may help defray the costs of removing trees. Producers also use the 
trees to meet subsistence needs like housing, fencing, and fuel. Formal and non-formal tenure regimes 
may recognize certain rights for individuals who clear farmland, thus rewarding deforestation. The 
possibility of gaining access to credit through this new collateral may also encourage full-sun cultivation’s 
land- and capital-extensive approach (Akiyama & Nishio, 1999; Witjaksono, 2016).  

Recently developed technologies also strengthen the viability of full-sun cultivation. The cocoa industry 
has collaborated with partners to provide technologies that increase full-sun cocoa productivity (Ruf & 
Schroth, 2004). Working with research institutions, the industry has supported the development of the 
hybridized varieties, herbicides, fertilizers, and pesticides required for full-sun cultivation. It has then 
joined governments, NGOs, and implementing partners to push these technological packages out to 
smallholders.  

THE EXPANSION OF FULL-SUN COCOA CULTIVATION INTO 
THE FORESTS OF SULAWESI, INDONESIA 

The Sulawesi region of Indonesia illustrates the interplay of 
household economics, national enabling conditions, and 
international commodity markets driving the advance of full-sun 
cocoa systems in high-priority forest conservation zones around 
the world. Much of Sulawesi provides near-optimal agroclimatic 
conditions for cocoa farming, which was introduced relatively 
recently and has expanded rapidly. Migrant farmers returning from 
Malaysia brought full-sun cocoa cultivation to Sulawesi around 
1980. By 2000, full-sun systems dominated the region. Sulawesi 
smallholders today produce about 3 percent of the global cocoa 
supply (ICCO, 2021). Much of this expansion occurred inside Lore Lindu National Park (LLNP), home to 
some of the world’s rarest plant and animal species. Smallholders in 70 percent of the bordering villages 
cultivate within the park (Maertens, 2003; Schwarze, 2004; Seeberg-Elverfeldt et al., 2009).  

The combination of factors that has driven the expansion of full-sun systems in other cocoa-producing 
countries—economic incentives, land and forest tenure policy, and technology promoted by cocoa 

Of 12 villages adjacent to Lore Lindu 
National Park, 35.4 percent of the 
cocoa plots were established by 
converting natural forest, 22.9 
percent were converted from other 
perennial crop systems, and 25.8 
percent were converted from lands 
previously cultivated with annual 
crops (Juhrbandt et al., 2010).  
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companies—has fostered the rapid expansion of full-sun cocoa in Sulawesi as well. The Indonesian 
government has imposed few taxes on export commodities and supported favorable exchange rates. 
Smallholders in some places were able to take advantage of relatively secure tenure to expand 
cultivation; in other places farmers have secured tenure by planting cocoa.3 All smallholders have 
benefited from virtually unrestricted access to forestland, including indigenous customary forest (hutan 
adat) without formal tenure recognition. Meanwhile, government and partners have strongly promoted 
hybridized seedlings and inputs for full-sun systems developed by research institutions and the cocoa 
industry (Ruf et al., 1995; Akiyama & Nishio, 1999; Schwarze, 2004; Panlibuton & Lusby, 2006; Juhrbandt 
et al., 2010).  

Also reflecting a pattern followed in other countries, smallholders in Sulawesi experienced the “boom 
and bust” of high initial productivity followed by steep declines. Yields dropped significantly over 5–20 
years, from averages as high as 2,500 kilograms per hectare down to an average of 450 kilograms per 
hectare, due to declining soil fertility, loss of moisture, and damage inflicted by increasing pests and 
diseases (Ruf et al., 1995; Juhrbandt et al., 2010; Witjaksono, 2016; Schaad & Fromm, 2017).4   

Beyond causing major losses in biodiversity, cocoa-driven forest conversion in Sulawesi produces 
substantial carbon emissions. Even where shade trees are retained, conversion of natural forest for 
cocoa cultivation reduces carbon storage by 75-88% (Steffan-Dewenter et al., 2007; Smiley & Kroschel, 
2008).  

While the emissions resulting from cocoa-driven land use change remain unquantified at a national scale, 
they can be estimated by extrapolating from site-level data. Conversion of near-primary forest to cocoa 
agroforestry systems in one Central Sulawesi village released approximately 600 tonnes of CO2 per 
hectare (Steffan-Dewenter et al., 2007). Projecting this rate onto the total of 1.73 million hectares under 
cocoa cultivation in Indonesia (FAOSTAT), a significant share of which is full-sun, cocoa cultivation 
would be responsible for at least 1 gigatonne of CO2 emissions.5 That is equivalent to 43 percent of 
Indonesia’s annual national carbon emissions from land use change.6 Even as a rough estimate it is clear 
that cocoa-driven forest conversion is a major source of land-based carbon emissions in Indonesia.  

THE AGROFORESTRY ALTERNATIVES TO FULL-SUN COCOA 
PRODUCTION 

For farmers to adopt alternatives to full-sun cocoa production, the alternatives must meet the demands 
of smallholder livelihood strategies. They must generate harvests and income for both the short and 
long term while supporting the maintenance and enhancement of ecosystem services. Evidence suggests 
that application of variable agroforestry systems (AFS) for cocoa production can meet these criteria. 
Cocoa AFS range from simple boundary plantings to intercropped species under varying shade levels to 
diverse multistrata systems. Either natural forest or a succession of crops and trees can provide shade. 

 

3  Tenure has a complex role mediating investment in cocoa in Sulawesi, where an individual’s land rights may fall under one of seven main 
types of land tenure arrangements that vary greatly in security. See, for example, Barkmann et al., 2010.  

4 Juhrbandt et al., 2010, reported that Cocoa Pod Borer (Conopomorpha cramerella) and Black Pod Disease (Phytophthora palmivora L.) 
damaged harvests on almost all plots.  

5 The calculation: 600 t CO2 per ha * 1.73 million ha = 1.038 Gt CO2 in 2017. Total national carbon emissions from logging and agricultural 
land conversion is estimated to be 2.44 Gt CO2 (USAID, 2017). 1.038/2.44 = 0.425, or 43 percent. 

6  Emissions from cocoa-driven deforestation occurred over decades; collectively they amount to approximately 43 percent of Indonesia’s 
annual CO2 emissions in the land use sector. 
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Flexible and adaptable, AFS offer a spectrum of options 
that, when properly fitted to the context, can maintain 
yields and support diversified income and ecosystem 
services over the long term.  

AFS can be more productive than full-sun systems over 
the long term. While net cocoa yields from AFS are 
lower initially, they are more stable over time, and 
ultimately can provide higher yields than full-sun.7 In 
one site in Ghana cocoa yields have been found to 
increase with canopy cover (up to around 30% cover) 
over time (Asare et al., 2019). Across decades, farmers 
spend less on inputs and expend less labor on tasks 
such as pruning and weeding.8 Moreover, the 
productive lifetime of shade-grown cocoa trees in AFS 
can be 50 years or more, at a minimum twice the productive lifetime of trees in full-sun systems. 9 

Through the introduction of high-value shade trees providing fruit, nuts, spices, medicines and, 
ultimately, timber, smallholders complement cocoa income with sales of diverse products over both the 
short and long term. In doing so, they spread risk and increase resilience in the face of market 
fluctuations, extreme weather events, and climate change (Ruf et al., 1995; Smiley & Kroschel, 2008; 
Somarriba et al., 2013; Mithöfer et al., 2017). Smallholders also “insure” themselves through such 
diversification. Much as pastoralists build “livestock banks,” cocoa AFS smallholders manage shade trees 
as stored capital, providing a lump sum from the sale of timber, for example, when emergencies arise 
(Schwarze, 2004; Tscharntke et al., 2011).  

AFS maintain long-term productivity by supporting the regeneration and sustenance of ecosystem 
services, such as carbon sequestration, soil enrichment, pollination and biological pest control, and 
water quality regulation.10 Shade reduces input requirements by limiting weeds in the undergrowth and 
cycling nutrients more effectively. Many AFS are also less susceptible than full-sun systems to drought11 
and pest and disease outbreaks.12 Properly managed, AFS incorporate the ecological processes and 
services smallholders seek when producing cocoa in natural forest (Senanayake & Jack, 1998; Ashton & 
Ducey, 2000; Young, 2017). 

The diversity and durability of AFS reduce their impact on 
forests. Cocoa AFS intensify production by diversifying 
species in the subcanopy. This vertical intensity expands the 
available growing area. As AFS remain productive much 
longer than full-sun production, they also forestall 
abandonment. Cocoa AFS on the edges of sensitive forest 

 

7  See Ahenkorah et al. 1974; Beer et al., 1998; Johns, 1999; Siebert, 2002; Magne et al., 2014; and Juhrbandt et al., 2010 on yields over time. 

8  See Rice & Greenberg, 2000; Siebert, 2002; Belsky & Siebert, 2003; Ruf & Schroth, 2004; Belcher et al., 2005; Obiri et al., 2007; Steffan-
Dewenter et al., 2007; Clough et al., 2009; Rajab et al., 2016 on labor reductions associated with AFS. 

9  Cocoa trees in Bahia, Brazil, have been shown to produce (albeit limited yields) up to 150 years (John, 1999). 

10  See Montagnini & Nair, 2004; Rice & Greenberg, 2000; Ong et al., 2004; Bhagwat et al., 2008; Nair et al., 2009; Jose, 2009; and Schroth et 
al., 2011 on ecosystem services regulated through AFS. 

11  See Siebert, 2002; Lin et al., 2008; Moser et al., 2010; Tscharntke et al., 2011; and Rajab et al., 2016 on drought responses. 

12  See Rice & Greenberg, 2000; Bos et al., 2007; and Rajab et al., 2016 on pest/disease outcomes. 

How AFS works 

Young cocoa plants can be nursed in the shade 
until they establish. After this, the productivity 
of AFS relies upon the optimum spacing and 
pruning of shade trees to increase sunlight 
during times of flowering; increase airflow 
during times of heavy rain to deter fungal 
disease; stimulate nitrogen fixation; and 
accumulate soil organic matter in the form of 
leaf litter (mulch) to depress weeds, maintain 
soil moisture and structure, and bind available 
phosphorous in the soil, increasing nitrogen 
efficacy.  

 

Multishade systems may store up to five 
times more above- and below-ground 
carbon than full-sun systems (Rajab et al., 
2016; Steffan-Dewenter et al., 2007; Smiley 
& Kroschel, 2008 Afele et al., 2021). 
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reserves have also been shown to buffer and significantly reduce pressure on protected area resources 
(Murniati et al. 2001; Bhagwat et al., 2008). Multishade systems may store up to five times more above- 
and below-ground carbon than full-sun systems (Rajab et al., 2016; Steffan-Dewenter et al., 2007; Smiley 
& Kroschel, 2008 Afele et al., 2021).    

The variety of AFS systems that allows for widespread adoption results in trade-offs among these 
environmental and economic benefits. Simple boundary plantings and smaller numbers of shade trees 
store much less carbon than diverse multi-strata systems, while AFS with canopy cover greater than 
thirty percent provide significantly lower yields.  

PROMOTING SUSTAINABLE INTENSIFICATION  

How can USAID and its partners 
strengthen incentives for farmer 
adoption of AFS cocoa, particularly 
multi-strata, high-carbon AFS? The 
experience of the spread of full-sun 
cocoa in Indonesia provides a number 
of lessons.  

In Central Sulawesi, adoption of AFS 
seems to be influenced by farmer 
finances and preferences. Despite the 
rush toward full-sun cultivation, some 
farmers retained native shade trees. 
Other smallholders introduced new 
shade trees on their plots to diversify 
and produce income. Farmers intercropped up to five non-cocoa crops in almost all the AFS. These 
farmers who continued shade-grown cocoa cultivation did so mainly because they could not afford 
inputs or lacked the labor and tools necessary to transition systems (for example, clearing large trees).  
Farmers often require an alternative income to subsidize the longer-term investments AFS requires. It is 
also likely that the farmers who retained AFS systems valued the products and services of their 
remaining trees more than the potential income from full-sun cocoa (Juhrbandt et al., 2010; Rajab et al., 
2016). Compared to the full-sun systems of their peers, the diversification of these systems will likely 
result in higher net cash flow over time (see Table 1).  

In Sulawesi, knowledge—both indigenous and scientific—also influenced smallholder retention of shade-
produced cocoa, as it has influenced the adoption of full-sun systems. Some farmers opted for full-sun 
cultivation out of the misperception that shade trees compete for resources, and a fear that canopy-
dwelling insects and mammals would feed on their cocoa. Some also believed, correctly, that fungal 
diseases thrive in high-humidity/low-wind conditions (Juhrbandt et al., 2010). Once farmers are engaged 
in AFS systems, knowledge of management practices, and their application, significantly influences yields. 
High yields in cocoa AFS require optimal spacing, density, light, and nutrients. In some cases, reducing 
canopy cover from 80 percent to 40 percent and increasing cocoa density can dramatically increase 
yields, doubling the income of farmers with only minor changes in biodiversity and ecosystem services 
(Steffan-Dewenter et al. 2007; Juhrbandt et al., 2010; Tscharntke et al., 2011). Smallholders also require 
business knowledge and skills to successfully select and profitably sell the array of forest products AFS 
offer.  

Table 1. Projected Accumulated Net Income Over 25 Years 

Projected Accumulated Net Income (US$/ha) over 25 Years 
Adapted from WCF, 2018 

Products and  
ecosystem  
services 

Full-sun  
cocoa  

plantation 

Intercropped  
cocoa-

banana- 
Inga AFS 

Diversified  
multistrata  

AFS 

Cocoa 15,000 25,800 21,500 
Bananas and fruits  1,000 1,300 
Spices (black pepper)   4,000 
Timber   20,000 
Ecosystem services   5,000 
Total net income/ha 15,000 26,800 51,800 
Net income/year 600 1,072 2,072 
Net household 
income/day 

1.64 2.94 5.68 
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The global cocoa industry has acknowledged the impact of full-sun cultivation and begun promotion of 
AFS by articulating standards and establishing long-term agreements with public sector entities (public-
private partnerships [PPPs]).  

PPPs have been established to enable landscape-level resource management, strengthen links with other 
commodities, and align multisectoral national strategies. In Côte d’Ivoire and Ghana, Rainforest Alliance 
and FairTrade promote shade-grown cocoa AFS through certification standards, in some cases resulting 
in price premiums realized by farmers, traders and processors13. Throughout South America, companies 
like Natura & Co. purchase non-timber forest products from smallholder farmers, providing an 
economic incentive for AFS diversified products. Similarly, the nonprofit PUR connects producers 
practicing cocoa AFS and reforestation in Ghana, Honduras, and Peru with corporate buyers, such as 
Chocolats Halba, Nespresso, and Ben & Jerry’s. In many parts of the Americas, “chocolate ecotourism” 
to AFS operations add income for smallholders. To date, cocoa producers in Indonesia have not fully 
tapped into such opportunities. 

A limited number of 
players hold great sway in 
the direction that 
industry takes, as the 
sector has seen dramatic 
consolidation. Six large 
chocolate manufacturers 
control more than a third 
of the global market, and 
just three firms process 
and trade more than half 
of world supply (Voora et 
al. 2019). Over the last 
decade, nearly all of the 
“Big Chocolate” 
companies have made 
sustainability 
commitments—including 
improvements to social 
conditions (e.g., child 
labor and women’s 
rights), economic benefits 
(e.g., living income) and 
environmental 
performance (e.g., zero 
deforestation, limits on 

pesticide use, incorporation of shade trees). The Cocoa & Forests Initiative “Framework for Action” led 
by the World Cocoa Foundation (WCF) articulates the commitment of over 100 value chain actors to 

 

13  Scholarly research reveals a mixed picture around price premiums for certified cocoa. Among the most widespread standards in the cocoa 
industry, Fairtrade seems to deliver greater economic benefits to farmer households than Rainforest Alliance, where premiums tend to be 
captured further up the value chain. But this varies widely from place to place, and from household to household. See Sellare et al. (2020) 
for a review. 

AFS Cocoa: Key Questions for Further Research 
 

Our review of the literature was unable to identify evidence-based findings to 
clarify several key issues useful to designing investments in support of AFS 
cocoa: 

• Farmer motivation. In some places, AFS cocoa has been maintained 
over time, in spite of the trend towards full-sun in nearby regions. In other 
places, full-sun cocoa farmers have added or reincorporated shade trees 
over time. Why have farmers chosen to maintain AFS, and how have they 
altered production systems? Why have some full-sun cocoa farmers 
chosen to incorporate shade trees? 

• Cost/benefit analysis. Establishing and maintaining full-sun plantations 
versus different types of AFS cocoa requires different inputs and produces 
different benefits. Linked to the above questions on farmer motivation, a 
cost/benefit analysis of variable cocoa production systems along the 
gradient from full-sun to a few canopy trees to complex, multi-strata AFS 
could inform design of investments necessary to support expansion of 
AFS. 

• Industry commitments. Commitments to sustainability are now the 
industry standard. But such commitments take diverse forms – not all 
promise AFS, not all require third-party verification, many speak only of 
“traceability” – so it is hard to say how much cultivation practices are 
really changing on the ground. A scientific study measuring change related 
to AFS in a sample of sites where industry has committed to improve 
practices would help to understand how much industry investments are 
driving increased adoption of AFS. 
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mobilize and implement “the necessary financing, resources, and technical support” to improve cocoa 
and forest management (WCF, 2019).  

While progress against 
variable targets has been 
reported by all companies, 
especially around 
traceability, actual 
improvements on the 
ground have lagged. Many 
company commitments do 
not require third-party 
verification; the big brands 
meanwhile are rolling out 
their own sourcing 
programs and seals that are 
displacing independent 
certification (Fountain & 
Hütz-Adams, 2020; Voora et 
al., 2019). While sourcing of 
certified beans has 
increased, questions around 
the reliability of auditing and evidence of non-compliance have highlighted weaknesses14. The upshot is 
that industry commitments do not necessarily result in implementation, and even when sourcing 
commitments are achieved, weaknesses in certification standards may limit their effectiveness (see text 
box). This underscores the need for government regulation and enforcement, which is broadly lacking in 
producer countries (Lambin et al., 2018). 

Increased industry commitments represent an opportunity for USAID to support market-based 
approaches. The Cocoa & Forests Initiative PPP engages 35 companies and major European donors. In 
scaling up such approaches to further promote cocoa AFS, industry, governments, research institutions, 
donors and the development community should:  

• Conduct extension, peer-to-peer exchanges, and other training regarding how to plan and 
implement AFS that sustainably intensifies and diversifies production, as well as optimizes for other 
ecosystem services including carbon sequestration.  

• Strengthen the value chains of high-value AFS products through such approaches as microfinance 
lending systems; diversified plant nurseries and seed banks; innovation in transportation; and pro-
producer aggregation for marketing, processing, and storage facilities.  

• Develop and build the capacity of smallholder organizations in business training and incubation to 
help producers manage their short- and long-term assets, as well as innovate along the value chain 
and take their expertise to larger scale.  

• Facilitate investment in AFS systems through the design and delivery of carbon finance mechanisms 
that incentivize best practices and compensate farmers for tradeoffs.  

• Identify and promote policy options to increase economic incentives to broaden niche markets for 
high-value shade-grown products as well as non-cocoa products from farms, such as NTFPs, timber, 
and carbon or ecosystem services credits and payments. 

 

14  See, for example, https://www.washingtonpost.com/business/2019/10/23/chocolate-companies-say-their-cocoa-is-certified-some-farms-use-
child-labor-thousands-are-protected-forests/.  

The Role of Government in Making Certification Effective: Lessons 
from Côte d’Ivoire 

The certification schemes deployed in Côte d’Ivoire were unable to prevent 
the cocoa industry from causing large scale deforestation. On the way to 
becoming the world’s largest producer of cocoa, Côte d’Ivoire converted its 
intact forest to a mix of degraded fallows and cocoa farms. Key reasons 
include:   

1) certification arrived after much deforestation occurred;  

2) some certification standards allowed for deforestation;  

3) programs were poorly implemented; and  

4) certification schemes contained gaps in coverage, which allowed 
deforestation to continue on non-certified farms in the landscape  

The Côte d’Ivoire experience demonstrates the essential role that 
governments can play in enabling certification schemes to mitigate 
deforestation. The most decisive role a government can take to support 
standards would be to enforce them nationally, using regulatory power to 
produce a mandatory national state system. (Miller, 2021)  

https://www.worldcocoafoundation.org/initiative/cocoa-forests-initiative/
https://www.washingtonpost.com/business/2019/10/23/chocolate-companies-say-their-cocoa-is-certified-some-farms-use-child-labor-thousands-are-protected-forests/
https://www.washingtonpost.com/business/2019/10/23/chocolate-companies-say-their-cocoa-is-certified-some-farms-use-child-labor-thousands-are-protected-forests/


PROLAND CASE STUDY: REDUCING THE IMPACT OF COCOA CULTIVATION ON FORESTS      9 

• Support context-appropriate changes in tenure that reduce incentives to clear forest. 

The global challenge is not only to increase yields to meet growing demand without expanding the area 
under cultivation (Vaast & Somarriba, 2014) but to do so while maintaining or regenerating ecosystem 
services, conserving biodiversity, and adapting production to a changing climate. As the results of a 
recent global analysis by ProLand make clear, increasing yields does not necessarily reduce 
deforestation,15 and profitability creates an incentive to expand cocoa production into uncultivated 
forest areas. Declines in cocoa productivity and ecosystem health over time exacerbate deforestation, 
leading farmers to clear more forested areas and expand production for their short-term economic 
advantages in ways that do not benefit long-term production, income stability, or livelihood resilience.  

Cocoa AFS offer promise. They can slow deforestation as they vertically intensify growing space and 
strengthen smallholder resilience to market and climate variability and extremes. However, scaling 
cocoa AFS alone is not the solution to deforestation. Concerted efforts by governments and their 
partners are needed to implement integrated regulation and policy reform, stronger institutional and 
value chain accountability, infrastructure investments, and capacity building that considers farmers’ 
tradeoffs and decision making.  

 

  

 

15  See Miller & Donahue, M, 2021, including references to academic papers on this topic (Meyfroidt et al., 2014; Byerlee et al., 2014; Busch & 
Ferretti-Gallon, 2017; among others). 



PROLAND CASE STUDY: REDUCING THE IMPACT OF COCOA CULTIVATION ON FORESTS      10 

REFERENCES  

ACDI/VOCA (2005). Indonesia Global Development Alliance. Project profile, ACDI/VOCA, SUCCESS 
Alliance, Mars Inc., USAID: 1. 

Afele, J. T., Dawoe, E., Abunyewa, A. A., Afari-Sefa, V., & Asare, R. (2021). Carbon storage in cocoa 
growing systems across different agroecological zones in Ghana. Pelita Perkebunan (a Coffee and 
Cocoa Research Journal), 37(1). 

Ahenkorah, Y., Akrofi, G. S., & Adri, A. K. (1974). The end of the first cocoa shade and manurial 
experiment at the Cocoa Research Institute of Ghana. Journal of Horticultural Science, 49, 43–
51. 

Ahenkorah, Y., Halm, B. J., Appiah, M. R., Akrofi, G. S., & Yirenkyi, J. E. K. (1987). Twenty years' results 
from a shade and fertilizer trial on Amazon cocoa (Theobroma cacao) in Ghana. Experimental 
Agriculture, 23, 31–39. 

Akiyama, T. & Nishio, A. (1999). Indonesia's cocoa boom: hands-off policy encourages smallholder 
dynamism. Washington, DC: The World Bank. 

Anim-Kwapong, G. J. & Frimpong, E. B. (2005). Vulnerability of agriculture to climate change-impact of 
climate change on cocoa production. Vulnerability and Adaptation Assessment under the 
Netherlands Climate Change Studies Assistance Programme Phase 2 (NCCSAP). Cocoa 
Research Institute of Ghana, New Tafo Akim.  

Asare, R., Markussen, B., Asare, R. A., Anim-Kwapong, G., & Ræbild, A. (2019). On-farm cocoa yields 
increase with canopy cover of shade trees in two agro-ecological zones in Ghana. Climate and 
Development, 11(5), 435-445. 

Ashton, M. S. & Ducey, M. J. (2000). Agroforestry systems as successional analogs to native forests. In F. 
Montagnini & M. Ashton (Eds.), The Silvicultural Basis for Agroforestry Systems (pp. 207–228). 
Boca Raton: CRC Press. 

Barkmann, J., Burkard, G., Faust, H.; Fremerey, M., Koch, S., & Lanini, A. (2010). Land tenure rights, 
village institutions, and rainforest conversion in Central Sulawesi (Indonesia). In T. Tscharntke et 
al. (Eds.), Tropical Rainforests and Agroforests under Global Change (pp. 141–160). Berlin, 
Heidelberg: Springer. 

Beer, J., Muschler, R., Kass, D., & Somarriba, E. (1998). Shade management in coffee and cacao 
plantations. Agroforestry Systems 38, 139–164. 

Bekele, F. L. (2004, September). The history of cocoa production in Trinidad and Tobago. In APASTT 
seminar series on the re-vitalization of the Trinidad & Tobago cocoa industry, (Vol. 20). 
University of the West Indies, St. Augustine, Trinidad  

Belcher, B., Michon, M., Angelsen, A., Ruiz Perez, M., & Asbijornsen, H. (2005). The socioeconomic 
conditions determining the development, persistence, and decline of forest garden systems. 
Economic Botany 59, 245–253. 

Belsky, J. M. & Siebert, S. F. (2003). Cultivating cacao: Implications of sun-grown cacao on local food 
security and environmental sustainability. Agriculture and Human Values, 20, 277–285. 

Bhagwat, S. A., Willis, K. J., Birks, H. J. B., & Whittaker, R. J. (2008). Agroforestry: a refuge for tropical 
biodiversity? Trends in Ecology & Evolution, 23, 261–267. 



PROLAND CASE STUDY: REDUCING THE IMPACT OF COCOA CULTIVATION ON FORESTS      11 

Blanc, J. & Kledal, P. R. (2012). The organic sector of Brazil: prospects and constraints of facilitating the 
inclusion of smallholders. Journal of Rural Studies, 28(1), 142–154. 

Blaser, W. J., Oppong, J., Hart, S. P., Landolt, J., Yeboah, E., & Six, J. (2018). Climate-smart sustainable 
agriculture in low-to-intermediate shade agroforests. Nature Sustainability, 1(5), 234-239. 

Bos, M. M., Steffan-Dewenter, I., & Tscharntke, T. (2007). Shade tree management affects fruit abortion, 
insect pests and pathogens of cacao. Agriculture, Ecosystems & Environment, 20, 201–205. 

Busch, J., & Ferretti-Gallon, K. (2017). What drives deforestation and what stops it? A meta-analysis. 
Review of Environmental Economics and Policy, 11(1), 3–23. 

Byerlee, D., Stevenson, J., & Villoria, N. (2014). Does intensification slow crop land expansion or 
encourage deforestation? Global Food Security, 3(2), 92–98. 
http://www.sciencedirect.com/science/article/pii/S221191241400011X 

Claus, G., Vanhove, W., Van Damme, P., & Smagghe, G. (2018). Challenges in cocoa pollination: The 
case of Côte d’Ivoire. Pollination in plants, 39. 

Clough, Y., Barkmann, J., Juhrbandt, J., Kessler, M., Wanger, T.C., & Anshary, A. (2011). Combining high 
biodiversity with high yields in tropical agroforests. Proceedings of the National Academy of 
Sciences USA, 108, 8311–6. 

Clough, Y., Faust, H., & Tscharntke, T. (2009). Cacao boom and bust: sustainability of agroforests and 
opportunities for biodiversity conservation. Conservation Letters, 2, 197–205. 

Combes, J. L., Delacote, P., Motel, P. C., and Yogo, T. U. (2018). Public spending, credit and natural 
capital: Does access to capital foster deforestation? Economic Modelling, 73, 306–316. 

Crook, R. C. (2001). Cocoa booms, the legalisation of land relations and politics in Cote d'Ivoire and 
Ghana: Explaining Farmers' Responses. IDS Bulletin, 32(1), 35–45. 

Enrici, A. & Hubacek, K. (2018). Challenges for REDD+ in Indonesia: a case study of three project sites. 
Ecology and Society, 23(2). 

Food and Agriculture Organization of the United Nations (FAOSTAT). (2021). Data: Production, crops: 
cocoa (beans). http://www.fao.org/faostat/en/#data. Accessed 09 April 2021. 

Fountain, A.C. & Hütz-Adams, F. (2020). Cocoa barometer 2020. FNV Mondiaal, HIVOS, Solidaridad, 
and the VOICE Network. file:///C:/Users/DELL/Downloads/2020-Cocoa-Barometer-EN.pdf. 
Accessed 12 April 2021. 

Fountain, A.C. & Hütz-Adams, F. (2015). Cocoa barometer 2015: FNV Mondiaal, HIVOS, Solidaridad, 
and the VOICE Network. Tull en ‘t Waal, The Netherlands. 

Franzen, M. & Borgerhoff-Mulder, M. (2007). Ecological, economic and social perspectives on cocoa 
production worldwide. Biodiversity and Conservation, 16, 3835–3849. 

Freud, E. H., Phillipe, P., & Jacques, R. (1997). Innovation in West African smallholder cocoa: some 
conventional and nonconventional measures of success (pp. 1–30). Montpellier : Centre de 
Coopération Internationale en Recherche Agronomique pour le Développement. 

Gama-Rodrigues, E. F., Gama-Rodrigues, A. C., & Nair, P. R. (2011). Soil carbon sequestration in cacao 
agroforestry systems: a case study from Bahia, Brazil. In Carbon sequestration potential of 
agroforestry systems (pp. 85-99). Springer, Dordrecht. 

http://www.fao.org/faostat/en/#data


PROLAND CASE STUDY: REDUCING THE IMPACT OF COCOA CULTIVATION ON FORESTS      12 

Gockowski, J. & Dury, S. (1999). The economics of cocoa-fruit agroforests in southern Cameroon. 
CATIE. 

Gockowski, J. & Sonwa, D. (2011). Cocoa intensification scenarios and their predicted impact on CO 2 
emissions, biodiversity conservation, and rural livelihoods in the Guinea rain forest of West 
Africa. Environmental Management, 48(2), 307–321. 

International Cocoa Organization (ICCO). (2021). ICCO Quarterly Bulletin of Cocoa Statistics, Vol. 
XLVII, No. 1, Cocoa Year 2020/21, published 26-02-2021. https://www.icco.org/icco-
documentation/quarterly-bulletin-of-cocoa-statistics/. Accessed 12 April 2021. 

International Cocoa Organization (ICCO). (2018a). Cocoa Market Review: January 2018. 
https://www.icco.org/about-us/international-cocoa-agreements/doc_download/3082-icco-
monthly-cocoa-market-review-january-2018.html. Accessed 14 Jan 2019. 

International Cocoa Organization (ICCO). (2018b). Cocoa Market Review: April 2018. 
https://www.icco.org/about-us/international-cocoa-agreements/doc_download/3327-icco-
monthly-cocoa-market-review-april-2018.html. Accessed 14 Jan 2019. 

Jagoret, P., Ngogue, H. T., Bouambi, E., Battini, J. L., & Nyassé, S. (2009). Diversification des exploitations 
agricoles à base de cacaoyer au Centre Cameroun: mythe ou réalité? Biotechnologie, 
agronomie, société et environnement, 13(2), 271–280. 

Johns, N. D. (1999). Conservation in Brazil's chocolate forest: The unlikely persistence of the traditional 
cocoa agroecosystem. Environmental Management, 23(1): 31–47. 

Jose, S. (2009). Agroforestry for ecosystem services and environmental benefits: an overview. 
Agroforestry Systems, 76, 1–10. 

Juhrbandt, J., Duwe, T., Barkmann, J., Gerold, G., & Marggraf, R. (2010). Structure and management of 
cocoa AFS in Central Sulawesi across an intensification gradient. In T. Tscharntke et al. (Eds.), 
Tropical Rainforests and Agroforests under Global Change (pp.115–140). Berlin, Heidelberg: 
Springer. 

Kroeger, A., Bakhtary, H., Haupt, F., & Streck, C. (2017). Eliminating deforestation from the cocoa 
supply chain (p. 61). Washington, DC: The World Bank.  

Läderach, P., Martinez-Valle, A., Schroth, G., & Castro, N. (2013). Predicting the future climatic 
suitability for cocoa farming of the world’s leading producer countries, Ghana and Côte d’Ivoire. 
Climatic change, 119, 841–854. 

Lahive, F., Hadley, P., & Daymond, A. J. (2019). The physiological responses of cacao to the environment 
and the implications for climate change resilience. A review. Agronomy for Sustainable 
Development, 39, 5. 

Lambin, E. F., Gibbs, H. K., Heilmayr, R., Carlson, K. M., Fleck, L. C., Garrett, R. D.,... and Nolte, C. 
(2018). The role of supply-chain initiatives in reducing deforestation. Nature Climate Change, 1. 

Leblois, A., Damette, O., and Wolfersberger, J. (2017). What has driven deforestation in developing 
countries since the 2000s? Evidence from new remote-sensing data. World Development, 92, 
82–102. 

Lin, B. B., Perfecto, I., & Vandermeer, J. (2008). Synergies between agricultural intensification and climate 
change could create surprising vulnerabilities for crops. Bioscience, 58, 847–854. 

https://www.icco.org/icco-documentation/quarterly-bulletin-of-cocoa-statistics/
https://www.icco.org/icco-documentation/quarterly-bulletin-of-cocoa-statistics/
https://www.icco.org/about-us/international-cocoa-agreements/doc_download/3082-icco-monthly-cocoa-market-review-january-2018.html
https://www.icco.org/about-us/international-cocoa-agreements/doc_download/3082-icco-monthly-cocoa-market-review-january-2018.html
https://www.icco.org/about-us/international-cocoa-agreements/doc_download/3327-icco-monthly-cocoa-market-review-april-2018.html
https://www.icco.org/about-us/international-cocoa-agreements/doc_download/3327-icco-monthly-cocoa-market-review-april-2018.html


PROLAND CASE STUDY: REDUCING THE IMPACT OF COCOA CULTIVATION ON FORESTS      13 

Lojka, B., Pawera, L., Kalousová, M., Bortl, L., Verner, V., Houška, J.; . . . Van Damme, P. (2017). 
Multistrata systems: Potentials and challenges of cocoa-based agroforests in the humid tropics. 
In J. C. Dagar and V. P. Tewari (Eds.), Agroforestry: Anecdotal to Modern Science (pp. 587–
628). Singapore : Springer.  

Lachenaud, P., & Mossu, G. (1985). Etude comparative de l'influence de deux modes de conduite sur les 
facteurs du rendement d'une cacaoyère. Café, Cacao, Thé (Francia), 29(1), 21–30. 

Maertens, M. (2003). Economic modeling of agricultural land-Use patterns in forest frontier areas – 
Theory, empirical assessment and policy implications for Central Sulawesi, Indonesia. Ph.D. 
Dissertation, Georg-August Universität, Göttingen, Germany. 

Maertens, M., Zeller, M., & Birner, R. (2006). Sustainable agricultural intensification in forest frontier 
areas. Agricultural Economics, 34(2), 197–206. 

Magne, A.N., Ewane Nonga, N., Yemefack, M., & Robiglio, V. (2014). Profitability and implications of 
cocoa intensification on carbon emissions in Southern Cameroon. Agroforestry Systems, 88, 1–
10.  

Mappatoba, M., Kassa, S., Palebori, K., Anwar, C., Tanamal, C. E., & Ilyas, S. (2017). Exploring nature 
conservation problems at Lore Lindu National Park Central Sulawesi, Indonesia. International 
Journal of Agriculture Innovations and Research, 6(2), 279–287. 

Meyfroidt, P., Carlson, K. M., Fagan, M. E., Gutiérrez-Vélez, V. H., Macedo, M. N., Curran, L. M., DeFries, 
R. S., Dyer, G. A., Gibbs, H. K., Lambin, E. F., Morton, D. C., a& Robiglio, V. (2014). Multiple 
pathways of commodity crop expansion in tropical forest landscapes. Environmental Research 
Letters, 9(7). http://doi.org/10.1088/1748-9326/9/7/074012 

Miller, D. (2021, March 11). Going Beyond Certification: Lessons from Cocoa Certification in Côte 
d’Ivoire. ClimateLinks, https://www.climatelinks.org/blog/going-beyond-certification-lessons-
cocoa-certification-cote-divoire 

Miller, D., Donahue, M., (2021). Agriculture’s Footprint: Designing investments to resolve impacts of 
agriculture on forests (Working Paper). Productive Landscapes project. Washington, DC. 

Mithöfer, D., Roshetko, J. M., Donovan, J. A., Nathalie, E., Robiglio, V., Wau, D., . . . Blare, T. (2017). 
Unpacking ‘sustainable’ cocoa: Do sustainability standards, development projects and policies 
address producer concerns in Indonesia, Cameroon and Peru? International Journal of 
Biodiversity Science, Ecosystem Services & Management, 13(1), 444–469. 

Montagnini, F. & Nair, P.K.R. (2004). Carbon sequestration: an underexploited environmental benefit of 
agroforestry systems. Agroforestry Systems, 61, 281–295. 

Moser, G., Leuschner, C., Hertel, D., Hölscher, D., Köhler, M., Leitner, D., . . . Schwendenmann, L. 
(2010). Response of cocoa trees (Theobroma cacao) to a 13-month desiccation period in 
Sulawesi, Indonesia. Agroforestry Systems, 79(2), 171–187. 

Nair, P. K., Mohan Kumar, B., & Nair, V. D. (2009). Agroforestry as a strategy for carbon sequestration. 
Journal of plant nutrition and soil science, 172, 10–23. 

Nair, P. K., Nair, V. D., Kumar, B. M., & Showalter, J. M. (2010). Carbon sequestration in AFS. Advances 
in Agronomy, 108, 237–307.  

Niehaus, L. (2012). Contribution of cacao (Theobroma cacao) AFS to the household economy of small-
scale producers in Central America: the case of Bocas del Toro, Panama. Master’s thesis, 
Norwegian University of Life Sciences. 



PROLAND CASE STUDY: REDUCING THE IMPACT OF COCOA CULTIVATION ON FORESTS      14 

Obiri, B., Bright, G., McDonald, M., Anglaaere, L., Cobbina, J. (2007). Financial analysis of shaded cocoa 
in Ghana. Agroforestry Systems, 71(2), 139–49. 

Ong, C., Kho, R., & Radersma, S. (2004). Ecological interactions in multispecies agroecosystems: 
concepts and rules (pp. 1–15). CABI Publishing: Wallingford.  

Oyekale, A., Bolaji, M., & Olowa, O. (2009). The effects of climate change on cocoa production and 
vulnerability assessment in Nigeria. Agricultural Journal, 4, 77–85. 

Panlibuton, H. & Lusby, F. (2006). Indonesia cocoa bean value chain case study, microReport #65. 
Washington, DC: United States Agency for International Development (USAID). 

Rajab, Y. A., Leuschner, C., Barus, H., Tjoa, A., & Hertel, D. (2016). Cacao cultivation under diverse 
shade tree cover allows high carbon storage and sequestration without yield losses. PloS One, 
11(2), e0149949. https://doi.org/10.1371/journal.pone.0149949 

Rice, R. A. & Greenberg, R. (2000). Cacao cultivation and the conservation of biological diversity. 
AMBIO: A Journal of the Human Environment, 29(3), 167–173. 

Ruf, F. (2001). Tree crops as deforestation and reafforestation agents: the case of cocoa in Côte d’Ivoire 
and Sulawesi. In A. Angelsen & D. Kaimowitz (Eds.), Agricultural Technologies and Tropical 
Deforestation (pp. 291–315). Oxon: CABI Publishing. 

Ruf, F. (2011). The myth of complex cocoa agroforests: the case of Ghana. Human Ecology, 39(3), 373. 

Ruf, F., Jamaluddin, Y., & Waris, A. (1995). The ‘spectacular’ efficiency of cocoa smallholders in Sulawesi: 
Why? Until when? In F. Ruf & P. S. Siswoputanto (Eds.), Cocoa Cycles: The Economics of Cocoa 
Supply (pp. 339–376). Cambridge: Woodhead Publishing. 

Ruf, F. & Schroth, G. (2004). Chocolate forests and monocultures – an historical review of cocoa 
growing and its conflicting role in tropical deforestation and forest conservation. In G. Schroth 
et al. (Eds.), Agroforestry and Biodiversity Conservation in Tropical Landscapes (pp. 107–134). 
Washington, DC: Island Press. 

Schaad, N. & Fromm, I. (2017). Sustainable Cocoa Production Program (SCPP): Analysis of cocoa beans 
processing and quality in post-harvest in South East Sulawesi in Indonesia. International 
Symposium on Cocoa Research (ISCR). Lima, Peru, November 13–17, 2017. 

Schroth, G., da Mota, M. D. S. S., Hills, T., Soto-Pinto, L., Wijayanto, I., Arief, C. W., & Zepeda, Y. 
(2011). Linking carbon, biodiversity and livelihoods near forest margins: the role of agroforestry. 
In B. Mohan Kumar & P. K. Ramachandran Nair (Eds.), Carbon Sequestration Potential of 
Agroforestry Systems (pp. 179–200). Dordrecht: Springer. 

Schwarze, S. (2004). Determinants of income generating activities of rural households: a quantitative 
study in the vicinity of the Lore Lindu National Park in Central Sulawesi/ Indonesia. Doctoral 
thesis, Institute of Rural Development, Georg-August Universität Göttingen. 

Seeberg-Elverfeldt, C., Schwarze, S., & Zeller, M. (2009). Payments for environmental services—
Incentives through carbon sequestration compensation for cocoa-based AFS in Central Sulawesi, 
Indonesia. International Journal of the Commons, 3, 108–130. 

Sellare, J., Meemken, E. M., Kouamé, C., & Qaim, M. (2020). Do Sustainability Standards Benefit 
Smallholder Farmers Also When Accounting For Cooperative Effects? Evidence from Côte 
d'Ivoire. American Journal of Agricultural Economics, 102(2), 681-695. 



PROLAND CASE STUDY: REDUCING THE IMPACT OF COCOA CULTIVATION ON FORESTS      15 

Senanayake, R. & Jack, J. (1998). Analogue forestry. Department of Geography and Environmental 
Science, Monash University. 

Siebert, S. F. (2002). From shade- to sun-grown perennial crops in Sulawesi, Indonesia: Implications for 
biodiversity conservation and soil fertility. Biodiversity and Conservation, 11,1889–1902.  

Smiley, G. L. & Kroschel, J. (2008). Temporal change in carbon stocks of cocoa–gliricidia agroforests in 
Central Sulawesi, Indonesia. Agroforestry Systems, 73, 219–231. 

Somarriba, E., Cerda, R., Orozco, L., Cifuentes, M., Dávila, H., Espin, T., . . . Astorga, C. (2013). Carbon 
stocks and cocoa yields in AFS of Central America. Agriculture, Ecosystems & Environment, 
173, 46–57. 

Steffan-Dewenter, I., Kessler, M., Barkmann, J., Bos, M. M., Buchori D., & Erasmi, S. (2007). Tradeoffs 
between income, biodiversity, and ecosystem functioning during tropical rainforest conversion 
and agroforestry intensification. Proceedings of the National Academy of Sciences, 12, 4973–
4978.  

Tscharntke, T., Clough, Y., Bhagwat, S. A., Buchori, D., Faust, H., Hertel, D., . . . Scherber, C. (2011). 
Multifunctional shade‐tree management in tropical agroforestry landscapes–a review. Journal of 
Applied Ecology, 48(3), 619–629. 

United States Agency for International Development (USAID). (2017). Greenhouse Gas Emissions in 
Indonesia. United States Agency for International Development. February 2017. Washington, 
DC. 

Vaast, P. & Somarriba, E. (2014). Trade-offs between crop intensification and ecosystem services: the 
role of agroforestry in cocoa cultivation. Agroforestry systems, 88(6), 947–956. 

Voora, V., Bermúdez, S., & C. Larrea. (2019). Global Market Report: Cocoa. International Institute for 
Sustainable Development. https://www.iisd.org/publications/global-market-report-cocoa. 
Accessed 12 April 2021. 

Wade, A. S., Asase, A., Hadley, P., Mason, J., Ofori-Frimpong, K., Preece, D., . . . Norris, K. (2010). 
Management strategies for maximizing carbon storage and tree species diversity in cocoa-
growing landscapes. Agriculture, ecosystems & environment, 138(3–4), 324–334. 

Waltert, M., Bobo, K. S., Sainge, N. M., Fermon, H., & Mühlenberg, M. (2005). From forest to farmland: 
habitat effects on Afrotropical forest bird diversity. Ecological Applications, 15(4), 1351–1366. 

Witjaksono, J. A. (2016). Cocoa farming system in Indonesia and its sustainability under climate change. 
Agriculture, Forestry and Fisheries, 5, 170.  

World Cocoa Foundation (WCF). 2018. Is all cocoa agroforestry sustainable and climate-smart? Climate 
Smart Cocoa. https://www.worldcocoafoundation.org/blog/is-all-cocoa-agroforestry-sustainable-
and-climate-smart/ Accessed 14 Jan 2019. 

World Cocoa Foundation (WCF). 2019. Cocoa & Forests Initiative. 
https://www.worldcocoafoundation.org/initiative/cocoa-forests-initiative/. Accessed 09 Jan 2019. 

Young, K. (2017). Mimicking nature: A review of successional AFS as an analogue to natural regeneration 
of secondary forest stands. In F. Montagnini (Ed.), Integrating Landscapes: Agroforestry for 
Biodiversity Conservation and Food Sovereignty (pp. 179–209). Advances in Agroforestry. 
Switzerland: Springer. 

https://www.iisd.org/publications/global-market-report-cocoa
https://www.worldcocoafoundation.org/blog/is-all-cocoa-agroforestry-sustainable-and-climate-smart/
https://www.worldcocoafoundation.org/blog/is-all-cocoa-agroforestry-sustainable-and-climate-smart/
https://www.worldcocoafoundation.org/initiative/cocoa-forests-initiative/

	THE EXPANSION OF FULL-SUN COCOA CULTIVATION
	THE “BOOM” AND “BUST” OF FULL-SUN COCOA PRODUCTION
	WHAT DRIVES SMALLHOLDERS TO ADOPT FULL-SUN COCOA CULTIVATION?
	THE EXPANSION OF FULL-SUN COCOA CULTIVATION INTO THE FORESTS OF SULAWESI, INDONESIA
	THE AGROFORESTRY ALTERNATIVES TO FULL-SUN COCOA PRODUCTION
	PROMOTING SUSTAINABLE INTENSIFICATION
	REFERENCES

