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oVERViEW  

StUDy SitE 

It is now commonly agreed that global climate 
change can be attributed to increased greenhouse 
gas emissions, primarily carbon dioxide (CO2). 
Thus measures that can minimize CO2 emissions 
should lead to a reduction in the “greenhouse 
effect.” Among these measures is increasing storage 
(or sequestration) of soil organic carbon (SOC) 
by increasing soil organic matter content in soils. 
This can be done through improved management 
practices whereby plant residues, mostly cellulosic 
material containing carbon, are returned to the soil. 

In recent years, “carbon markets,” where carbon is 
traded as a commodity, have emerged.  Carbon credits 
for CO2 emissions are purchased by CO2 emitters, 
such as manufacturing industries, from entities that 
can demonstrate an ability to sequester CO2 from the 
atmosphere.   
          
The link for carbon credits is CO2. It is an essential gas 
for plant growth, i.e., photosynthesis. Thus, returning 
crop residues to the soil can increase soil organic matter 
and, subsequently, soil organic carbon. Consequently, 
considerable potential exists for developing countries 
to take advantage of the “carbon markets” in order 
to gain financial and environmental benefits, if they 
undertake land management activities that can store 
soil carbon and improve soil tilth. 

Few tropical African countries have taken advantage 
of this market partly because few understand the 
association of carbon sequestration with carbon trading 
and partly because it is not immediately known which 
land management schemes would lead to increased soil 
organic carbon (soil carbon sequestration) and which 
would not. Another question asked is what are the 
effects likely to be on a household’s ability to produce 
food for the family and feed for the livestock using 
practices that store carbon in the soil? Therefore the need 
exists to create awareness of what carbon sequestration 
is, the concept of carbon markets, and the potential 
that exists for countries and communities to take 
advantage of them by establishing carbon sequestration 
projects for carbon credits (SM CRSP, 2002).
 
Soil carbon increases take place over long periods 
of time, which means long-term investigations 
and evaluations of different land management and 
cropping systems are needed. It is possible to use 
cropping system models to project the long-term 

Figure 1. A mixture of crops grown around 
homestead. 

effects of different land management systems on soil 
carbon. An economic analysis of the costs involved 
versus the benefits derived could then be carried out 
to facilitate policy formulation and decision making. 
Not many studies of this nature have been done for 
smallholder households in developing countries, so 
it is not known if households that are subsistence-
oriented would be able to increase soil carbon 
efficiently enough to participate in carbon markets.

This bulletin presents the findings of one such study 
undertaken in the Wa Municipality, Ghana. This 
study used cropping system and household models as 
tools to identify land management options that may 
increase soil carbon and the feasibility of smallholder 
farm households in West African savannas farming 
systems to benefit from carbon credit payments, if 
they were willing to participate in land management 
practices that increased soil carbon storage.

The study site was on a typical smallholder farm in 
the Upper West Region (UWR) of Ghana, in the NW 
corner of the country. In general, the growing season 
lasts from May to October and   receives 1200 mm 
of rain in an average year. Farmers often have two 
types of land to manage: 1) a small area of land 
immediately surrounding the homestead and 2) up to 5 
ha of land (bush) that may be as much as 15 km away. 
The land around the homestead is used to grow crops 
continually (Figure 1), with farmers-applying animal 
manure, compost and crop residues to the soil. The 
bush farming land is cropped for several years before 
being left fallow for periods ranging from 3 to 15 years, 
so that nutrients can build up again. Different crops are 
grown in the area: maize, sorghum, millet, groundnuts, 
cowpea, soybean and yam. The predominant cropping 
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Cropping options Simulated

systems are continuous cropping, intercropping and 
rotation of cereals and legumes. Farmers usually 
do not use fertilizer, although they may put a small 
amount on their maize crop.  Neither do they apply 
fungicide and fertilizers to their groundnut crop. 
Most farmers rear some sheep, goats, guinea fowl 
and chicken, and these provide food for the family 
as well as cash in times of need.  Animal manure is 
often used as amendments on the farms (Figure 2) but 

its potential is limited by the quantity available (due 
to the number of animals), the method of rearing, 
the size of the farms and quality of the manure.

Crop residue application as surface mulch can play an 
important role in the maintenance of SOC levels and 
productivity through increased recycling of mineral 
nutrients. However, crop residues have various other 
utilities in the farming systems of the area. Residues 
are used as animal feed, especially during the dry 
season when feed is a problem for animals (Figure 
3), as building material and as fuel for cooking 
Figure 4).  Furthermore, very little organic materials 
are available for mulching on farmers fields (Figure 
5) due to overall low biomass production levels.

In 2003, a survey was carried out in the villages 
of Piisi and Nakor in Wa to determine how their 
farmers manage their farms (Figure 6).  Table 1 
shows the types of crops grown and the different 
kinds of livestock kept on a typical farm in these two 
villages.  Figure 7 presents the management calendar 
showing activities undertaken during the year.

Table 1.  Main crops grown, average farm size and 
number of livestock found on a typical farm in the 
villages of Piisi and Nakor in 2003 are shown. 

Plot Crop Size (ha) Livestock Number
1 Groundnuts 1.0 Cattle 1
2 Rice 0.9 Sheep 3
3 Millet/Cowpea/Sorghum 0.9 Goats 2
4 Bambara nuts 0.4 Pigs 3
5 Yams 0.6 Chickens 15
6 Maize 1.0 Guinea fowl 8
Total 4.8 32

Figure 3. Livestock feeding is a major problem 
during the long dry season. 

Figure 4. Crop residues gathered at the end of the 
season for other purposes.

Figure 2.  Some animal manure applied on a field.

For comparing different cropping systems in terms 
of the carbon they store in the soil and the income 

they generate, we defined two 
“baseline” scenarios. The first 
baseline scenario represents how 
farmers currently manage their 
most important crops, maize 
and groundnuts. The baseline 
management scenario for maize 
comprised the application of 
15 kg N/ha, no application of 
manure and the removal of 
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Figure 7. Calendar showing different activities that occur throughout the year. 

Figure 5. Very little crop residue remaining on field 
at the beginning of the growing season.

all crop residues from the field after harvest. The 
baseline management scenario for groundnut uses no 
fertilizers or fungicide and assumes that 75 percent of 
the crop residue is removed after harvest. The second 
baseline scenario compares three different cropping 
systems for maize and groundnuts: (i) continuous 
cropping, (ii) crop rotations, and (iii) periods of 
fallow. All these scenarios or “experiments” have 
different rates of nitrogen and fungicide application, 
and different levels of crop residues returned to the 
soil. These crop management combinations are 
referred to as “management strategies” in Table 2.

We used the Decision Support System for 
Agrotechnology Transfer (DSSAT) cropping system 
model to estimate crop yields and soil carbon storage 
in the top 100 cm of the soil for each of our cropping 
strategies. The model was set up with appropriate soil, 
weather, crop genetic coefficients  and management data 
so that it represented local conditions in our two villages. 
Change in soil organic carbon (SOC) was expressed 
as ∆SOC(i,s), where i is the baseline management 

scenario (i.e., continuous maize or groundnut with no 
incorporation of residues into the soil), and s is one of 
the management scenarios described in Table 2. Manure 
production and dry matter intake by livestock during 
the dry season were simulated using a livestock model. 

Using the yield and soil carbon storage estimates from 
the DSSAT, we carried out an economic analysis of 
each strategy, taking into account the cost of growing 
the crop, the income from the yield and any increase 
in carbon in the soil for which farmers could receive 
a payment of about US$ 27.50 (the 2006 price) per 
tonne of carbon sequestered over a period of 20 years. 
Also taken into account were the extra labour costs 
needed to incorporate crop residues into the soil, 
and to collect and store them for use as animal feed. 

A detailed description of the methodology used 
to determine the economic feasibility of the 
different strategies for carbon sequestration 
can be found in Gonzalez-Estrada et al. (2008). 
This analysis was carried out using a “household 

Figure 6. An interview with a farmer in Nakor 
village during the study.
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model,” which determines the best combination of 
crops to grow and other farming resources to use, 
so that the household achieves food security while 
at the same time maximises profits and ensures that 
there is adequate feed for the household’s livestock. 
The household model (a linear programming model) 
integrates biological, social and economic aspects of 
the farm, such as 1) land use allocation and management 
patterns 2) the labour required to do the farm work, 
3) the monthly eating, buying, selling and storing of 
commodities for the family, their livestock and crops, 
4) the provision of feed for livestock,  5) the quantities 
of organic and inorganic fertilizers for each cropping 
strategy, and 6) the number of livestock that the farm 
ought to maintain to meet the production objectives.

Thus assuming that input costs are identical and 
that investors are indifferent about local economic 
benefits and costs of various carbon sequestration 
options, then investors would prefer strategies 5, 
9, 12 and 14 because of higher ∆SOC. Similarly, 
assuming that farmers are indifferent about the 
impact on soil carbon stocks, they would prefer 
strategies 4, 5, 8 and 9 because the economic benefits 
are higher. Both investors and farmers would rank 
strategies 5 and 9 as the most attractive options 
because of higher ∆SOC and economic benefits. 
Taken together, these results suggest that carbon 
sequestration projects are feasible in the agricultural 
sector of developing countries. Researchers 
in other situations have found similar results:  
increases in soil carbon can go hand-in-hand with 
higher incomes for communities of smallholders.

In Table 3, the management strategies are grouped 
into four categories, based on production costs as: 
inexpensive, medium-cost, expensive and very 
expensive strategies. By using this classification, 
the communities of smallholders of the Wa area can 
better decide whether to adopt any of the strategies.

Inexpensive strategies might be able • 
to be adopted by less well-off farmers;
Management practices branded as very expensive • 
may be of interest to market-oriented communities 
willing to invest in higher economic benefit strategies;
Communities that can afford inexpensive • 
and medium-cost strategies might choose 
strategies with relatively low input costs (such 
as continuous groundnut with fungicide applied 
and 75 percent of the residue returned to the soil);
Communities willing and able to adopt more costly • 
strategies might choose the maize-groundnut rotations 
with higher levels of N fertilisation, for example.  

The question is, why are the management strategies 
that generate the highest profits (4, 5, 8 & 9 in 
Table 2) not used predominately by the community 
of 22 farmers surveyed in Piisi and Nakor in Wa?  
One answer is that barriers to adopting some of 
these management practices exist, such as the 
high costs of the inputs needed (fertiliser and 
pesticide) and the intensity of management that 
some practices require (such as high labour demand 
for putting fertilizers and fungicide on crops, and
residue on the land). These barriers are common in 
African farming systems and often limit the capacity 
of some households to take on otherwise profitable 
activities. The ability of farmers to meet the investment 
costs of new practices varies widely, and many farmers 

Study Results

As might be expected, the simulated land management 
strategies performed very differently when evaluated 
in relation to their capacity to increase soil carbon, 
their economic performance at the plot level and 
their contribution to the whole farming system.  

The baseline scenarios of continuous maize • 
and continuous groundnuts showed net SOC 
losses of 4753 and 3690 kg/ha respectively 
over the 20-year simulation period. 
With current cropping practices, as defined earlier, the • 
simulated farm model generated a baseline economic 
benefit of US$3538 and a benefit cost ratio of 1.3.
Cropping strategies that involved higher levels of • 
fertilizer (as depicted in Figure 8) and fungicide 
application to crops resulted in a higher proportion 
of crop residue returned to the soil (more intensive 
management) and to higher levels of SOC (Table 2).
With cropping strategies that involved higher levels • 
of fertilizer and fungicide application to crops, higher 
economic returns than the baseline figure were 
obtained. This happened even if the farmer received 
no payment for the extra carbon being stored in the 
soil (Table 2). If the farmer did receive payment for 
soil carbon increases, then the contribution of carbon 
to household income was significant (Table 2). 
Cropping strategies that promote the highest • 
increase in soil carbon did not necessarily generate 
the highest economic benefits of the farm outputs. 
Among the fourteen  management strategies listed in 
Table 2, only strategies 5, 9 and 14 gave the highest 
∆SOC values and the highest economic benefits.  
Although strategy 12 results in a higher ∆SOC 
value than either strategy 14 or 5, its economic 
benefit is lower (6750) than that for 14 (9875) and 
5 (10500). Similarly, strategy 4’s economic benefit 
is high (10200), but its ∆SOC value is low (6500). 
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Table 2. Management strategies in the Wa study area that indicate the best means to store carbon in the soil  
and generate high economic benefits .

No. Management Strategy ∆SOC 
(kg/ha)

Economic Benefit (US$)
Without C 
payment

With C 
payment

Cropping System 1: Continuous

1
Continuous groundnut with fungicide 
application, no N applied, 75% residue returned 
to soil

6625 6250 9500

2 Continuous maize, 40 kg N/ha applied to maize, 
75% residue returned to soil 7750 7750 8250

3 Continuous maize, 80 kg N/ha applied to maize, 
25% residue returned to soil 4500 9000 9750

4 Continuous maize, 80 kg N/ha applied to maize, 
50% residue returned to soil 6500 9750 10200

5 Continuous maize, 80 kg N/ha applied to maize, 
75% residue returned to soil 8250 9205 10500

Cropping System 2: Crop rotations 

6
Rotation of maize-groundnut, 40 kg N/ha applied 
to maize, no fungicide application on groundnut, 
75% residue returned to soil

6875 6700 7625

7
Rotation of maize-groundnut, 80 kg N/ha applied 
to maize, fungicide application on groundnut, 
25% residue returned to soil

4875 9250 9750

8 
Rotation of maize-groundnut, 80 kg N/ha applied 
to maize, fungicide application on groundnut, 
50% residue returned to soil

6750 9250 10125

9 
Rotation of maize-groundnut, 80 kg N/ha applied 
to maize, fungicide application on groundnut, 
75% residue returned to soil

8875 9250 10500

Cropping System 3: Crop rotations and fallow

10 Rotation of 4 yr maize-4 yr fallow, 40 kg N/ha 
applied to maize, 75% residue returned to soil 7875 5250 6625

11 Rotation of 4 yr maize-4 yr fallow, 80 kg N/ha 
applied to maize, 50% residue returned to soil 7125 6750 7750

12 Rotation of 4 yr maize-4 yr fallow, 80 kg N/ha 
applied to maize, 75% residue returned to soil 8500 6750 8200

13 

Rotation of 4 yr maize-4 yr groundnut-4 yr 
fallow, 80 kg N/ha applied to maize, fungicide 
application on groundnut, 50% residue returned 
to soil

6350 6500 9500

14 

Rotation of 4 yr maize-4 yr groundnut-4 yr 
fallow, 80 kg N/ha applied to maize, fungicide 
application on groundnut, 75% residue returned 
to soil

8250 6500 9875
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Table 3. Management strategies in the Wa study area that indicate the best means to store carbon and generate 
high economic returns. (Bold entries in matching colours have the highest values for both carbon storage and 
economic return.)

would need considerable financial support to be able 
to use “best management practices” that generate high 
carbon sequestration rates. We believe that carbon 
payments could be one effective way of motivating 
communities of farmers to make the transition from 
the current practices to soil carbon enhancing methods.

In Ghana, the appropriate government agency 
for implementing carbon sequestration projects 
and trading carbon on the world market is the 

Cost of the 
strategy

Management strategies with the highest soil 
carbon increase

Management strategies with the highest 
economic returns

Inexpensive - Continuous groundnuts, 75% residue 
returned to soil, no N applied, with fungicide 
application

Medium cost Rotation of 4 years maize - 4 years fallow, 
75% residue returned to soil, 40 kg N/ha  
fertilizer applied to maize

Rotation of maize - groundnut, 75% residue 
returned to soil, 40 kg N/ha applied to maize, 
no fungicide application on groundnut

-

Expensive Continuous maize, 75% residue returned to 
soil, 40 kg N/ha applied to maize

Rotation of maize - groundnut, 75% residue 
returned to soil, 80 kg N/ha applied to maize, 
fungicide application on groundnut

Rotation of 4 years maize - 4 years groundnut 
- 4 years fallow, 75% residue returned to 
soil, 80 kg N/ha applied to maize, fungicide 
application on groundnut

Rotation of maize - groundnut, 25% residue 
returned to soil, 80 kg N/ha applied to maize, 
fungicide application on groundnut

Rotation of maize - groundnut, 50% residue 
returned to soil, 80 kg N/ha applied to maize, 
fungicide application on groundnut

Rotation of maize - groundnut, 75% residue 
returned to soil, 80 kg N/ha applied to maize, 
fungicide application on groundnut

Rotation of 4 years maize - 4 years groundnut 
- 4 years fallow, 50% residue returned to 
soil, 80 kg N/ha applied to maize, fungicide 
application on groundnut

Rotation of 4 years maize - 4 years groundnut 
- 4 years fallow, 75% residue returned to 
soil, 80 kg N/ha applied to maize, fungicide 
application on groundnut

Very expensive Continuous maize, 75% residue returned to 
soil, 80 kg/ha applied to maize

Rotation of 4 years maize - 4 years fallow, 
50% residue returned to soil, 80 kg N/ha 
applied to maize

Rotation of 4 years maize - 4 years fallow, 
75% residue returned to soil, 80 kg N/ha 
applied to maize

Continuous maize, 25% residue returned to 
soil, 80 kg N/ha applied to maize

Continuous maize, 50% residue returned to 
soil, 80 kg N/ha applied to maize

Continuous maize, 75% residue returned to 
soil, 80 kg N/ha applied to maize

MaKing CaRBon PayMEntS 
oPERationaL
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Figure 8 . High input maize crop using strategy 5 in 
Table 2. 

Environmental Protection Agency (EPA). They  
already have a framework for doing just that. 
Currently carbon sequestration activities of the EPA 
are focused on forestry projects. Looking beyond 
forestry, useful ways for combining agriculture and 
forestry systems could be identified to make it possible 
for farmers to take advantage of carbon markets. The 
EPA could, as a first step, establish joint offices with 
the Ministry of Food and Agriculture (MOFA) to 
develop educational programs and brochures to raise 
awareness of the potential for farmer participation in 
carbon sequestration programs. The EPA and MOFA 
could work together to identify carbon sequestration 
technologies for forests and soil such as those 
identified in this study, and implement long term (>10 
years) field experiments and demonstration projects 
in interested communities. Guidelines for measuring, 
monitoring, verification and payments would need to be 
adopted and the public sensitized on these guidelines.

Communities of smallholders will most likely consider 
carbon sequestration projects if they are attractive in 
terms of income or local community benefits. Thus, 
a payment structure should be put in place for carbon 
credit payments. In terms of payment schemes, Ghana 
could learn from what is done in other countries. For 
example, in Bolivia, the benefits of a carbon credit 
project was spread over several categories such as 
improved training and capacity building in forestry and 
forest conservation, increased provision of agricultural 
credits to farmers and increased ability to pay for health 
and educational facilities (Gupta, 2007). A similar 
payment scheme could be set up in Ghana whereby 
communities participating in a carbon sequestration 
project could benefit in terms of the building of a 
school, clinic or the provision of boreholes for water 
supply. Communities could also receive benefits, such 
as fertilizer or simple farm equipment to reduce labour 
if they participate in soil carbon sequestration projects.

Operationally, the reliability and effectiveness of soil 
carbon sequestration projects should be established 
on the basis of good soil carbon measurements. The 
EPA can, in collaboration with local universities and 
research institutions, develop protocols agreeable with 
international standards for measuring and assessing the 
soil organic carbon levels of any carbon sequestration 
project. Methods and techniques for monitoring 
carbon sequestration in forests are well established. 
For soil C monitoring, methods developed in the Soil 
Management CRSP project in West Africa could be 
made available for implementation (Jones et al., 2006). 

Developing a carbon payment scheme that works 
will incur costs to establish baseline carbon levels 
or content in a project area, to monitor and verify 
soil and forest carbon storage on farms and to make 
payments. Monitoring of carbon sequestration 
projects should be reliable, cost-effective, technically 
sound, readily verifiable, independent, objective 
and use internationally accepted standards. Thus, 
an independent and credible body would need to be 
established for purposes of verification. To make 
monitoring cost-effective at the farm level, the 
project area must be large enough to lower the unit 
cost of implementation and to be of interest to carbon 
markets. The ability of extension agents to regularly 
supervise farmers to be able to attract significant 
foreign investments will be an important aspect.
Carbon in the soil is not permanent, and will continue 
only as long as appropriate management practices are 
maintained. If farmers in communities who have been 
using carbon storage practices find the need to respond 
to other farming factors that would prevent them from 
continuing their carbon strategies, this could lead to a 
decline in soil carbon. It may be that different payment 
contracts might be employed to minimize this risk. 

ConCLUSionS 
To date few tropical African countries have taken • 
advantage of “carbon payments” even though 
the facility has been available at the “World 
Carbon Market” level for a number of years.
Simulation results using cropping systems models • 
show that in the Wa Municipality, Ghana, several 
feasible land management options exist that can 
lead to improved soil carbon storage and hence 
qualify communities of smallholders for carbon 
payments that would enhance household income.
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In Ghana, the framework for carbon trading exists • 
at the national level but the emphasis is mainly in 
forestry projects. There appear to be no structures 
currently in place for the agricultural sector 
to enable farmers’ to access carbon payments. 
International development agencies, NGOs • 
and government agencies may be looking 
for opportunities to enable African farm 
communities to participate in carbon markets.
This bulletin provides information to those • 
agencies and farmers that should encourage 
the development of such opportunities.
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