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Abstract

Given the changing climate paradigm, food and pgwee likely to become more severe
in Africa. Farmers can adapt to climate changeg@sfly through conservation agriculture. This
study relies on a minimum data approach develogesintle and Valvidia (2006) to estimate the
spatial distribution of opportunity cost for farrsen switching to conservation practices in Wa,
Ghana. It assesses the economic feasibility ofrakseenarios that rely on production
techniques currently studied by the CRSP SANREMegtoWe also explore the possibility that
these practices can provide income from carbonesgption payments implemented by the
Kyoto protocol’'s Clean Development Mechanisms. fitfeehodology uses data from both a
recent survey and information from secondary sautg@ssess simulated management
practices. Results indicate that all the simulateshagement practices would theoretically
benefit farmers. In fact, adoption rates for therfecenarios range from 52% to 65%, even
without any carbon payment. Adding a proportiorejrpent to the amount of carbon
sequestered with these practices does not seergletminfluence farmers switch to switch to
alternative scenarios. The analysis shows thaethesauilts hold even when additional fixed costs
to adopt these practices are included. This casly stemonstrates the usefulness of the
minimum data approach in estimating the economierg@l of conservation practices in Ghana.
These production techniques may represent envirotaig friendly alternatives that are more
profitable for farmers than current practices. fibgt step in assessing implementation of such
practices would require studying farmers’ willingsdgo adopt these production systems, given

their ex-ante economic returns.
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Chapter 1 - Climate change, agriculture and ecosysin services

To what extent is climate change threatening Africa agriculture?
Overview

In 2004, 49 Gigatons of carbon dioxide CO2 equivtaéor GtCO2-eq) were released
into the atmosphere (IPCC 2007a). Carbon dioxidyy ifar the most commonly emitted
greenhouse gas (GHG) in the world. Moreover, thicalgural sector is responsible for 10 to
12% of total anthropogenic GHGs emissions. Howethese trends differ around the world.
Some regions, notably Africa, release few GHGs wtwnpared to others (IPCC 2007b).

The IPCC reports some evidence about Africa’s itlimate. Annual rainfall is likely
to decrease in both the Mediterranean area antderarSahara (2007b). Temperatures are likely
to increase in these regions. In addition, eadénina and parts of central Africa will likely see
their average rainfall increase (Boko et al. 2007).

The report concludes that weather events will Haoté higher intensity and higher
frequency (Collier, Conway and Venables 2008). Beeaof changes in such parameters as
temperature and precipitation, soil moisture islijito change (Houghton 2009). Kurukulasuriya
and Mendelsohn (2008) concluded that climate chanlystrongly affect African agriculture.

In terms of yearly annual crop revenues, lossesnamage from 17% to 32% in West Africa and
from 28% to 79% in central Africa.

Thus, as Collier, Conway and Venables (2008) sthtw, the next half century the key
development issues are African adaptation to futlineatic deterioration and opportunities for

African participation in schemes for mitigation.



What makes climate change a unique challenge in Africa

Collier, Conway and Venables (2008) give threeoraghat distinguish the impact of
climate change on Africa. The first reason, asioedl in the previous section, is that global
warming is occurring faster in Africa than anywhelse in the world. In fact, the IPCC (2007a)
points out that Africa is likely to warm during thentury and that “the warming is very likely to
be larger than the global, annual mean warmingugirout the continent and in all seasons, with
drier subtropical regions warming more than thestesitropics”.

The second reason that makes Africa a distincoreigi that it is a huge continent that
includes more than fifty countries, and spans #malfels from 35°N to 35°S. As a direct
consequence, forecasting the effects of climateaghan the whole continent is more complex,
as is setting up adequate policies.

Finally, primary sectors predominate in most AfriGconomies, if not all. Consequently,
cconomic actors and African people are threateyadiimate change more than any other place
in the world. Furthermore, Chhibber and Laajaj @0@ote that more than half of African
people live in rural areas with two consequenceast,FAfrican populations are highly vulnerable
to natural hazards because they often producedtheirfoods in these same rural areas. Second,
agricultural production in Africa has declined dgithe last decade while worldwide production
increased. Thus, Africa’s ability to feed its oweople will depend on its agricultural

productivity.

The likely economic impact on agriculture

As Antle (2008) states, “agriculture is arguablg thost important sector of the economy
that is highly dependent on climdtés explained in the previous section, climatergais a

significant threat to African countries, especidtly primary sectors. In fact, according to Hertel,



Burke and Lobell (2010), developing countries’ agliural sectors represent more than 40% of
value added for all goods and services in theineooes. Considering the large proportion of
people relying on agriculture, climate change Wil’e a huge impact on African people,
according to Collier, Conway and Venables (2008Y, earlier to Winters et al. (1998).
Kurukulasuriya et al. (2006) point that Africanifegrs do not readily adopt technology, possibly
due to cash constraints (Schlenker and Lobell 2080ich may be another reason that climate
change will be a threat to Africa.

Researchers have taken different paths to estitmateconomic impact of climate change
in Africa. One approach relies on laboratory expents to study the effect of temperature and
precipitation changes on yields. This techniquevasl precise calculations of gains or losses due
to changing climate factors. A second approachmassuhat farmers are profit maximizing
actors and that they adapt their production systend#ferent climate constraints. Maddison,
Manley and Kurukulasuriya (2007) point out thatséaenodels “enable researchers to predict the
effect of movements in agro-climatic zones on warides, patterns of trade and production,
and consumer and producer surpluses”.

Mendhelson, Nordhaus and Shaw (2004) developettemaive method based on
cross-sectional econometric analyses to measuienfiet of climate change on agricultural
outcomes. This approach involves running regresdi@tween outcomes such as farm incomes
or land values and climatic parameters. It wasailhytused in the US and has also been used in
developing countries like Cameroon (Molua 2002hjidfiia (Deressa and Hassan 2009) and
several other African countries (Maddison, Manlag &urukulasuriya 2007); (Kurukulasuriya
et al. 2006). Maddison, Manley and Kurukulasurig@Q7) noted “Agriculture in sub-Saharan

Africa appears particularly vulnerable to climateoge, with losses in Niger approaching



30.5%". Kurukulasuriya and Mendelsohn (2008) coraddwo different models that predicted
the same range of climate change as the IPCC. Taealusion is that central Africa may be the
most affected area in annual crop revenue loss. failure ranges from 28% to 72% for the most
extreme scenario. West Africa would show lossegiranfrom 28% to 32%. In Ghana, the loss
in annual crop revenue is 1.1 or 1.4 US$ billioesty depending on which of the two climatic
models is used.

Lobell et al. (2008) suggested an alternative aggrostatistical time series taking into
account the importance of several crops to foodrégadn insecure regions. The authors
analyzed the likely impact of climate change ordpiciion and highlighted the needs for
investments in specific crops in different regiotsmonstrating that, to improve food security,
investments should focus on maize production intf8ona Africa, on yams and groundnuts in
Western Africa or on wheat in Sahel.

Recently, Schlenker and Lobell (2010) used pantal daalysis to study how weather
fluctuations affect production of five major stagl®ps in Africa (maize, sorghum, millet,
groundnuts and cassava). Using such a method hasakadvantages. Most notably, it provides
an overview of the effects of climate change, gigarrent technology. As a consequence, it
directly indicates how to prioritize investments fesearch and adaptation. Once again their
study demonstrates the strong impact of global wagran agricultural production, even in the
least probable scenario. The median effect on m@azéuction would be -22%, on sorghum and
millet -17%, on groundnuts -18% and on cassava -8%.

Although these studies provide insight into the aetpof climate change on agricultural
production, the whole agricultural trade systent & affected. Moreover, climate change also

has an impact on poverty levels.



What impact will climate change have on poverty?
Hertel, Burke and Lobell (2010) used a generalldagiim global trade model (the

Global Trade Analysis Project or GTAP) to evaluhieimpact of climate change on poverty.
The goal of such a study was to simulate likelydoiaivity shocks due to the effects of climate
change on agriculture. The model includes the pdigiof changing the allocation of foodstuffs
between countries. Thus, it allows food flows betwareas where food is produced and regions
where food is needed to study the role of foodetral poverty. The authors selected five groups
of people who earn more than 95% of their incoroenfone source: agricultural self-
employment, non-agricultural self-employment, rwale labor, urban wage labor, or transfer
payments (government aid for instance).

Their findings confirmed that maize production waghly sensitive to climate change
(Schlenker and Lobell 2010). Not just maize, bugbam, sugarcane and crops using a C4
fixation biochemical mechanism appear to be vengite to climate change. The C4 crop
metabolism has very low photorespiration, allowengps to limit water loss. Consequently,
median prices for cereals (rice, wheat, coarsengrailseeds, cotton and other crops) are
expected to increase by 3.6% by 2030. This priceemse is very high, going from a 16% drop
for the 98" percentile to a 32% increase for tHegercentile.

From a macroeconomic standpoint, Hertel, Burkelaoizkll (2010) consider the impact
of climate change on poverty comprises three factbe impact on productivity change, the
change of regional terms of trade, and the impactficiency. The authors note that climate
change is responsible for the “highest percentaggelk” of agricultural productivity in the sub-
Saharan region. Since demand for staple foodstuftiite inelastic, the direct consequence is an

increase in staple prices. Some countries willyikenefit from these higher prices, especially



ones that export food. However, countries that ddpm imports will suffer. The last
component of the analysis focuses on economiciefity. The study shows that economic
efficiency is likely to decrease more and more.yTégtimate losses up to 1.5% of the crops’
GDP in the more pessimistic scenario to 0.5% imtlst likely scenario.

When they combine the impact of productivity shoskscost of living and earnings, it
appears that, in the median case, the shocks atabsitively with poverty reduction in
households supported by agricultural self employraed diversified households. However,
poverty rises for the urban wage labor group, ghotinese results depend highly on the
contribution of each stratum to national povertytHe sample of countries that Hertel, Burke
and Lobell (2010) studied, only African countrieswid see their poverty increase, even in the
95" percentile case.

Costs of living are likely to increase for most id&m countries because of higher staple
prices, and because of the structure of their terimtiade. Increasing African income and
agricultural productivity would effectively offsétese effects. Adaptation and mitigation to
climate change should increase incomes of rurgblpeMitigation is defined by the IPCC
(2007a) as “an anthropogenic intervention to redbeesources or enhance the sinks of
greenhouse gases.” Adaptation relates to a changactices due to weather and climate
variation. It includes “crop diversification, iragjon, water management, disaster risk
management, and insurance” (Adger et al. 2007) t Miothe studies detailed above do not
incorporate potential mitigation or adaptation limmate change. This is a growing area of

research.



Can payments for ecosystems services be a part betsolution?

Changes in climatic parameters will affect agrolegical ecosystems negatively, which
may require implementing measures to both adaptratigate climate change. Two reasons
make mitigation important for the African continehirst, worldwide decrease in GHGs
emission would soften the impact of global warmamgagriculture in this region, so worldwide
treaties on climate change might be a new oppdsttimireduce the impact of global warming on
Africa. Second, Africa is a major emitter of GH@arh land-use change. In fact, it has 20% of
the worldwide emission (Collier 2008), primarilydaeise of heavy deforestation in the region.

Definition

Markets usually fail to provide economic for envineental services. Nevertheless, some
mechanisms have begun to give economic value fdr sxternalities. Among them are the
ecosystem services defined by the Millennium EcesgsAssessment aghe benefits people
obtain from ecosysterhfAlcamo and Benett 2003). Many ecosystems sesvéce related to
providing food and water and controlling flood atideases. They also include climate change
regulation. The Food and Agriculture Organizatiéthe United Nations (FAO) (2007) defines
externalities as ecosystem services that are caasegs of primary activities like food
production, so people cannot mitigate their prodmctHence, two types of externalities are
defined. The off-site externalities affect actotisen than the producer, whereas the on-site
externalities directly affect the producer of thegernalities. In agriculture, an off-site
externality might be the impact of over fertilization ground water that people would latter
consume (a negative externality). It can also Heaease in GHGs emission from agriculture
that would benefit a whole society (a positive exadity). An on-site externality could be the

effect of over fertilization on livestock health tre same farm (a negative externality). It can be
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an increase in soil moisture thanks to conservairactices that decrease GHGs emissions (a
positive externality).

The PES demand should begin to increase in thefueme (FAO 2007). Carbon
sequestration programs, which are also includeddase PES, fall into two different types. The
first diverts land from agriculture to other usesl are called land-diversion programs. The
second modifies agricultural activities to achiewwironmental goals and are referred as
working land programs (Zilberman, Lipper and Mc@gr2008).

There are four different categories of PES and ptdvksed instruments: pollution
charges, tradable permits, market friction reduntj@nd government friction reductions
(Stavins 2001). Recently, the Kyoto protocol impésrted a carbon market for the governments
that ratified the accord with the goal of reduc®gG gas emissions (United Nations 1998). The
2009 meeting in Copenhagen, Denmark, failed tonektke Kyoto protocol commitment period
that ends in 2012. The next round of negotiatiacuisently taking place in Durban, South

Africa, with a probable focus of implementing a@ed commitment period.

Emission trading principle

A cap-and-trade system is a market-based appro#chhe goal of internalizing
externalities. Such a system creates economic tivesrfor actors to decrease a particular type
of pollution. The principle of this emission tradisystem is to first, set a maximum amount of
pollution released into the atmosphere (in the chgms trading systems). This cap is usually set
by governing entities that set a national amoumgatiutants allowed. This amount is then
divided into permits allocated to polluters whia@nde sold and represent the polluter’s right to
emit a certain volume of a pollutant. Polluters tiudd permits for an equivalent amount of

pollutants.



Then, entities that want to increase their emissgan buy permits from those who are
below their maximum amount of emission. Thus, flyistem rewards firms that emit fewer
pollutants by allowing them to sell their permiéd.the opposite end, firms that pollute more
must pay to get new permits to set a higher emmdgiel. That is the trade part of the cap-and-
trade system. A few markets have been implemebt#ti,in the US (notably for acid rains) and
worldwide. Under the Kyoto agreement, the Europgéaion adopted a cap-and-trade system for
GHG emissions, aiming to reduce emissions by 8%088-2012 over the levels in the 1990s.
This is currently the largest trading system inwlogld for GHG emissions and is called the

European Union Emissions Trading System.

The Kyoto Protocol and its opportunities for developing countries

Taking into account the new climate and economiagligm, the Kyoto protocol aims to
mitigate climate change effects by decreasing GEiGissions. Its main goal is to reduce
emission levels by 5.2% in 2012 from the 1990 lédwethe Annex | (industrialized and in
transition) countries (United Nations 1998).

To reach this objective, the protocol allows seleperations called flexible
mechanisms. The Clean Development Mechanisms (Cilibys entities from developed
countries to buy Certified Emission Reduction (CHjn projects in developing countries to
meet their cap levels. The Joint Implementationesysaims to develop common projects within
Annex | countries (developed countries). Finalhg tast mechanism authorizes an emission
trading system, also known as a cap-and-traderayste

The CDM supports emission-reducing projects in tgiag countries. It allows a
developing country to implement such projects tim garbon credits (Certified Emission
Reduction credits) that can be sold in the worldbea market. This promotes sustainable

9



development and emission reduction in developinmtiees. According to the UNFCCC, this
mechanism registered more than 1650 projects atioguior almost 3 billion tons of CO2
equivalent in the first Kyoto protocol period (fra2008 to 2012). As shown in Figure 1-1, most
of these projects are in south East Asia, and @keatid South America. Only one project is
currently in underway in Mali, and one in Ghana.

Figure 1-1Clean development mechanism current pros

Source: United Nations Framework Convention on @tarChange

e CDM project, Large scale, one location
CDM project, Large scale, several locations
CDM project, Small scale, one location

o CDM project, Small scale, several locations
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Current carbon markets

The Kyoto protocol increased interest in the po#tnd sequester carbon in agricultural
sinks to generate carbon credits, both in agriceiltund forestry. Thus, carbon sequestration may
represent a new source of income for farmers. #watig the ratification of the protocol, many
countries implemented their own GHG markets to nteeKyoto requirements in terms for
GHG reduction. In parallel, business interesteckirbon trading have become involved in other
voluntary markets, not based on regulatory congsaalthough not all allow agricultural
credits.

Under the Kyoto cap-and-trade system, countries $averal options in complying with
protocol requirements. They can reduce emissiodsalhthe credit saved, or they can buy
additional credits to prevent fines. Thus, bottboarcredit and carbon offsets are commodities
on the market. They are generally traded in torsadfon dioxide equivalent, which is not equal
to a ton of soil organic carbon.

Moreover, two different types of credit exist (Walins, Mooney and Peterson 2009).
Regulatory credits are usually auctioned or atteduo a GHG emitter. These permits can be
seen as allowances for firms and countries to Il@n the other hand, project-based credits are
generated when a program aims either to reduce &HiGsions or sequester carbon, in some
cases, through agriculture. Whereas both typesediits can be traded, project-based credits
bear a risk for the buyer. In fact, a seller mayfodbill its sequestration objective. Moreover,
project based credits can be generated over tifmereas regulatory credits are fixed by the
regulator (Williams, Mooney and Peterson 2009}thin case of the Kyoto protocol, GHG

allowances must be reduced by 5% by 2012 over388 [evels.
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The program in this case study focuses on projasédh credits creation. Three types of
such allowances can be traded on the market. Theskm Reduction Units (ERU) refer to
projects related to the Joint Implementation ofgthetocol whereas the ReMoval Units (RMU)
are created through forestry and land-use charagrams. Finally, Certified Emission
Reductions (CER) refer to credits generated urteKiyoto’s CDM. By the end of a
compliance period, countries that ratified the Kyptotocol must combine enough credits and
offsets to reach their GHG emission objectives.eBtise, they face a fine defined in the
protocol (Williams et al., 2009).

The most important market for the Kyoto mechanisrthe European Union greenhouse
gas Emission Trading Scheme (EU ETS). lIts firstsphan from 2005 to 2007. The second

phase is currently operating and should end in 24 2hird phase will run from 2013 to 2020.

Agricultural ecosystem services and poverty
Pagiola et al. (2005) and Zilberman, Lipper and ity (2008) have studied the

relationships among poverty, agricultural developitmand ecosystem services in developing
countries.

To provide ecosystem services, agriculture canghdme environment in three ways:
climate change, water degradation, and biodivelsgy. To increase ecosystem services,
farmers can first change their production practiceplementing sustainable production
practices, for example. Such changes are calledimgpland programs because they change the
way land is cultivated. Second, farmers can use-thversion programs, where land usually
allocated to crops and livestock production is use@nother purpose. The fallow land option
implemented by the European Common Agriculturaldyak a good example of such a land-
diversion change. Third, farmers can also changi éind use habits, for instance, converting
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forest to agriculture (Food and Agriculture Orgatiian of the United Nations 2007). These
changes imply different types of actors and hatfferdint effects from both microeconomic and
macroeconomic standpoints.

The FAO (2007) describes four dimensions in whiese changes in agricultural
production can provide ecosystem services. Ficstsystem services are not independent and
can interact with each other, either positivelyJWd®n we would increase a habitat for a species
that may benefit other species) or negativelyf(#ss species would threaten other species).
Secondly, natural parameters such as soil charstatsy climate, water and topography can be
positive for some environmental services but negdtr others. Third, some ecosystem services
can be provided only in a particular region. Thhs, political and economic context makes
ecosystem services relevant only for regions wierg can be implemented because of political
and economic stability. Finally, ecosystem servicas benefit an individual or the whole
community, even if the resources that provide tleessystem services are privately owned.
Private actors can be motivated to participathésé¢ ecosystem services. For instance, in the
case where farmers adopt working-land programs ascfo-till practices, ecosystem services
benefit farmers and communities because no-tip$eatitigate climate change.

However, broad generalization is not possible. inkeractions between ecosystem
services and agriculture must be studied on a fgri@ad microeconomic scale. In fact, soll
management, productivity, poverty reduction andsgstem services are linked (Lal 2004; Foley
et al. 2005; Perez et al. 2007). Hence, estima&oogystem service costs and the impact on

agricultural productivity become important.
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The carbon gap
Carbon sources and carbon sinks

In agriculture, carbon is partly released througbrabial decay, burning of plant litter
and soil organic matter (IPCC 2007a.). Carbonnsagor component of organic organisms; a
plant incorporates carbon atoms into its strudh@eause of photosynthesis. Consequently, soils
have a high potential for carbon sequestratiomaaiing for twice the amount of carbon in the
atmosphere. Because plants consume carbon inrttosplere and store it in the ground, soils
become carbon sinks, while carbon sources releabert into the atmosphere, often through
human activities like manufacturing and energy poaidn.

The FAO (2007) outlines the advantages of sequegtearbon through agriculture. This
practice is not costly to implement and it alsddseother agronomic benefits like increased
organic matter and improved nutrient and watemteda in soils. However, carbon storage in
agricultural soils is reversible: changes in praducpractices can release sequestered carbon to
the atmosphere. According to the report, almosb2lidn tons of carbon could be sequestered

worldwide.

Potential for carbon sequestration
The FAO (2007) differentiates carbon sequestrdtiom above-ground biomass and

carbon sequestered below ground. Above ground lasmcean be increased with tree plantations
and shrubs. Agroforestry, tree plantations, andopdstoral systems are among the techniques
that increase above ground biomass and thus cadsprestration. Palm et al. (2005) estimated
that changing forest management sequester 213roresof carbon per hectare over the life of a
forest and that an improved fallow production syst®uld sequester 4.6 tons of carbon over

eight years. The FAO (2007) argues that the mafgocaecan be sequestered through
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afforestation or reforestation and that annual emog pasturesstore a small fraction of that
amount, where dead plant material and carbon dissolwegtoundwater are sources of
sequestration.

One third of land with a high potential to sequestgbon are found in 15% of the total
cropland area (FAO 2007). Furthermore, 25% of dinés is located in Africa. A deeper look into
these data highlight that carbon sequestratiomgiatas higher if appropriate cropping systems

are implemented in these areas.

The SANREM project
The SANREM (Sustainable Agriculture and Natural Reses Management) project is

based on three observations: African farmers anedeclimate change, they must adapt their
production technigues, and they might consider dppdies involved in carbon sequestration
programs. The SANREM project is a Collaborativedesh Support Program (CRSP) funded
by USAID. Its main goal is to[§]Jupport sustainable Agriculture and Natural Resource
Management decision makers in developing counlryygsroviding access to appropriate data,
knowledge, tools, and methods of analysis; andibyaecing their capacity to make better
decisions to improve livelihoods and the sustaiitglof natural resources.”

The leitmotiv of the project’s research is supp@tsustainable agricultural and natural
management practices that develop niche marketgca-friendly, and are competitive. A
formal analysis would help explain to what extentriers would be willing to adopt
conservation practices. Thus, we must examine emstdenefits farmers would face when
adopting such practices. The project supports relsedl over the world. Kansas State

University (KSU) is involved in the long term resetaaward number 8, “Improving soil quality
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and crop production through CAPS in West Afric@APS stands for Conservation Agriculture
Production Systems. KSU research focuses in twotdes: Ghana and Mali.

Such a project involves different actors, with eiffint objectives. African farmers expect,
as a main outcome, agricultural practices thathedp them to adapt to climate change. The goal
of SANREM is to assess the impact of climate chamgagricultural production and to study

adaptation techniques on a microeconomic scale.

Study objectives and approach

Considering the potential for implementing consgorapractices, and given the
opportunity for farmers to benefit from paymentsdéoosystem services (PES), the main goal of
this thesis is to perform a case study in Nortl@&hana, in the Wa area to find to what extent
these objectives can be achieved. Although itilisesiperimental, the SANREM project is
nonetheless interested in a further implementaifancarbon payments scheme. Field
experiments are currently examining conservatioicalure production systems. The additional
carbon that these practices sequester over cdamning practices may represent a new source
of income for farmers. We will study ex-ante to whatent farmers may adopt conservation
practices and carbon payments as an incentivaforers to switch to such practices. This case

study is designed to improve our understandinfpe$é¢ tradeoffs.

Thesis organization

In the following section, a brief literature revi@ims to better explain carbon
sequestration and its role in adopting conservagnculture production systems. It details

studies that have evaluated carbon sequestrabondn economic standpoint.
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This leads to a description of the case study anelacurrent farming practices in the
area. Alternative conservation management praciiceghen simulated to assess their economic
profitability in farming communities in Wa.

After this, costs and revenues of both currentamdilated management practices are
calculated using field data and information fromaeary sources. Using a minimum-data
approach with a model developed by Antle and Vav{@006), we will predict participation in
carbon contracts at different carbon price levelthe market.

Both the cost/revenue calculation and the restdts the minimum data simulations will
lead to key findings, particularly farmer partidiipa in carbon contracts when different
conservation agriculture production systems areilsitead. These findings should allow policy
recommendations on implementing carbon contraatdfaa profitability of conservation

practices in this area.
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Chapter 2 - Problem definition and methodology

Narrowing the problem

To evaluate the potential of conservation practares PES, a literature review can
provide evidence of the economic analysis of edesyservices. In this review, the adaptation
phenomena provide an introduction to a microecon@waluation of the extent to which
African farmers can adapt under climate changeois#y, a brief review of sustainable
practices that sequester carbon will give a deepéerstanding of the production techniques
considered in this study. Then, some discussiowighes insights into the different approaches
that can evaluate the economic profitability of PERS section will highlight the method
chosen in this case study to assess the proftiabiliconservation practices in Wa and will lead

to the description of the data used for analysis.

Literature review
Can African agricultural-households adapt production to face decrease in earnings?

The adaptation phenomenon is the “[a]djustmentaiiniral or human systems to a new or
changing environment” (IPCC 2007a.). Soil fertilihaintenance is one example of reactive
adaptation as are introduction of new crops andi@nccontrol. Anticipatory adaptation could
involve soil and water management, or differenet/pf economic incentives.

Adaptation is a key factor for food security. Fgdduction and rural poverty both
influence African farmers’ reactions to climate ska Stern (2006) emphasizes that economic
development is essential to adapting climate chardgerever, adaptation in developing

countries is currently limited by both human capaand financial resources (UNFCCC 2007).
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Antle (2008) sees adaptation to climate changerasut of the supply of agricultural
production and the demand for foodstuffs, as oedliny Hertel, Burke and Lobell (2010).
Collier, Conway, and Venables (2008) have a shgtififerent point of view. They describe
different kind of adaptations among three main ecain entities: African private actors, African
public sector, and international organizations.

The public sector could supply information aboutpcvarieties. International
organizations also have an important role in prioggdood aid considering the “costs of African
adaptation to these adverse externalities.”

Private actors will likely adapt to climate charigetrying to avoid the announced
decrease in agricultural productivity and the asged increase in commodities prices.
According to these authors, people will face trokeices due to the impact of climate change on
agriculture. They can shift to other economic se;ttihey can migrate to regions where climate
change actually enhances agricultural productivtyat least does it no harm, or they can
change their production techniques. Antle (2008uas that adaptation at the production site
will increase pressure on water resources in agibns. Furthermore, both population density
and agricultural production are likely to increasbus, better management of natural resources
and implementing different production techniquelp i@mers adapt. These two interrelated

elements are integral to conservation agricultpratluction systems.

Technical issues: How will agricultural practices affect soil productivity and carbon

sequestration?

Any crop can sequester carbon thanks to their gioéd mechanisms. However, can
carbon sequestration into soils be improved? Mamgiss have investigated what agricultural

technigues provide the most carbon sequestratienh&Ve some evidence that some agricultural
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practices allow more sequestration than the uswalygtion systems. Ringius (2002) and later
Wilman (2011) noted some practices that can impoarbon sequestration: no tillage, cover
crops, and converting crop land into forests dmgtit lie fallow. Some of these techniques are
part of conservation agriculture production systefiee FAO (2001) defines conservation
practices as those based on tillage reductionifdgarop residue on soils, and not burning
residue after harvest. No tillage is already use8auth America and Africa (IPCC 2007a), and
in other developing countries as a new way to @meeproductivity and create more sustainable
production systems (Lal 2004; Pretty 2008; Hoblagr& and Gupta 2008; Naab et al. 2008a,;
Naab et al. 2008b; Wilman 2011).

Conservation agriculture has many benefits, andhlhatre in actual production. For
example, no-till practices increase the level df @@anic matter. Moreover, they rely more on
decomposition/mineralization associated with cregidue instead on collecting crop residue.
Consequently, these practices increase soil ordmatause no-till keeps carbon in soil instead of
releasing it into the atmosphere. Moreover, whep cesidue are not burned, grazed, or
removed, the residue itself represents another &rcarbon storage. Finally, these techniques
can be adopted in already cultivated agricultusdéi§ (Zivin and Lipper 2008).

Global statements about conservation practicesfieaee, however, impossible because
of differences in climate, soil parameters anda@diurral practices. These benefits must be
assessed carefully taking the context into accdunthermore, climate change will affect the
context, particularly in Africa. Climatic and weattparameters are becoming more and more
unpredictable across this region. Some studies tierenstrated that conservation agriculture
will benefit farmers in developing countries (Pye2008; Hobbs, Sayre and Gupta 2008), but ex-

ante empirical assessment is important in studiiedeasibility of conservation practices. In

20



addition, carbon sequestration associated witherwation practices must be estimated and
economically evaluated. Empirical experiments melp lvalidate these more intuitive
conclusions.

The FAO (2004) does note that, in the long ternanges in land use could increase soll
carbon and later (2007) argues that “retentiorrgp cesidue and substantial addition of
farmyard manure” can lead to carbon sequestratitinsioils up to 40 tons per hectare. An
important research step then is to explain andtifydhis sequestration potential.

Zivin and Lipper (2008) point out “Payments for ttebon sequestration benefits of the
system provide a potential opportunity to suppleetadoption of the system and make a
significant contribution to agricultural developmeamd climate change mitigation.” Zilberman,
Lipper and McCarthy (2008) add, “One of the mosinpising areas of future research in this
field is empirical work using spatial data on pdyeagricultural productivity, and potential ES

supply to further investigate the potential beseatite poor may realize with PES programs.”

I ncentives to adopt conservation agriculture

Even if conservation practices, theoretically, h@lpductivity and may reduce poverty,
this system must provide incentives strong enooglfiarmers to adopt these practices. Antle and
Diagana (2003) and Zivin and Lipper (2008) studrexntives to adopt production systems that
increase carbon sequestration. The latter studys&scon risk in this adoption process, notably
on the risk of the transition to a new productigstem (Food and Agriculture Organization of
the United Nations 2001; Bishop-Sambrook et al 2@®bbbs, Sayre and Gupta 2008). The
authors divide this risk into technology impact gmdductivity impact (Zivin and Lipper 2008),
showing that risk and uncertainty are the majoriber to adopting conservation agriculture. As
a result, incentives that compensate for thisstsuld cover the adaptation period until the
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alternative system reaches maximum productivityti@dand Diagana 2003). PES may cover this
risk premium. Zivin and Lipper (2008) suggest thattching to conservation agriculture could

bring returns of US$0.90 to almost 15US$ per hegbar year.

I s carbon sequestration economically profitable for farmers?

Costs and benefits of adopting conservation prestibat sequester carbon must be
explicit (Zivin and Lipper 2008). In fact, as thA® (2007) puts it, “the economic feasibility of
the required land-use changes is not yet clearséRehers generally agree about the way
carbon sequestration would reward farmers. To readghble point, farmers would need to
engage in carbon contracts detailing conditionseumdhich farmers would be rewarded for
carbon sequestration. Monitoring carbon creditstaedcontract would be necessary. Because of
these carbon contracts, farmers would adopt enviemtially harmless management practices
that would also sequester carbon. Hence, contwamitd reward farmers only for additional
carbon sequestration over earlier practices inrdggiobn. The monitoring system would have to
make sure that farmers follow the practices defingtie contracts. This system should assess
the economic profitability of these practices teess the feasibility of the contracts. Two main

approaches could empirically assess the economsibitity of ecosystem services.

Full data approach
Just and Antle introduced the first approach (1998¢y proposed a theoretical

framework to analyze the synergy of agriculture andironment. Many studies have used
theoretical framework that relies upon a softweegjing on the Tradeoff Analysis software
(Pautsch et al. 2001; Antle and Diagana 2003; Feligg and Gassman 2004; Wu et al. 2004;

Lubowski, Plantinga and Stavins 2005; Diagana.e2a807).
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Framework
This method uses site-specific data to assessitiaction between agriculture and

environment. This type of analysis uses spatialplieit data and complex econometric models
linked to biophysical models (e.g. crop growth nmisfland environmental process models (e.g.,
NUTMON). It may also rely on crop growth modelsdi®SSAT/Century to simulate changes in
soil carbon stocks under alternatives managemeuwtipes and under different price scenarios
(as in Diagana et al. 2007). Part of the approadiased on the calculus of the net present value

to switch to carbon sequestration practices, as/sheelow:

T
(Equation 1) NPV (i,s) = ZDt(NR(pt, wt, zt, s) + PtACt(i,s) — Mt(i,s)) — I(i,s)

t=1

whereNPV s the Net Present Value, an@t (i,s) represents the soil carbon increase
after changing fromto s. Ptis the payment per ton of carbon sequesteredgrerdpDt
represents a discount factor (1/(1#wijth an annual interest rate ofNR (pt,wt,zt,s)s net return
per hectare for systesin periodt, given product pricet, input priceswvt, and capital services
zt Mt (i,s) is the maintenance cost per period Hnd) is the fixed cost for changing systems. As
a consequence, farmers might adopt a pro-carboageament iNPV (i,sPNPV(i) (Antle and
Diagana 2003).

The model uses an econometric process simulatainihy combine output supply
functions and input demand function. The Tradeaf@isis software described in Stoorvogel
(2001) is specific to each study site. Economeinid crops growth models must be designed and
calibrated for each site. Consequently, it is um@g when spatially explicit and precise data are

available. Referring to both the requirements rmgeof precise data and the time necessary for
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their collection, this approach is referred aslbdata (FD) analysis by its authors (Antle and

Diagana 2003).

Empirical experiences around the world

The Tradeoff Analysis software has been tested ieafly in Senegal, Peru and Kenya
in Antle and Stoorvogel (2008). While part of Anded Stoorvogel (2008) focused on carbon
sequestration in soil using system and environnhegtaerimental and farm-survey data, they
also used econometric process simulation modedsrtolate working-land programs and soill
carbon contracts that required changes in agri@llfractices, such as a management of soil
organic matter or different water management. Aatld Stoorvogel (2008) suggested that
farmers in Kenya and Senegal adopt agriculturddrieges ike incorporating fertilizers or crop
residue and shift to terracing and agroforestrgticas in Peru. Measuring and monitoring used
randomly selected samples. The costs of this $enooitoring may not be sufficient to track
carbon sequestration (Mooney et al. 2004).

In the kinds of analysis outlined by Antle and Stmgel (2008), even if farmers are
willing to participate, such contracts can be atiddy a number of factors, and the risk was not
incorporated into the analysis. The authors alpornted that farmer participation depends on
spatial distribution of opportunity costs to switchalternative production systems. Furthermore,
their conclusions suggest that the likely impaatarbon contracts will be to raise rural incomes
and reduce the rate of soil carbon loss. In soreeszaarbon contracts may stabilize soil carbon
stocks at a higher level than would otherwise lasitde, for example, when organic matter can

be increased at a relatively low cost.
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Ghanaian studies relatives to this approach
To assess carbon sequestration with site speeife; &oo (2007) used a Decision

Support System for Agrotechnology Transfer (DSSAiDdel with the Century model. Using

soil samples from 132 farm fields in Wa, northeftma@a, the author studied carbon
sequestration in the top 20 cm of soils. His ressitow an above the average increase in carbon
sequestration for cereal based cropping practiegaply for legume and tuber-based practices.
Moreover, residue retention and fertilizer use@ased soil carbon retention. Furthermore, when
farmers followed an appropriate crop managemenésyshe annual average amount of carbon
sequestered across the region was 173 kg per bgeayear. Moreover, management practices
relying on no-till methods sequester significamtigre carbon than systems with tillage. Koo
(2007) also assessed the efficacy of fertilizerarss concluded that, when fertilizers are not
available, no-till based practices yield the higlsssl carbon sequestration. From a global
standpoint, his study showed that conservationtigexclike no-till and appropriate residue
management represents real potential for carbamesémtion if used correctly, and if
economically profitable. Finally, Koo (2007) notdtt US$4000 could be generated through
carbon payments over 12 years in the region, ata pf US$4.00 per MgCO2 and over a total
of 132 fields.

Another study in Wa went further and estimatedféasibility of using carbon markets to
support conservation practices and increase tlmria®f farmers in Wa (Gonzalez-Estrada et
al., 2008; Naab et al. 2008a.). These authors hotesed the theoretical framework developed
by Antle and Diagana (2003) and assessed differeptmanagement systems in Wa. To
estimate the amount of carbon that could be seergestinder simulated scenarios, their study
used the DSSAT/Century models. They calculated\igtePresent Values of conservation

practices over 20 years to evaluate the econonsis cmcluding a fixed carbon payment. The
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level of this Certified Emission Reduction (CERypeent was US$7.51 per ton of carbon
dioxide equivalent (equal to US$27.5 per ton of saibon sequestered). Finally, the study
assessed different agricultural systems’ contridmgtito farm income with and without carbon
payments using an optimization model.

The conclusion was that switching from current pcas to the simulated management
strategies would lead to an increase of the netepitevalue farm profits of 2 to 32% over 20
years. Further, the net present values would isereath increasing level of inputs and when the
proportion of residue returned to the soil increaselding the level of inputs constant.
Moreover, management practices that allow the sigb&bon sequestration were not
necessarily the most profitable for farmers. Gatill further, the authors ranked different
management practices into four groups accordirigdiv relative costs, from inexpensive, to
medium-cost, expensive, and very expensive stiegegi

The study ranked production strategies accordirsgtpestration possibility, to their
costs, and to their NPV. However, no tradeoff asedyhave been conducted to derive the
adoption rates within farming communities in Wa.rglaver, the study’s findings rely on a fixed
price for carbon. Nevertheless, as seen in theduattion, the price of carbon is subject to two
factors of variation: the future of the Kyoto protd, and the dynamic equilibrium of the carbon

market that creates price changes.

Minimum data approach
Full data analysis is particularly time consumirgduse it requires precise on-site

environmental, economic, and agricultural datautothe several models required to perform the
analysis. Moreover, these kinds of precise datamoaye available in every region or

impossible to collect in a short time. Antle andw@ia (2006) developed an alternative method
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using a minimum-data (MD), which relies on a sphtiexplicit production model that derives
the supply of ecosystem service, using a smabfsetpresentative data.

The purpose of such an approach is to develop ititatave analysis of the supply of
ecosystem services and to derive ecosystem sepacgsipation estimates. This approach uses
data available from secondary sources and thatheayllected faster than data required to
perform an analysis with more complex models. MeegpAntle et al. (2010) demonstrated that
the MD results are comparable to more detailed tmoglprocesses. Since its development in
2006, the minimum data approach has been usedng araas, in both developed and
developing countries (Antle and Valvidia 2006; Angt al. 2010; Claessens, Stoorvogel and
Antle 2008; Immerzeel, Stoorvogel and Antle 200@Jukenge, Antle and Stoorvogel 2009).
Smart (2009) incorporated the risk aversion paramato the model. The MD is the approach

we will use in this case study. The section belogspnts its methodological basis.

Implications for the study: Approach and data used

Both time and data for performing a detailed analysWa are in short supply, so a
faster, but still accurate, method has been usaddess conservation agriculture production
systems. Moreover, to build upon existing stude®/a, carbon sequestration was evaluated
from an economic standpoint. The analysis took atwount market volatility, that is, different
carbon prices. We also wanted the extent to wracmérs would adopt alternative practices. For
all these reasons, the minimum data approach aggbéabe an appropriate tool for this

assessment.

Methodology and principle of the analysis conducted

In this case study, we considered how carbon catstsould be introduced to the Wa

farmers. We assumed that they would receive payfoeswitching from current practices to
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practices that sequester more carbon through oaatger practices. This payment would reward
farmers for any additional carbon sequestered thear current practices (i.e., compared to a
baseline scenario). Different management practiege simulated to compare the ecosystem
services produced and assess farmers’ participeticarbon contracts under different
management practices. We assumed that carbon cisnivauld require farmers to adopt precise
management practices. Moreover, because we asdhatdtiese contracts reward only an
increase in carbon sequestration, farmers cannet arcontract if they do not follow new
management. Because the information was availdi#@enanagement practices assessed in this
analysis were Koo’s (2007). They are describedhénext section.

Estimating ex-ante what agricultural practices widug adopted by farmer required
estimating ex-ante parameters, including how maechan would be sequestered under
alternative practices, and the cost of each oktlpeactices. Thus, an estimate of costs and
revenues of each management practice was perfdimsed hen, the minimum data model was
used to estimate farmers’ adoption of managemexttipes. Before detailing simulated

management practices, we provide of the study area.

Data sources
In this study, information about yields and managenpractices characteristics were

derived from soil samples and farm management gareenducted in four villages (Nakor,
Kparisaga, Kumfabiala and Bamahu), over more tt&hfarmer fields from July 2004 to April
2006. These data were analyzed by the Savannabulgral Research Institute. Information on
land-use history, residue management, fertiliz@liegtion, soil organic carbon contents and soill
texture were collected. Koo (2007), Naab et al0OgH), Naab et al. (2008b) and Gonzalez-

Estrada et al. (2008) used these data in studrésrped in Wa. Data about farmers’
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management practices were gathered during thiggand synthesized in Gonzalez-Estrada et
al.’s (2004) case study.

Koo (2007) used soil samples to estimate the amafucdrbon that could be sequestered
under different sets of management practices UI3B8AT, associated with the Century model
4.0. The Century model adds a soil organic ma#sidue module to DSSAT (Gisman et al.
2002). The combined model (DSSAT/Century) couldutate crop growth and soil organic
dynamics under different management practices. Jihisllation covered a period of 20 years,
with 2006 as the initial year using soil organiotant and texture measurements from samples
as initial soil properties. Weather data (tempeggtsolar radiation and rainfall) were generated
using data from measurements that the Savannakuhgiial Research Institute has recorded
over 8 years. Several soil data (soil organic cadrad soil texture at 20 cm depth, water holding
characteristics, root growth factor, bulk densayd soil pH for different soil layers) were used
as inputs for the DSSAT/Century model, along withudated cropping sequences. For each
scenario, crop growth and soil carbon dynamics wesdicted, and the amount of carbon
sequestered and the anticipated yields were céécliby the DSSAT/Century models.

The SANREM CRSP has gathered more recent dataZiinhouseholds in 2010, over
three districts in the Upper West Region: Wa W&, municipal and Lawra, and over an area
of 1186.68ha. Demographic information was colle@kxhg with agricultural and non-
agricultural assets, land use, labor, grain traimaand output use data. Other information
(affiliation to organization, food security, knowlige, beliefs about conservation practices and
data about the agricultural network) were also ga&ith. A preliminary report was released in the
SANREM CRSP collaborator network (Yahaya, Hashimh Balton 2011). A demographic

description of the population surveyed is giverohel
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Table 2-1 Demographic Statistics of the populatiosurveyed*?

Mean Std. Deviation
Household size 8.2 3.5
Age of Household head 43.8 13
Age of first wife of household 31.8 14.1
Number of adults in the household 4 2.1
(>15yrs)
Number of children <15 years 4.2 2.4

"Data calculated from surveys performed by Yahay20ihl

2 A total of 201 households were surveyed

Site characteristics
Since a carbon contract would only reward additian@ounts of carbon sequestered

over usual farming practices, baseline practiceeasential for comparison with the other
management scenarios. Describing the type of dgrraliactivities in Wa is also important. Wa
is in the northwest corner of Ghana and has a rrezaperature of 32°C. Yearly rainfall
averages 1200mm during the rainy season, whicmdstizom May to October. Soils are mostly
sandy and are classified as ferric lixisols andsiloig. The region is characterized by subsistence
farming where farmers usually farm two types ofdlaoush and homestead. Bush farms are
usually a few kilometers from the homestead.

Koo (2007) states peanut, sorghum and maize a®farpreferred crops in Wa in 2003.
He also reports that the proportion of fallow desexl from 50% in 2001 to 16% in 2005. In
addition, cereal production, notably millet, incsed. Recently, Yahaya, Hashim and Dalton
(2011) report that maize (40%), millet (10%) andugrdnuts are the most common stored crops.
We chose these three crops to define the basel@maso described in the next section.
Moreover, Yahaya, Hashim, and Dalton (2011) 42%nefhouseholds surveyed followed a
mono-cropping system including crops like peanmiaize, millet, rice, sorghum, soybeans, and

yam. Maize, peanuts, millet and rice were the crapst produced in the region at that time.
30



Yahaya, Hashim, and Dalton (2011) also add thathifeuwseholds practice mixed cropping
associating legumes and cereals, e.g., assocratlileg and peanut cultivation.

Considering these facts, the cropping systems fagsexir analysis were the ones that
predominate in the region, and the one for whidla deere available when simulating alternative
management practices. Consequently, the five mamagtepractices and the three crops studied
by Koo (2007) were used according to the followingpping system: continuous maize,
continuous millet, and continuous groundnut. Theebae production system was a four year
rotation with two years of maize, one year of njlend one year of groundnut. The five

management practices that were used for analysidemscribed below.

Current farmer practices (FP scenario)
As explained in the previous section, current farpractices include growing crops like

maize, millet, groundnuts, yam, cassava, rice anghsim. Fertilizer is not commonly used in
Wa for the three crops of interest. The median obBIPK application for maize is
US$7.41hal/yr (with an average US$51.59ha/yr artdradard deviation of US$90.38ha/yr),
according to the most recent survey. However, tdase are highly skewed. Thus, in the
baseline scenario FP, we assumed that farmerstdgsadertilizer. One reason for applying so
little fertilizer is its prohibitive cost (Koo 2007

Moreover, farmers usually rely on stored seedHerrtext year’s crops. Hence, the
median cost for maize, millet and groundnuts sedtghly skewed with a cost of US$3.06/ha/yr
for maize (average US$11.05/ha/yr and standardseofdJS$ 27.81/halyr), US$1.53/ha/yr for
millet (average US$4.21/ha/yr and standard errbt$S$ 7.79/ha/yr) and US$11.23/halyr for
groundnuts (average US$16.59/ha/yr and standavdsesf US$ 25.96/halyr). Furthermore,

other inputs (herbicides, pesticides, or fungicjdes rarely used for the three crops of interest.
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In fact, annual cost per hectare for maize, miled groundnuts have a median cost of
US$0/halyr (and associated average of US$1.89/HaB8 1.33/ha/yr and US$0.66/ha/yr, with
standard deviation of US$13.64/ha/yr, US$10.87 frartg US$3.58/ha/yr). These highly skewed
indicate that current farmer practices do not idelany seed costs because farmers rely on seed
from the previous harvest nor chemical or fertilizguts. Recent observations in Wa are
consistent with these assumptions (Koo 2007; Geaziaktrada et al. 2008). Data may be
skewed because a few farmers use a lot of inputsnbst use none at all.

Concerning the other practices, farmers leave msilue in the field after harvest until
the following planting season. While on the fieldgst residue decompose through livestock
action or microorganisms. At the beginning of tamy season, farmers cut the crop residue,
collect them and either burn them, use them as fieeetl them to their livestock, or use them as
building materials. Finally, roots and remainingidele are removed from the fields after
burning. Burning may contribute to soil fertilityut the potential for sequestering carbon
through crop residue is lost. After burning thedas from the previous growing season and
before planting seeds, farmers usually till themrd, often with hand-hoes. Koo (2007) reported
that only 4% of the fields were mechanically tilled

All these characteristics describe the baselineaste we will be refer to as current
farmer practices (FP) in this case study. The satedl yields over 20 years for these practices in
the DSSAT/Century model are the following: 1320 &Wbla/yr for maize, 643.75 kg/halyr for

millet, and 1373.30 kg/ha/yr for groundnuts (Ko®2}

Yields and carbon sequestration simulated
Yields associated with the management scenariasied in the next section were

simulated using the DSSAT/Century model (Koo 20&rnulations for 20 years were
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performed with soil samples taken from surveyedskbolds. DSSAT/Century simulations
operated under three main assumptions. Firstpitialifraction of Soil Organic Matter pool
(SOM1) was assumed to be 1% in all fields. Morepit@vas assumed to not influence the
overall SOM dynamic. Second, it was supposed treirtitial fraction of SOM (SOM3) was
equal in each field. Finally, we assumed that tlesent fraction of SOMS3 followed a decreasing
exponential evolution after implementing a managrpeactice.

The increase over the current farmer practice \ab=utated using the following formula

(Naab et al. 2008a):

((TRTy, — TRTyy) — (FB, — FPy))

(Equation 2) Change in SOC relative to FP (kgha™tyr) = -

wheren is the yeari is the management systeiiR T, is the amount of SOC for
management systenin yearn andFP, is the amount of SOC for FP in yearThe following
sections provide the results of the calculationeflach management practice. For comparison,
West and Post (2002) and Lal et al. (1999) estichttat conversion from conventional to

reduced tillage would increase carbon sequestraior20 kg/ha/yr.

No-till management (NTL scenario)
As previously noted, conservation practices mageiase soil carbon sequestration. No-

till is one method that has been frequently hiditkgl for its potential to sequester carbon into
soil. Hence, the first simulation scenario used tchnique.

The no-till management (NTL) scenario has beensasskto sequester an additional 152
kg/ha/yr (when considering a four year rotationhviito years of maize, one year of millet, and

one year of groundnuts). The simulated yields 827155 kg/ha/yr for maize, 766.15 kg/ha/yr

33



for millet and 1382.20 kg/ha/yr for groundnuts, 026 years. In our case study, in switching to
NTL, farmers would stop hand-hoeing their field$ Wwould continue relying on the previous
season’s seed stock.

This scenario assumed that farmers would not utiézer. One main advantage of no-
till is that it improves soil structure. Tilling B8 generally accelerates erosion, destroys soil
structure, and decomposes residue faster (Hus3lan and Ebelhar 1999; Reicosky 1997). In
our case study, farmers were assumed to remove2d@tyof the crops from their fields.

Ekboir, Boa and Dankyl (2001) report that no-g&ithniques require more pesticides per
hectare to fight weeds, plant diseases, and inedeasst pressure, all of which are frequently
observed when shifting to no-till, particularlydeveloping countries. Thus, these authors
estimate 3 liters per hectare per year additionahucal pesticides for no-till trials in Ghana
(including the northern savannah). That would ¢ashers an additional US$19.29/ha/yr.

However, shifting to no-till practices eliminatéeetlabor involved in hand-hoeing and
residue removal, reducing costs by 22% (Ekboir, &oé Dankyl 2001; Boahen et al. 2007).
According to recent trials in Wa, labor requirenseticreased by 20% in maize production
when switching to no-till (Yahaya 2011b.). In tlsisbsistence, small-scale farming region, we
can assume that farmers would hire less labor.

Finally, one main feature of no-till is that it kgges specific machinery to sow sesed
without tilling the fields. Ekboir (2001), Boaheha. (2007), and Yahaya (Savanna Agricultural
Research Institute, personal communication, Oct@b&d) note that this additional fixed cost is
difficult to estimate in Ghana. In Ghana, unlikb@tdeveloping countries like Pakistan, Brazil,
or India, no hand-operated planters have been oleeeél Boahen et al. (2007), however, report

that the FAO financed the development of jab-plemnter small-scale farmers at the Agricultural
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Engineering Department of the University of Scieand Technology at Kumasi. The price of
such a planter has been set at US$20. Local fanejested the planter because of its relatively

high cost. Thus, planting sticks and machetes nemhai planting tools used by farmers.

Fertilization based management (FRT scenario)
The second simulated scenario relies on fertiggglication available from the Ghanaian

government (government subsidies make NPK 15-1fet#izer US$0.54/kg according to
Ahwoi (2010)). Simulating such a scenario allowsdaassess how policy incentives affect
adoption conservation practices. Fertilizer mightplovided to farmers to encourage them to
switch to conservation practices.

This scenario still relies on hand-hoeing to apprately 20 cm deep and on removing
most residue for use as building material, livelstood, or fuel. Fertilizer applications were
assumed to be 40 kg/hal/yr on maize, 20 kg/ha/ynidlet, and null on groundnuts. Tennigkeit et
al. (2009) estimated the cost of additional lakdtsamore days/hal/yr at US$2/man day (Yahaya,
Savanna Agricultural Research Institute, persooairaunication, October 2011).

According Koo’s (2007) DSSAT/Century simulationsistscenario would increase
carbon sequestration by 18 kg/ha/yr, which is nsdéit low compared to the NTL scenario.
Nevertheless, average yields reached followingritethod would average 3664.65kg/ha/yr for
maize, 1027.30 kg/ha/yr for millet and 1373.30 kegyh for groundnuts, when simulating yields
over 20 years.

Finally, in this scenario, we assumed farmers waoldtinue using the previous season’s

seeds and would still not use any pesticides.
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Residue management practices (RSD scenario)
The slash-and-burn method has been criticized lsedadoes not return crop residue to

the soil and reduces the amount of soil organibararin the residue management practice
scenario (RSD), we wanted to assess residue-baseggament in soil carbon sequestration. In
this scenario, farmers till their soils as theyrently do but leave most (75%) of the crop residue
on the fields to be incorporated into the soil whigafields are tilled. This management practice
yield the following would lead to the following yas: 1438kg/ha/yr for maize, 840.80 kg/ha/yr
for millet and 1393.65 kg/ha/yr for groundnuts (K2@07). The DSSAT/Century model
estimated additional amounts of carbon sequestd#réd kg/ha/yr in this region (again, using a
four year rotation with two years of maize, onery&amillet and one year of groundnuts).

Furthermore, switching to this management pra@s=simed that farmers would
continue to use their own seeds, but no fertilaesiny other chemical inputs (as in the FP
scenario).

Runge-Metzer (1988) calculated the extra laborireduo incorporate crop residue into
soils in Ghana. Compared to the baseline FP saerthe RSD scenario would require 6 more
man days per hectare per year. With wages of 2@E#anday (Yahaya, Savanna Agricultural
Research Institute, personal communication, Oct@béd), that would represent an additional

cost of US$12/halyr.

Recommended management practices (RMP scenario)
The last management practice simulated in this stagly was defined by Lal (2004). It

is referred as recommended management practiagasolved a set of conservation practices,
including land preparation to residue managemehichwvould eventually lead to the most

carbon sequestered. Indeed, the simulation perfibbyd<oo (2007) suggests that this scenario
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would yield additional carbon sequestration of appnately 224 kg/ha/yr. Moreover, average
estimated crop yields over 20 years are: 3691.3&kg/ for maize, 1192.25kg/ha/yr for millet
and 1382.20kg/ha/yr for groundnuts.

In this simulation, farmers would use the same arhotiseed (and thus the same seed
costs). However, this scenario relies on usinglitest at the rate of 40kg/ha/yr for maize,
20kg/halyr for millet, and no fertilizer for groumgts. Additional labor cost was estimated by
Tennigkeit et al. (2009) at 15 more days/ha/yr 86Rfman day (Yahaya, Savanna Agricultural
Research Institute, personal communication, Octabad).

This scenario is based on using no-till, which ldaequire an additional 3 liters of
chemicals per hectare per year as explained iNThescenario. Finally, in using no-till, labor
requirements would decrease by 20%, as has beemtiyeobserved for maize production in Wa
(Yahaya, Savanna Agricultural Research Institueesg@nal communication, October 2011).

Table 2-2 below summarizes the five scenarios us#us case study, for which Koo

(2007) simulated yields and carbon sequestratitasra
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Table 2-2 Simulated management practices used fdné study (Koo, 2007)

Residue  Additional
Scenarios Tillage Fertilization removal carbon
for cereals sequestered
(legumes) (kg/halyr)
, . . 100%
Farmers’ Practices (FP) Hand-hoeing No (75%) 0
. . 25%
No-till (NTL) No-till No (25%) 152
Crop residue (RSD) Hand-hoeing No 25% 67
(25%)
o . 100%
Fertilization (FRT) No-till Yes (75%) 18
Recommended management, .. 25%
practices (RMP) No-til ves (25%) 224

Costs and revenues analysis

Costs and revenues must be included in any dedigiadopt technology. In our case
study, this is also true. Farmers would switch fithesir current practices to other agricultural
practices only they are profitable. Hence, we catetlia cost and revenue analysis for each
management practices. Each of the three differeptscof interest (maize, millet and
groundnuts) was evaluated for the five scenarigda@ixed previously: current farmer practices
(FP), no-till (NTL), fertilization (FRT), crop redue (RSD) and the recommended management
practices (RMP).

Moreover, to highlight the role of carbon paymemdl ancreased yields for alternative
systems, a marginal analysis could evaluate thghweif carbon payments and increased yields
in total increased revenue.

This analysis assumed four year rotations with&yef maize, one year of millet, and

one year of groundnut, i.e. the scenario for threetu farmers’ practices. The output prices of
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the crops were US$0.3848/kg for maize, US$0.57dkgrfillet and US$0.7033 for groundnuts
(value derived from the FAOSTAT database). Moreptrex carbon payment was set to
US$0.042/kg of carbon sequestered (equal to a pfi€ertified Emission Reduction at
US$11.60 ton of carbon dioxide equivalént)

However, this analysis considered averages vadsgecially for crop yields and carbon
sequestration rates under the different managepmaatices. Thus, it did not take into account
the time needed to reach expected yields changjngutural practices, which is crucial when
assessing the feasibility of conservation practitasners may not observe increased yields
immediately after implementing a new practice.

Even if such a cost/revenue analysis gave gooilimisight into the feasibility of
conservation practices, further analysis must ipoiate this transition period to reach maximum
productivity. Moreover, deriving the adoption rafesthe different scenarios would be of
interest. Finally, the analysis must evaluate tfaetices for different prices for carbon

sequestration.

Minimum Data model approach

Our first analysis used a fixed price of carbot/&8$0.042/kg of carbon sequestered.
However, markets are dynamic, so the price of qasavies; assessing profitability when prices
vary becomes necessary. Moreover, the cost/rev@ralaation may have no influence farmers’
attitudes toward adopting conservation practicésisT we need further analysis. Antle and
Valvidia (2006) introduced a spatially explicit pkgction model for evaluating ecosystem

services. This tool is particularly useful when egenot have a complete set of spatially explicit

! Where 1 ton of carbon dioxide equivalent=3.62dbgoil carbon sequestered
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and precise data that would allow conducting aipeegssessment, as someone might want to do
with the Tradeoff analysis software (Stoorvogeale2001).

For the SANREM project, assessing the ex-ante ceasen practices’ adoption to
brings policy a step closer to implementing a carpayment scheme. Tools that would give an
ex-anteassessment of farmers’ reactions to conservatiactipes have already been discussed.
The model developed by Antle and Valvidia (200&)viies results significantly close to those
provided by a full-data approach (Antle and Stogel@®008; Antle et al. 2010). Hence, itis a
useful precise assessment tool to provide a bathkesénvelope analysis.

For these reasons, the minimum data model fit ta of this study. The objective of
using this model is to provide ax-anteassessment of the scenarios previously discussed.
However, the logic of this approach must be exgldibefore the results are given.

We will first describe the model briefly and clgaidentify the data needed to run the
simulation. Then, the logic used to run the modekchrbon sequestration in Wa will be
explained. Finally, the logic behind the modelgetvill explain both the assessment and the
findings.

Theoretical simulation of adoption rates and estimion of ecosystem services supply

The starting point of the model is that farmers itanmaximize their economic well-
being. Thus, they make production decisions baseattvities’ expected returns. Thus, those
who need ecosystem services must provide incentviesmers to increase the supply of those
services. In the case of carbon sequestration, m@ens of ecosystem services would propose
carbon contracts to farmers. Farmers would theptackrtain conservation practices to get

payment for additional carbon sequestered whentedpalternative farming practices. This
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would be a win-win strategy (economic gains fonfars and environmental gains for
demanders of ecosystem services).

Let consider two competing systemandb in a particular region, with being a
baseline scenario afbeing an alternative production practice that tes additional
ecosystem service. Over time, farmers adopt managigpnactices that maximize the expected
discounted returns/) they can get from their land use over timé a function op, the output
price, ofs site index and of the kind of production systerplementedd or b). In our case
study,v (the net present value of each management praitio¢erest) is derived from the costs
and revenues of each simulated practices. Thusppmach is to model the average expected
returns over the relevant time period.

Furthermore, considering that each systammdb, may comprise different activities,
such as livestock, crop or fish production, we nkmstw how what production activities are
involved in each system. Therefore, we weight esatlvity in the system considered. In our
case, land allocation is not available from datzahbse the scenarios are simulated and not yet
observed. Thus, we based our analysis of four iggations with two years of maize (thus,
maize is 50% of the rotation), one year of mil%%o of the rotation), and one year of
groundnuts (25% of the rotation). This assumpti@y tme subject to sensitivity analysis. Thus,

the expected return for systerteithera orb) is:

n
. U(p, S'Z) = szivi(p; S,Z)
(Equation 3) =

wherew,; is the weight of activity in systene, andvi(p,s,z)is the net return of activity

in systene. p indexes the output price, aadhe site. With no payments to adopt an alternative
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systemb, farmers will adopt systeimonly if net returns are more than for the basetystema,

that is to say, if the difference in terms of refurns is negative. Hence, if:

(Equation 4) w(p,s) =v(p,s,a) —v(p,s,b) <0

Otherwise, farmers stay in production sysgmlow, let us assume that additional
ecosystem serviaeis produced at each sgavhenb is used. This ecosystem service prodces
units per hectare per time period considered. Réel systena has no rewarded ecosystem
service and that carbon contracts pay farmers @amlgx-ante additional carbon sequestered.
Thus, farmers would only get a payment for addalararbon sequestration over FP.

To derive the supply of ecosystem service produrcdide area, we can define a density
functiong(w) by ordering each land unit according to the vaepportunity costsv(p,s)

Thus, with no carbon payment, the proportion ofllanits under systeimis given by the spatial

distribution of the opportunity cost, i.e., by:

_ r(p)= [p(w)dw
(Equation 5) Lo

If we remember that is the expected amount of carbon sequesteree iretiion withH

hectares of cropland, the baseline supply of etesyservices per period is given by:

(Equation 6) S(p)=r(p*H*e
whereH*e is the total amount of carbon that can be seqrezsta the region. If no

payment is offered to farmerS(p)represents the baseline of ecosystem servicefatinagrs

would produce in the area.
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Now, let consider the case where an entity wouldra paymenps*e to an ecosystem
services provider (in our case, farmers that entercarbon contracts) proportional to the
additional amount of carbon sequestegell we introduce this payment into the opporturdbst

calculated in Equation 4, farmers will now shiftsigstemb if

(Equation 7) w(ps)-p.*e<0L - w(ps)/e<p,

That is to say, farmers will choose alternativeaydb if the opportunity cost per unit of
carbon sequestered is less than the price pamhfbon contracts. At that point, farmers face
three possible choices:

- Case 1: farmers adopt systbrhecause is it more profitable than sysgenihat is to

sayw(p,sx0;

- Case 2: systelinis more profitable thaa given the payment for ecosystem services

Pe. In that casey(p,sp0 butw(p,s)-p*e<0. Farmers switch tb because the payment
for ecosystem servigeis higher than the opportunity cost per unit aisstem
service.

- Case 3w(p,sP0 andw(p,s)-p*e>0. In this case, the payment for ecosystem service

Pe is less than the opportunity cost per unit of gstesm service. Hence, farmers will
remain in systera.

The production decisions described above can b tosgerive the supply of ecosystem
services and the adoption rates (cf. Figure 2-dfjnohg the spatial distribution of opportunity
cost per unit of ecosystem servicegw /e) = @(w/e). Thus, in case 1, the proportion of land

where farmers use systdémwithout any carbon payment is given by Equatiomie associated
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baseline supply of ecosystem service is thus doyeliquation 6, at the point whepg=w/e=0.
In case 2, the paymeps*e will increase the proportion of farmers switchiogpracticeb. Then,
Equation 4 changes and the additional proportidarad where farmers switch to systéris

given by

(Equation 8) r(p, p.) = Tgb(w)dw

Thus, the regional ecosystem service supply woald b

(Equation 9) S(p, p.) =S(p) +r(p,p) *H*e

As the paymentdincreases, the proportion of land in system b @gghes 1-r(p).

Finally, in case 3, the opportunity cost is higtiem the payment for ecosystem services, so
farmers will stay in systemm.

Figure 2-1 shows the probability density functi@saciated with the change in
production systems. The left hand-side of the fg@presents the spatial distribution of
opportunity cost under the assumption of normailtyrihuted returns. This distribution function
allows us to derive the supply of ecosystem sesvizethe right hand-side of the figure. One can
note that, as the proportion of land units thatdwio systenb approaches its maximum, the
supply of carbon sequestered tends to be a veasyahptote. This curve tends to the maximum

amount of carbon that can be sequestered in therage. tends tdi*e.
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The variance of opportunity costs must be estimedeterive the shape of the supply
curve. In fact, as the variance of opportunity éosteases, the supply curve rotates
counterclockwise and when the variance decredsesurve approaches a step function at the

valuew/ewhere the mass of the distribution lies.

Figure 2-1 Derivation of the supply of ecosystem saces from the spatial distribution of

opportunity cost per unit of ecosystem services
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Source: Reproduced from Antle and Valvidia (2006)

Assuming that switching from one production systeranother may change production
net returns, the opportunity costs can also incthdecost of capital needed to change from
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practicea to b (F). This cost may include the cost of machineryedgrm some special task
required by a production system. Moreover, transaaostsTC, which could include
participation in a government program for ecosyssenvices, can also be integrated into the
model to stimulate the participation of farmersha program. In such a situation, farmers would

join carbon contracts when

(Equation 10) v(p,s,b) +p.xe—F —TC > v(p,s,a)

Moreover, the time needed to reach maximum proditnust also be taken into
account. Antle and Valvidia (2009) added a feataréne model allowing growth in production
productivity over time. For instance, implementimatill practices may decrease yields at first
but may increase them over a longer time. Thu$am@nmg horizon where productivity reaches
its maximum must be set. This transition item isigieed to be exponential. It is modeled as
follows:

1—exp (—Gy *t)

(Equation 11) Vaie = 7 exp (—Gy; *T1)’

With 0 < ¥y < 1

whereGy; is the transition rate for activityfrom systena to systenb, T1is the horizon
where productivity reaches its maximum, ardyear of analysis in the planning horizon. This

gamma factor is then integrated into the outputly@ad then into the net returns calculation.

Minimum-data model parameters definition

To be consistent with the cost and revenue analysssame production costs, output
prices, and base value of carbon payments havedmgered into the model (assuming a four
year rotation with 2 years of maize, one year diatjiand one year of groundnuts). Our logic

when using the model differs somewhat from the ubanalysis. While other analyses estimate a
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single possible alternative system within a few@dtural zones, we evaluated several different
systems within the same region. Thus, the curemér practices FP characteristics provided
the parameters for the baseline scenario of theemdtien, four different regions were created,
each simulating a situation where an entity woultthpse that farmers enter carbon contracts
and thus implement precise management practicesfirsh region simulates the adoption rate if
carbon contracts were based on the NTL scenari®s€&bond simulates FRT, the third assesses
RSD, and the fourth evaluates RMP.

Furthermore, as previously explained, we used tmenmam data model to allow the
carbon payment to vary and thus allow us to daheeassociated adoption curve. Hence, the
opportunity cost analysis was conducted using @iffesets of carbon prices. Here, the model
allowed the base value of US$42.10/ton to changa H% to 200% of its value (i.e., up to
US$84.20). Furthermore, the depreciation rate fesg@nt value calculations was set to 12%, as
in Gonzalez-Estrada et al. (2008) study in Wa.

In the section describing the model, we saw thaméas’ decisions are based on the
spatial distribution of the difference in expectet returns. The variance of this difference

between net returns amandb is given by
(Equation 12) oi_, =02+ af — 204

Whereas yields data can be used to estimate ti@neas of each system with coefficient
of variation, the covariance between activities simes can be calculated from the available

data. Thus one can set the variance of activati@sdb equal to each other, which would be a

correct approximation, because each activity relrethe same crops under different
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management techniques. In this case, the expeatehee of opportunity costs can be estimated

by

(Equation 13) 05—p = 20°(1 = pap)

wherep is the correlation between returns from systeamd activityb, ando? is the
variance of systera or b. When the value approaches 1, the variance of the differéziogs to
zero. In the case of conservation practices timatadia higher carbon sequestration than
traditional practices, the correlation is likelylde high (Antle and Valvidia 2006; Uri, 2000). In
our case, the alternative systems have not yet tlesgrved but they have been simulated.
Moreover, alternative systerbavere modified from baseline current farmer pragi¢FP). The
closer the alternative system is to the basellreecloser the correlation will be to 1. However,
the less similar the system, the closer the cdroglas to zero. Consequently, this parameter was
set at 0.75, a value admitted as a likely possgbiBome sensitivity analysis changing this value
would be useful.

Similarly, a correlation parameter within-systero\pdes information about the
correlation between the returns of two activitieghim a system (e.g., between maize and millet
production under no-till). In our case, this coatgdn between activities (or within systems) is set
to 0.30. According to Antle (2011), these correlasi are usually small, and sensitivity analysis
does not cause any significant changes in thetseditius, he recommends setting up relatively
small values, when they cannot be estimated.

Besides the data allowing the net present valueslasion, a few other parameters must
be set up to fit the logic of this assessment. Viauate the net returns of management practices

including a carbon payment, we must set up a base for the ecosystem service for Equation
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6. In our case, this price is the average price@mbon sequestered to reward farmers for using
different management practices. Moreover, as pusliycexplained, such ecosystem service
programs can generate project based carbon creditier the Kyoto protocol, the Clean
Development Mechanism allows sellers in develogimgntries to commercialize Certified
Emission Reduction. According to Linacre, Kossog &mbrosi (2011), 8€ or US$11.50 (on
08/30/2011) would be a plausible price for a CexdifEmission Reduction. That amount stands

for a ton of carbon dioxide equivalent, which eguaE$42.10 per ton of carbon sequestered.

Minimum data application

The method detailed by Antle and Valvidia (2008jeseon secondary data to create
parameters for the spatial distribution of net meswof systems and to derive land allocation
decisions using the theoretical framework previgpesiplained. The model design allows
comparing mean expected returns of each regioedah activity of interest.

To evaluate the expected value for each competisigsv in Equation 1, data must
allow net returns to be calculated. In our casty deere gathered from both secondary sources
and from a recent precise survey in Wa.

Furthermore, as outlined by Antle and Valvidia (@))@Qve also need spatial variability of
these expected returns. When variability of netrret is not available, the coefficients of
variation CV of net returns can be estimated bycthefficient of variation of yields (Antle and

Capalbo 2001). Thus the CVs have been calculatéullaws:

o
(Equation 14) CV of net returns = CV of yields = —

wherem s the mean yield andlis the standard deviation of the yields. The tssade in
Table 2-3. However Antle and Valvidia (2006) addtttvhen estimating yields instead of using
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actual yields, simulated variances and varianaes figgregated data underestimate observed
field-level yield variability by a factor of 1.5 . Hence, as a rule of thumb, he recommends
increasing estimates of variability by a factotwb when using such simulated or aggregated
data.

Table 2-3 Coefficient of variation for crops underdifferent management practice$?

Management oV Adjusted CV
system (=2*CV)
Continuous maize FP 50.01 10002
NTL 43.3: 86.65
FRT 23.1% 46.34
RSD 36.11 7222
RMP 24.0¢ 4816
Continuous millet FP 46.5% 9306
NTL 35.8¢ 71.70
FRT 29.0¢ 58.19
RSD 31.2¢ 6256
RMP 27.2¢ 5457
Continuous groundnut FP 48.7¢ 9750
NTL 49.3¢ 98.77
FRT 48.7¢ 9750
RSD 49.1¢ 98.38
RMP 49.3¢ 98.77

"Where FP is current farmer practice; NTL is thetiiGcenario; FRT is the fertilization scenarioSB is the
residue scenario, and RMP is the recommended maneaggoractices according to Lal (2004).

2 Author calculations from Koo (2007) simulationgala
Software interface

The TOA MD software has been released in both S#&BExcel. This thesis used the
Excel interface. The model uses nine template sigtesets for setting parameters, coefficient of
variation, costs, productivity growth rates, yield&. Using these information, the software
creates templates to run the simulation and pragfigeres for both aggregated and non-

aggregated results. The user imports data to thplégdes and can run simulations and derive the
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adoption rates. The logic of the model and its apgi are in Figure 2-2 (Antle and Valvidia
2009).

Once we had an estimate of mean and variance dfiffieeence in expected returns
betweera andb, the model parameterizes the distribution of oppoty cost and uses Equation
5 for the baseline case (or Equation 8 if thei@ ¢arbon payment) to estimate the proportion of
land units in systerh, i.e., the participation of farmers in systenThe model then uses
Equation 6 for the baseline case (or Equationti9efe is a carbon payment) in order to derive
the supply curve given the proportion of land uyrtite production of ecosystem services, and the
total area of the region. This assumes normallyidiged returns, knowing that the difference
between these two normally distributed random Wdemis itself normal.

The model does this once for the baseline casevkR rfo payment for carbon
sequestration) and perform the same analysis fr keael of carbon price, for each
management practice. Hence, it derives the adopdit@s and the ecosystem supply curves for

each management practice.

51



Figure 2-2 Logic of the Tradeoff Analysis Minimum-Data software
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Chapter 3 - Results

Chapter organization

As a first indicator a cost and revenue analysis pexformed, giving the anticipated
benefits of each management practice vis-a-vibéseline. Thanks to these first calculations,
we can use the tradeoff analysis minimum data swéwo derive the adoption rates for each
practice. Thus, we could compare the profitabifligm the cost and revenue analysis to the one
from the minimum data approach. A first set of dations were run from a static standpoint,
i.e., without including productivity growth ratéa/hen we included the productivity transition,
the analysis yields dynamic adoption rate curvesally, other simulations were conducted to

evaluate the robustness of the approach to diffgr@mameters.

Costs and revenues analysis

The following table displays the costs and revesmaysis for each simulated
management practice, for the three crops of inteassuming a 4 year rotation with two years of
maize, one year of millet, and one year of groutsirive assumed prices for maize of
US$0.38/kg, millet of US$0.57/kg, and groundnut&)&$0.70/kg. A price of 0.042 US$ per kg
of carbon sequestered was used. The area surve®d 1 was 1186.68 ha. The analysis did not

include any fixed costs. The results are in Table 3
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Table 3-1 Cost and revenue analysis by crops for e simulated scenarid

Data in kg/ha and US$/ha FP NTL FRT RSD RMP
Crop yields

Maize 1320.50 1327.55 3664.65 1438.00 3691.35
Millet 643.75 766.15 1027.30 840.80 1192.25
Groundnuts 1373.30 1382.20 1373.30 1393.65 1382.20
Carbon (delta) 0.00 152.00 18.00 67.00 224.00
Total Revenue w/o carbon pmt 587.26 607.62 1092.93 641.52 1123.14
Total Revenue w carbon pmt 587.26 614.01 1093.69 644.34 1132.54
Carbon revenue 0.00 6.38 0.76 2.81 9.41
Revenues from yields improvements 20.36 505.67 54.26 535.88

Total variable cost per crop
Maize 115.01 109.00 166.54 127.01 160.53
Millet 122.25 114.65 163.01 134.25 155.41
Groundnuts 101.98 98.83 131.98 113.98 128.83
Total variable Cost 113.56 107.87 157.02 125.56 151.32
Total cost 113.56 107.87 157.02 125.56 151.32
Net benefits 473.70 506.14 936.67 518.77 981.22
Part of carbon revenue in net benefits 0.00% 1.26% 0.08% 0.54% 0.96%
Part of yield increasing in net benefits 4.02% 53.99% 10.46% 54.61%

"Where FP is current farmer practice; NTL is thetiiGcenario; FRT is the fertilization scenarioSR is the

residue scenario, and RMP is the recommended mareggractices according to Lal (2004).

Revenue reveals the expected yields for the switem alternative scenario. Remember

that these simulations were performed for a 20 geaod and that the expected yields would

probably not be immediately observed after impletingrthe practices. Scenarios based on

fertilizer use (i.e., FRT and RMP) led to the highiacrease in yields compared to current

farmer practices. On the other hand, both NTL a8®Rxhibit higher expected yields than

baseline practices.

Now, we can look at the simulated values for carbeguestration and at the additional

income from the carbon payment. Carbon revenuesdhfrgm US$0.76/hal/yr with the FRT

scenario up to more than US$9.41/ha/yr for the RIghario. This is consistent with previous




estimates of US$1 to US$15/ha/yr (Zivin and Lipp@08). Tennigkeit et al. (2009) in Kenya
estimates values ranging from US$1.15 for an atéra scenario with no external inputs to
USS$8.65/ha/yr when using improved seeds andifersl (and to US$27.40 for agroforestry
management). Furthermore, these additional revesmedess than additional revenues due to
yield improvements. This revenue ranged from arnitiadl US$20.36/ha/yr for the RSD
scenario to US$535.88/ha/yr to the RMP scenarioal found that whereas the FRT option
yields the second most revenue, what comes fromat®n payment is small. A closer look
highlights that the FRT scenario increases yielgisificantly but relatively little carbon
sequestration.

Considering the costs associated with each sindilatenagement practice, total benefits
ranged from US$473.70/halyr for current farmer ficas up to US$981.22/ha/yr for RMP.

In these simulations, the carbon payment as pddtalf benefits is small. It ranges from
0.08% for FRT up to 1.26% for NTL. Yields increasenet benefits from 4.02% for NTL to
53.99% for the RMP scenatrio.

To look at the marginal costs and revenues undfereint simulated scenarios, a costs
and revenue analysis was conducted. The resultisplayed in Appendix A. They showed that
improvements in total revenue for the simulatedtficas range from an additional
US$20.36/halyr for no-till (NTL) to an additionalS$545.29/ha/yr for the recommended
management practices (RMP).

Including the marginal costs for each managemeattige increases net revenues from
an additional US$25.79/ha/yr for RSD to US$526 @1RMP. NTL would bring additional

revenues of US$32.44/halyr, and FRT would add U3$38sha/yr.
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These findings agree with other studies (Tennigiie#tl. 2009) in Kenya that show a net
loss of US$10 with no external input (equivalenNfblL) to a net increase of US$309/ha/yr with
improved seeds and fertilizer.

Even compared to similar studies, the values lagjremic perspective. A more detailed
analysis would take into account the transitionqueto reach maximum productivity with
alternative practices. Moreover, the analysis dilestimate farmers’ opportunity costs to switch
to alternative practices. Finally, the analysis md show changes in the price of carbon

contracts.

Simulation of carbon contracts with the minimum dat software

To assess the four different scenario studied,imalated four different regions of
1186.68 ha each. This corresponds to the areayadwaost recently in 2010.

The goal of the following analysis was to assesstifoption rate in the region if carbon
contracts relied on these four management pracfidess, we assumed that in region 1, farmers
implement NTL, that in region 2, they implement FERfAat in region 3, they implement RSD,
and that in region 4, they implement RMP. This gsialallowed us to compare the profitability

of the simulated scenarios.

Static analysis
Adoption rate estimation
The first analysis was a static analysis, not gkiio account the productivity transition
feature of the model, for the four management prast Thus, we calculated farmers’
opportunity costs to adopt the scenarios with diifie values of carbon payment. The

participation rates were derived according to Eigna® comparing each management practice
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with the current farmer practices associating asdgfunction. Management practices adoption
curves were compiled on a single graph. The resiiliisis first analysis are displayed below.

Figure 3-1 Adoption rate estimate in static analys
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Figure 3-1 shows farmers’ participation in carbontcacts with the four different
management practices. Implementing carbon contvemitd be linked to the need for farmers to
comply with one or another of the management prestdescribed in the methodology section.
These might include using fertilizer, ending thagtice of hand-hoeing or removing crop
residue. With current practices, farmers rarelyfestlizers, and they do hand-hoe their fields.

In comparing carbon contract adoption rates, wectearly see two groups of practices
with similar results. In fact, NTL and RSD showepaaticipation rate of approximately 55%.

On the other hand, practices FRT and RMP showqiaation rates over 95%, even when no

carbon payments were made, i.e. whgr0. That means that the opportunity costs for tliese
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practices were all negative and that the alteregihactices had higher returns than the current
practices.

Moreover, this difference between FRT and NTL mayriterpreted as follows. FRT and
RMP systems are based on fertilization. In curpeattices FP, fertilizer use among farmers
equals zero. Management practices based on fert{lioth FRT and RMP) use led to a large
increase in yields in the DSSAT/Century model outptaus, farmers have more revenue
because of higher yields, which would make themenwgHling to enter carbon contracts to gain
access to fertilizer because they know this inglitimprove crop production and their revenue.

Furthermore, simulated curves were not sensitivafterent levels of carbon prices,
especially for the FRT and RMP scenarios, whichmtlat the carbon paymemivould not be
sufficient to push farmers to adopt alternativecpcas. This result is consistent with the costs
and revenue analyses where carbon revenues repoedga small part of additional net
revenues. However, revenues due to an increaselds yould be higher. The proportion of
carbon payments in total additional benefits waeeislly small for FRT and RMP practices.
For NTL and RSD scenarios, the numbers were slighgjher. That explains the relative higher
elasticity of NTL and RSD curves compared to thd EiRd RMP curves.

Concerning NTL and RSD, improved yields and carbeguestration rates might not be
enough to convince farmers to switch to them. Hawgethese practices are relatively cheap to
implement. The main additional cost would probdi#ythe learning costs. Thus, in terms of
both labor and associated costs, they providerafgafarmers, as shown in the previous
costs/revenues analysis. Moreover, even though &§TLRSD adoption rates are much lower
than RMP and FRT, the curves obtained demonstratertore than half of surveyed farmers

would willingly shift to these practices.

58



These observations highlight the important roléedilizer use for farmers. In fact, the
analysis showed that most farmers would be wiltmgnter into carbon contracts to gain access
to fertilizers. To conclude, the simulated adoptiates are high, with the lowest predicting that
more than 50% of farmers would switch to no-till.

Why do farmers not currently use these practicesrvihey appear to provide higher
returns than their current practices? While a waé constraints, such as lack of fertilizer or
cash, could explain this, recall that the statialgsis does not include a dynamic perspective.
That is to say, a static analysis does not takeantount the period necessary to reach maximum
productivity. Adoption curves may exhibit differeiménds when the same analysis includes a
maximum productivity transition period. We did dusttype of analysis, and the results are

included later in this thesis.

Changein ecosystem service
The minimum data software can explore the impadhiféérent levels of payments on the

production per ecosystem service, i.e., on theatasequestration rate into soils per hectare. The
software used Equation 9 to derive the ecosysteplgwf carbon sequestrated and repeated the

analysis with different prices for carbon. The tesabtained are in Figure 3-2.
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Figure 3-2 Change in ecosystem service in static a@gsis
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RMP sequesters more carbon per hectare than the dtiractices, and recommended
management should be more efficient agronomiclby 2004). If carbon contracts are
introduced in Wa, RMP would be the most effectimedequestering carbon in soil. The
simulation also showed that the curves derived filmase changes are very inelastic and did not
change as carbon prices increase, a direct consegjoéthe inelasticity of adoption rates noted
in the previous section. Whether the price increaselecreases, farmers would change their
production decisions slightly as they choose tereoarbon contracts. Thus, relatively the same
inelastic amount of carbon would be sequesteretheaare.

Adoption rates in Figure 3-1can be compared intlajtlthe information in Figure 3-2.

Whereas the participation rates simulated for FRJukl be very high, its ecosystem service
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remained relatively low, sequestering less thad s of carbon per hectare, whatever the
price of carbon was. Moreover, no-till was secamégdosystem services per hectare but came
last in adoption rate. These observations are stamgiwith the DSSAT/Century model data on
carbon sequestration. This shows that scenarivségaiester the most carbon do not necessarily

exhibit the highest adoption rate.

Changein income per hectare

The minimum data model used for the analysis cateslthe net return for each scenario.
It can also analyze the impact of different levigbayments for ecosystem services on changes
in income per hectare. The results displayed inféi@-3 show the additional income provided
when switching from current practices to anothenaggment practice.

Figure 3-3 Change in income per hectare in staticrelysis
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This change allows us to groups the four practicgstwo. The first one includes NTL
and RSD. The second comprises FRT and RMP.

The main feature of this graph is that every sdenaovides additional income to
farmers over their current practices. That meaasimulated practices are more profitable. The
two groups (FRT and RMP as opposed to RSD and Nfhbyved a large gap in income. This
could be explained either by an increase in cademuestration (and thus in carbon payment) or
an increase in yields (and thus in additional reesi.

When we look at these curves, they appear to bastievis-a-vis the carbon price PES.
That is to say, when carbon payments increasé,itatame did not increase much. Thus, the
carbon payment had relatively little effect on im@mper hectare. This feature is confirmed in the
first cost and revenue analysis that showed hale tarbon payment affected net benefits.
Hence, differences in income change may be mos#\tad the increase yields and the
subsequent increase in revenue.

In fact, the increase in yields is substantial wiettching to fertilization practices (FRT
and RMP), but yield increases for other simulatextfices management practice are not so high.
We observed in Table 3-2 that maize production undeaent practices yields 1320.5kg/ha. This
yield increases slightly to 1327.55kg/ha underit@d still more, to 3691.35kg/ha, when
implementing RMP. Hence, income grows much moreeuRMP. This is consistent with our

findings from costs and revenue calculations.

Static analysis summary
This first analysis gave an idea about the potkafiaach management practice to

increase income and to sequester carbon in sollelss the likelihood that new practices will

be adopted by farmers. Both FRT and RMP would teasubstantial increase in income per
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hectare. However, only RMP produced significantsgstem services, whereas FRT led to the
least carbon sequestration. Thanks to the yieldeasing, however, these two scenarios should
see a high adoption rate (more than 95%). On ther dtand, the other two scenarios (RSD and
NTL) showed less increase in income per hectamre P and FRT do. However, they seem to
sequester more carbon in soil. Both the simulatecease in yields and the ecosystem services
production should lead to adoption rates of moaa th0%, confirming that these conservation
practices provide positive opportunity costs tarfars who switch from their current practices to
one of these scenarios.

The above analyses are static, i.e., consideriigsimulated yields would be obtained
directly when switching from FP to an alternatiystem. Although this analysis confirmed the
findings of the costs/ revenues analyses, theteesdre not realistic. We had to consider the

productivity transition period necessary to reachaximum productivity.

Productivity transition period

Use of the maximum productivity transition feature of the minimum data model
An analysis to integrate changes in productivitgrovme would show, particularly for

conservation practices, increases in yields whasinot be expected immediately when
switching agronomic practices. Using a planningzanT1 over which maximum productivity

is attained, the model can integrate this transiieriod into the assessment (see Equation 11).
Our analysis assumed that maximum productivity rgashed after ten years. This period lies
within a feasible range given the results repontetthe literature. Lal (2004) considers 5 to 20
years as a reasonable period. In our case, Exicell@®d yields equations to estimate

logarithmic growth rates. Recall that the modeliasss productivity follows an exponential
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trend with a logarithmic form transition path. Ysldata have been taken from the
DSSAT/Century model output. These values, along thié associated R2 are in Table 3-2.

Table 3-2 Logarithmic growth rates and associated Rfrom DSSAT/Century simulated
yields

Management  Logarithmic Associated R2

system growth rate

Continuous maize FP -0.08¢ 0.536
NTL -0.07¢ 0.486
FRT 0.021 0.078
RSD -0.05¢ 0.409
RMP 0.02:2 0.083

Continuous millet FP -0.04: 0.533
NTL -0.02: 0.205
FRT -0.0¢ 0.392
RSD 0.00( 0.000
RMP -0.06¢ 0.621

Continuous groundnut FP 0.077 0.294
NTL 0.077 0.296
FRT 0.077 0.287
RSD 0.077 0.294
RMP 0.077 0.296

"Where FP is current farmer practice; NTL is thetiiGcenario; FRT is the fertilization scenarioSB is the

residue scenario, and RMP is the recommended mareageractices according to Lal (2004).

Most R2 values were insignificant, with two thirfitbe values below 0.50, which may
mean that the exponential form was not a gooafiyields and returns evolution through time,
given the simulated management practices and terggions made when simulating yields
with the DSSAT/Century models.

To have a better idea about the growth rate fon eaap and its significance, each

management practice was projected with growthaateassociated R2 in Figure 3-4. Thus, the
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higher on the vertical axis, the closer the exptiakgrowth estimate. Moreover, as points move
toward the right side of the graph, the productigitowth increases.

Figure 3-4 Logarithmic growth rate in yield and as®ciated R? for each crop and
management practice of interest
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The maize graph shows logarithmic estimations asasonably accurate trend for NTL,
RSD, and FP. These three scenarios exhibit a meggtbwth rate. RMP and FRT scenarios
have a positive growth rate. However, their R2asnMow.

The graph for millet shows negative logarithmicwgtio rates for each scenario. Only
RMP and FP have an R2 above 0.50. The graph fangdrut yields shows a positive
logarithmic growth rate with an R2 significanceapproximately 0.30.

These graphs provide a snapshot of the significahdéferent crop logarithmic growth
rates for each management practice. The global isethat the growth rate tends to be negative
for millet and maize with a relatively high R?; tgewth rate is positive for some practices (FRT
and RMP for maize) but with low significance. Thagarithmic growth rate is positive for
groundnuts, but it has a relatively low R2.

If we look at yield trends over 10 years, this nagense. Figure 3-5 displays the trend in
yields for each of the five practices and for eap. These curves do not seem to follow

exponential trends, with the evolution appearingganore linear than exponential. That
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probably explains the negative values we foundHergrowth rate and the insignificant

associated R2

Figure 3-5 Trend of yields simulated for the threecrops, over 10 years
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Adoption rate estimation
If we plug in the productivity growth rate, as adbtted in the previous section, we have a

dynamic analysis of opportunity costs and can @etlie associated participation rate curves.

The discount rate for net present values calculdias been set to 12%.
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Figure 3-6 Adoption rate estimation in dynamic ana}sis
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Comparing both the static and the dynamic outpuégpeared that adoption rates were
lower when the time necessary to reach maximumyatodty was taken into account, which
made sense because we no longer assumed thatezkgisitls would be observed immediately
when switching to alternative system.

Two groups of management practices occurred ing@fnadoption: the ones based on
fertilizer application (FRT and RMP) that lead be thighest simulated adoption rate and ones
not based on fertilizer use (RSD and FRT). Both ERd@ RMP adoption rates decreased by
about 35% once the productivity effect included.t®amother hand, RSD simulated adoption
rate decreased by about 5%. Finally, the NTL s¢emid not change significantly.

This drop in adopting fertilization based practioaght be caused by the period

necessary for fertilizer to have its highest effattyields. The static model could not capture
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that period, and so led to much higher simulatexptidn rates. However, FRT and RMP still
showed the highest participation rates.

Moreover, these curves were slightly more elastntthe earlier ones, which may mean
that, when we include the productivity transitiaripd, carbon revenue represents a bigger part
of the net benefits than in the static analysisefQwne, then, adoption rate were more and more
linked with carbon price variation. This finding kes perfect sense because carbon
sequestration is supposed to increase over thetéonyg

Furthermore, fertilizer becomes even more impondrgn estimating carbon contracts,
as does having accurate yield simulations. Althaihghcarbon payment represents less of the
increase in revenue when switching to alternatprestices, actual yield must be close to

simulated yield to achieve these adoption rates.

Changein income per hectare

In addition, we wanted to examine the evolutiorlminges in income per hectare in the

dynamic analysis (see Figure 3-7).
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Figure 3-7 Change in income per hectare in dynamianalysis
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In Figure 3-7, we included the productivity trarit period in the model, and the curves
became more elastic. That is to say, the highepdlyenent per unit of carbon sequestered, the
higher the change in income per hectare. Whereastétic analysis reflected the importance of
yield to additional income, these curves showed theer time, carbon revenues contributed
proportionately more to increases in income becabifiee relative elasticity of the adoption rate
curves. In fact, the changes in income with indrepprice per unit of carbon sequestered means
more farmers would be willing to adopt alternagpreduction systems if carbon prices increase.

Moreover, while the FRT practice produced the leassystem service, due to the
increase in yields, this practice was second aniR¥P in changes in income per hectare. Thus,
even if this practice does not sequester a sigmfiamount of carbon, the increase in yields

provided more income per hectare, which may exglarhigh adoption rate observed in the
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dynamic analysis (FRT is the second highest ingesfisimulated participation in carbon

contracts).

Finally, while the static analysis showed more g®ato income per hectare for RMP and

FRT, these changes were much smaller when we attetre transition productivity period.
This validated the hypothesis that the gap obseirvéite static analysis was due to the time
needed to reach maximum productivity. However vilbility of these results was probably

affected by the non-exponential trend of yields drarelatively low R2.

Change in ecosystem service provided
Going a step further, the environmental impactuaihsa dynamic analysis should

examine the change in ecosystem services per baghan integrating this productivity
transition period into the analysis (cf. Figure)3-8

Figure 3-8 Change in ecosystem service per hectaredynamic analysis
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If we look at the differences in carbon sequesiragier hectare, the RMP scenario again
leads among the different practices, with abou4 @oh sequestered per hectare without any
payment, a lower number than the one in the séatatysis. This emphasizes that carbon
sequestration is not immediate; it is a processabeurs over time.

Furthermore, we can see a slight increase in elgstespecially for RMP. This may
mean that, over time, and with increasing pricesasbon, soil carbon sequestration may
increase and as income increases when the paynoeeases, farmers should choose an

alternative practice. This would lead to increasedl carbon sequestered per hectare.

Dynamic analysis summary
When we included a transition period to reach aimar yield, simulated participation

decreases, and income per hectare increased hesse Tindings reflected a long term
characteristic of both switching to a different gwation system, and sequestering soil carbon.
When comparing the different scenarios, RMP appkarare likely to be adopted, thanks to its
high change in income per hectare. It also prodticednost ecosystem services (carbon
sequestered) per hectare.

However, the no-till scenario yielded relativelghiecosystem service and an elastic
change in income per hectare. This scenario shHmilEbopted by more than 50% of farmers.
The RSD scenario and FRT produce the least ecosyssrvices. However, thanks to an
associated increase in yields, the fertilizatiomctice yielded a relative high change in income
per hectare, and an adoption rate of about 60%owitbarbon payment. Finally, RSD should
attract more than half of farmers to switch to gystem.

This additional analysis provided more insight iattong term perspective on carbon

payment and increasing yields. However, the sirmmariatwere based on a four year rotations
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with 2 years of maize, one year of millet, and gear of groundnuts. Even if this allocation
reflects the current allocation of land, differendp rotations may provide different participation

rates.

Sensitivity analysis with different crop rotations

The analysis was first launched assuming a four iggation with two years of maize,
one year of millet, and one year of groundnutstThto say, weights of crops were set at 50%,
25%, and 25% for maize, millet, and groundnuts. ey, if we relax this assumption and test

different rotations, we may find another crop natatwould lead to a higher adoption rate.

Cropping system based on maize

In the basic analysis, using current farmer prastigve previously assumed a four year
rotation for the different management practicesweler, the alternative practices are not yet
implemented, so simulating different crop land ediitons might be useful. Using sensitivity
analysis, we may find the optimal land allocatieading to a higher participation rate in carbon
contracts.

We explored the possibility of a three year rotatiased on two years of maize and one
year of groundnuts and millet. Then, we assumeaghéirmuous maize system in the region. As
shown in Figure 3-9, the aggregated value for aademuestration would be the following:

- for the shorter rotation: NTL would sequester d#ta/yr; FRT would sequester
24.8kg/halyr; RSD 59kg/halyr; and RMP 218kg/halyr.

- for continuous maize: NTL would sequester 136&h/h FRT 31.8kg/ha/yr; RSD

52.7kg/halyr; and RMP 212.8kg/ha/yr.

Finally, the adoption rate goes from 15 to 75%.
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Figure 3-9 Adoption rate with different weights for maize production
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In Figure 3-9, we see the recommended managemactiqas based on a four year

rotation still should lead to the highest adoptiate at 65%. This rate increases to 70% with a
PES at 80US$/ton. Then, the FRT baseline rotationiges a 60% adoption rate. Third, with an
adoption rate of 55% with no payment, is basedroRMsIP scenario with a shorter rotation.

As more maize is added to the rotations, the sitedlparticipation rate becomes smaller,

indicating the opportunity cost of switching fromreent FP to an alternative system decreases
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when the proportion of maize increases. Diverdificaof production systems appeared to be

more profitable for farmers.

Cropping system based on millet

A similar approach simulated an increase of médl@eage. We explored the possibility
of intensive millet production, assuming a four ryedation with two years of millet and two
years of maize and millet. We then assumed a treaemillet rotation with one year in maize
and groundnuts. Finally, we experimented with cartus millet. In each case (see Figure 3-10),
the aggregated value for carbon sequestration wmittie following:

- For the rotation of 2 years of millet followed maize and millet: NTL would sequester
166kh/ha/yr; FRT 11.6kg/hal/yr; RSD 80.5kg/ha/yml &MP 251kg/halyr.

- For the three years of millet followed by mairelgroundnuts: NTL would sequester
178kh/halyr; FRT 9.42kg/halyr; RSD 93kg/halyr; &P 286kg/ha/yr.

- Finally, for continuous millet: NTL would sequestl90kh/ha/yr; FRT 7kg/hal/yr; RSD

105kg/halyr; and RMP 322kg/halyr.

Finally, please note that the adoption rate scaésdgrom 15 to 75%.

74



Figure 3-10 Adoption rate with different weights fa millet production
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In the curves obtained for this simulation, we saa that scenarios using RMP for one

year, two years, and three years of millet wouddil® the highest adoption rate, approximately

65% with no carbon payment and up to 70% with Aaapayment at US$80 per ton of carbon.

FRT in the baseline rotation is second. FinallyTHRsed on 2 years of millet shows a simulated
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adoption higher than 55% without any carbon paymBm two others scenarios (RSD and
NTL) showed the highest simulated adoption raté witllet in the baseline rotation.

Moreover, as for the maize analysis, the more tritl¢he rotation, the lower the
predicted participation rate. Again, diversificatiof production systems seemed to work better

for farmers.

Cropping system based on groundnuts

A similar approach considered an increase in groutwdin the crop rotation. We
explored the possibility of increasing groundnuat$he rotation, assuming that groundnuts are
grown for two years in a four year rotation scheand that farmers would grow maize and
millet the other two years. Then we explored aghrear groundnut rotation and continuous
groundnut (see Figure 3-11). In each case, theeggtgd value for carbon sequestration would
be the following:

- For the 2 year case: NTL would sequester 155kwhBRT 9kg/hal/yr; RSD
69kg/halyr; and RMP 207kg/halyr.

- For the 3 year case: NTL would sequester 151KwhBRT 4.9kg/hal/yr; RSD
64kg/halyr; and RMP 176kg/halyr.

- Finally, for continuous groundnuts: NTL would segter 146kh/ha/yr; FRT Okg/halyr;

RSD 59kg/ha/yr; and RMP 146kg/halyr.

Finally, please notice that the adoption rate sgaks from 15 to 75%.
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Figure 3-11 Adoption rate with a groundnut based poduction system

Baseline rotation

2 years groundnuts

Adoption Rate (%)

100 90
30 80 f
T »
£ —~ 60
2 :
i 40 é 50
20 9 40
& 30
0 4 20
15 25 35 45 55 65 75
Adoption Rate 10
—B— NTL (No-till based practice) 0 N
—— FRT (Fertilization based practice) 15 25 35 45 55 65 75
RSD (Residue based practice) Adoption Rate (%)
—>— RMP (Recommended Management Practice)
3 years groundnuts Continuous groundnuts
90 90
LA
80 i< 80 |
70 < 70 'I‘
= 60 - — 60 ‘l‘
£ 50 bl £ 50 ’I‘
v v
o 40 ol o 40 41 \
w w
& 30 K & 30 ’I‘
20 K 20 «1‘
10 K 10 T‘
0 < 0 A
15 25 35 45 55 65 75 15 25 35 45 55 65 75

Adoption Rate (%)

In these cases, the adoption rate lied betweem®5 %%, representing the highest

estimated adoption rate in these sensitivity amgly€ompared to the baseline rotation, an

increasing proportion of groundnuts in the cro@tion seemed to correlate with an increase in

participation rate, even when considering NTL af8DRnanagement practices. This was very
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different from the two other cases using maize ikt possibly because of high prices for

groundnuts compared to maize and millet.

Main findings when varying rotations

When analyzing these trends, we could concludeféinaters and those needing
ecosystem services should design carbon contrastdlon increasing the proportion of
groundnuts. However, our analysis highlighted #latively low impact of carbon payment on
the benefits of switching to alternative systemsrébver, the differences in simulated
participation may be linked to the higher pricesdgooundnuts than other crops. Third, when
estimating the variance of net returns, we useddhn@nce of yields as a proxy. A closer look at
Table 2-3 reveals that groundnut production hadadively high coefficient of variations for
every management practice simulated. Moreover, lated yields for groundnuts production did
not change much from one management practice tinan(f. Table 3-1) and the growth rates
had a weak R2.

Finally, this study assumed that carbon contractigyation rates do not face any
transaction or fixed costs. Because some of thesgiges rely on using inputs and on special
machinery and because there might be additionatilggcosts, this assumption is probably not
true. In the next section, we test the robustnéfiseEomodel with different levels of additional

costs.

Sensitivity analysis with additional costs

Adoption costs may mount considerably when simgptiarbon contracts participation
rates. In fact, setting up carbon contracts wslumse an entity to monitor compliance. With the

assumptions for concerning use of inputs for egegnario, verifying farmer compliance with
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the adopted system is also essential. Failing pgeément a low-cost monitoring system may
lead to defaults on carbon contracts (Antle ana@iStmel 2008).

However, adoption costs, especially in ex-anteasibas, are difficult to evaluate. We
submitted the initial simulation to sensitivity &ss with different transaction costs. The first
assumed relatively low transaction costs, about2&$ hectare (a 2% increase in costs for the
NTL scenario) while the second simulated highandeation costs of US$10 per hectare (a 10%
increase in costs for the NTL scenario). Antle &btabrvogel (2008) considered this range as
possible values in Senegal. Our results are disgdlay Figure 3-12. The adoption rate scale

varies from 50 to 100%.
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Figure 3-12 Adoption rate sensitivity analysis withdifferent level of transaction costs
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The impact of transaction costs for the four mansay@ practices was quite low. When

we introduced a transaction cost of US$2/ha, tégization rate decreased slightly. Moreover,
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even when we tested a US$10/ha transaction cessjrtulated adoption rates decreased less
than 5% for the management practices.

The fertilization based scenarios (FRT/RMP) difteséightly, exhibiting a small
decrease in adoption rates over the two other sosn@&@SD and NTL). Fertilization based
practices may be profitable enough to offset thgatiee impact of transaction costs. Moreover,
even additional costs are higher for RSD and NTbsé practices seem to be profitable enough
for 50% of farmers to participate in carbon cortsa€or those four conservation agriculture
production systems, the simulated yields and cadeguestration amounts seems to be high

enough to offset transaction costs, even if thas¢scare substantial.

Sensitivity analysis with between system correlatiocoefficients
The correlation between returns in activities withysterma and systenb was set to 0.3,
and the correlation between retupnis systems andb was set to 0.75 in Equation 13. Here, we
found a correlation between returns in systeamd systenb of 0.6, 0.85, and 0.95. The

adoption rate scale goes from 50 to 100%. Thesdtsemre shown in Figure 3-13.
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Figure 3-13 Sensitivity analysis with different valie of between system correlation
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As the correlation between returns in systems asgs, the simulated adoption rate

increases as well. RMP saw the biggest increa$é:\ibenp=0.95 compared to the baseline

wherep=0.75. Moreover, adoption rate for the fertilizatioased scenario increased by 10%

whenp =0.95 compared to the baseline. The higher theeledion of returns between the

systems, the higher the estimated adoption rates.
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This assumption makes perfect sense. When farmeessiied to switch to a system that
would provide returns very close to what they alsehave, they are willing to enter carbon
contracts. That is to say, if the returns of therahtive system correlate closely to current
practices, farmers are more likely to switch. Thggbr difference observed for FRT and RMP

proves farmers are willing to enter these typesowitracts to access fertilizers.

Sensitivity analysis with within system correlationcoefficients

As explained previously, the correlation betwednrres in activities within systemand
systemb was set to 0.3. Here, we sought a correlationiwittturns @ in systera and systenb
of 0.1, 0.5, and 0.9. The adoption rate scale fjoes 50 to 100%. These results are shown in

Figure 3-14.

83



Figure 3-14 Sensitivity analysis with different valies of correlation within activities @
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When returns within activities decreased, we didaiserve any substantial evolution in
adoption rates. On the other hand, when we incdethgecorrelation between activities, we did
see a slight decrease in simulated participatitasra

Considering that either increasing or decreasirgwithin system correlation did not
cause any significant change on adoption rate,desreeem willing to enter carbon contracts,
without regard for the activities correlation. Fagt research may want to focus on crop

diversification strategies.
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Chapter 4 - Recommendations and perspective

Case study findings

This study evaluated the economics of carbon sé@ies within Wa, Ghana. It used
model processing data from both secondary sourcgfram a recent survey and assessed the
economic feasibility of conservation systems ingtgca payment for carbon sequestration. It
derived how many farmers would participate in carbontracts from opportunity costs
calculations. We compared different crop rotationder conservation practices. The analysis
showed high adoption rates. These scenarios agpeabe profitable enough for farmers to call
for a change in production systems, highlighting plotential for conservation agriculture
practices.

The expected increase in revenues was mainly dinepi@ved yields. The proportion of
carbon payment to total benefit appeared to belsewedn if carbon prices reached substantial
levels. High adoption rates were not affected kgitawhal costs, either fixed or adjustment costs.
Another simulation showed the economic potentiahofeasing the proportion of groundnuts in
crop rotations.

Why do farmers not currently implement these pcast? One possible hypothesis is that
they face barriers in implementing scenario prastisuch as using fertilizers of switching to no-
till. Costs may also dissuade farmers from buyemngjlizers, even if they are subsidized by the
government. No-till practices require additionakfil costs that keep farmers from adopting no-
till. In particular, no-till requires farmers todem how to farm effectively with new equipment

and how to reorganize their production systems.clelearning costs may place no-till practices
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out of range of farmers in Wa. Last, farmers viewrcropping systems as inherently risky. This

may explain the current low adoption of conservapoactices.

Policy implications

Carbon payments do not represent a strong enogghtime for farmers to change their
farming practices. In fact, the simulated scenastumved higher returns mainly because of the
consequent increase in yields. Policies shouldgenore on incentives to develop conservation
practices, not payments for carbon sequestratiemeNheless, carbon payments may represent
an additional economic incentive for farmers togdmnservation agriculture production
systems. If carbon payments partly cover additieoats linked with the switch in practices,
farmers may be more likely to adopt new practices.

Thus, carbon contracts may need to provide inpatswould decrease the relative costs
that farmers face when switching to conservatistesys. Fertilizer, herbicides, pesticides or
improved seeds could be provided free to farmersdace this cost barrier. Considering the
changing climate paradigm, providing drought taktiseeds would be an additional incentive
for farmers to switch to conservation practicedumng the barriers they face.

The scenarios that are relatively easy to implementid not depend on fertilizers; NTL
and RSD would fall into that category. Moreovecem work shows that Ghana lacks
appropriate machinery to implement no-till practicBmall-scale farmers need adapted tools at
affordable prices according to Boahen et al. (200@)develop such machinery, policies should
focus on creating affordable no-till planters atiokeo basic agricultural tools, as it has been done

in other developing countries like Pakistan, Indiag Brazil (Ekboir 2001).
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Limitations of the study

The results of this study rely on fertilizer pricaghsidized by government. However,
fertilizer costs and availability are long-termuss in Africa, the market for such inputs being
very marginal.

This case study is based on ex-ante estimationoalugtion costs and revenues. The
analysis relies on sometimes estimated informatimhon an ex-ante situation. For example, we
assessed no-till management practices considetadgpa savings of 20%. The accuracy of the
data is important when estimating ex-ante the exonprofitability of carbon sequestration.
Costs such as conservation practices learning ¢bstaigh workshops or training sessions),
information costs within farm communities, or praygeights issues are difficult to estimate ex-
ante. Institutional costs must also be considaveohplement and monitor a carbon contract
system. The real level of net returns, of oppotjucosts, and the derived adoption rates
probably differ from the ex-ante values reportethis study.

Behavioral factors also influence farmers’ williregs to switch management practices.
Risk and uncertainty increase the perceived cdstsa&ing the change, and play a substantial
role in adopting technology (Sunding and Zilberr@@01). Fuglie and Kascak (2001) show that
in the US, geographic location and other factofscaffarmers’ willingness to adopt no-till
practices. Consequently, the overall effect of biigk and adjustment costs vis-a-vis the baseline
scenarios can be either positive or negative dapgrah the tradeoff range between those two
factors.

A technical limitation of the present case studgtmibe uncertainties linked to the ex-
ante simulations from the DSSAT/Century modelsld§end soil organic carbon sequestration

amounts have been simulated in the top 20 cm afalieThat implies that carbon contracts
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would reward farmers based on the evolution ofS3bi Organic Carbon at that precise depth.
The literature does not provide any informationwttibe depth that would be considered for
such contracts. Moreover, these assessed amouptsanmatch the actual amounts that would

be observed if practices were implemented.

Perspective

Further research should analyze more complex cngpprstems, including rotations
with other crops. Opportunity costs and adaptatades could be derived with these production
systems. Other types of rotations may lead to khdrigarbon sequestration rate, so the carbon
payment may increase revenue more.

To further validate the minimum-data approach, aenpwecise analysis could be
conducted suing on-site specific data. Field datgields and carbon sequestration for the
different scenarios would allow the two differeppeoaches to be compared and may highlight
the accuracy of a minimum-data approach, as hasdmee in Antle et al. (2010).

Another area requiring research is farmers’ wiltiags to enter carbon contracts and to
adopt conservation practices, given the ex-anta@o@ returns. As previously explained,
behavioral factors must be taken into account.

Finally, in the broader picture, recent researchfbaused on technical issues of adapting
to climate change. Nevertheless, both a micro aactoeconomic research on the economic
feasibility of adaptation to global warming mayreeded. The barriers to adaptation must be
understood to implement appropriate policies foreligping countries to adapt to climate

change.

89



References

Adger, W.N., S. Agrawala, M.M.Q. Mirza, C. Conde,®Brien, J. Pulhin, R. Pulwarty, B.
Smit and K. Takahashi 2007: Assessment of adaptatiactices, options, constraints and
capacity. Climate Change 2007: Impacts, Adaptadiuh Vulnerability. Contribution of
Working Group Il to the Fourth Assessment Repothefintergovernmental Panel on
Climate Change, M.L. Parry, O.F. Canziani, J.Putidaf, P.J. van der Linden and C.E.
Hanson, Eds., Cambridge University Press, Cambyridge 717-743.

Ahwoi, Kwesi 2010. Agriculture in Ghana — facts digiires (2009). Ministry of food and
agriculture, Statistics, Research and Informatimedorate, December. Accra, Ghana,
41 pp.

Alcamo, Joseph, Elena M. Bennett, and Millenniurogystem Assessment (Program) 2003.
“Ecosystems and human well-being : A frameworkdssessment / millennium
ecosystem assessment”. [http://www.maweb.org/doatsfadocument.48.aspx.pdf]

Antle, John M., and Susan M. Capalbo 2001. “Ecortamprocess models for integrated
assessment of agricultural production systersierican Journal of Agricultural
Economics33 (2): 389-401.

Antle, John M., and Bocar Diagana 2003. “Creatimgentives for the adoption of sustainable
agricultural practices in developing countries: Tole of soil carbon sequestration”.
American Journal of Agricultural Economi&s (5) : 1178-84.

Antle, John M., and Jetse J. Stoorvogel 2008. “@gtural carbon sequestration, poverty, and
sustainability”.Environment and Development EcononiiBg(3): 327-52.

Antle, John M., and Roberto O. Valdivia 2006. “Mbdg the supply of ecosystem services from
agriculture: A minimum-data approactRustralian Journal of Agricultural and Resource
Economics$0 (1) : 1-15.

Antle, John M. 2008. “Climate change and agrice@tiEconomic impacts’Thoices23 (1): 9-
11.

Antle John M., Valvidia R. 2009. TOA_MD4 Model Dgai 7 pp.
Antle, John M., Bocar Diagana, Jetse J. Stoorvayel,Roberto O. Valdivia 2010. “Minimum-
data analysis of ecosystem service supply in seivsistence agricultural systems”.

Australian Journal of Agricultural and Resource Bomics54 (4) : 601-17.

Antle, John M. 2011. “Parsimonious Multi-Dimensibirapact AssessmentAmerican Journal
of Agricultural Economic93 (5): 1292-1311.

90



Bishop-Sambrook C., Kienzle J., Mariki W., Owenyaand F. Ribeiro, 2004. “Conservation
Agriculture as a labour saving practice for vulideehouseholds. A study of the
suitability of reduced tillage and cover cropslouseholds under labour stress in Babati
and Karatu districts, northern Tanzania”. Interoradéil Fund for Agricultural
Development and Food and Agriculture Organizatibtihe United Nations, 80 pp.

Boahen, Philip, Benjamin Addo Dartey, Genevievedd@ogbe, Emamanuel Asare Boadi,
Bernard Triomphe, Soren Daamgard-Larsen, John Askb2007. “Conservation

agriculture as practised in Ghana”. African Conagon Tillage Network, CIRAD, and
Food and Agriculture Organization of the United iNias, 71 pp.

Boko, M., I. Niang, A. Nyong, C. Vogel, A. Githekbl. Medany, B. Osman-Elasha, R. Tabo
and P. Yanda 2007: Africa. Climate Change 2007 alctgy Adaptation and
Vulnerability. Contribution of Working Group |l tthe Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, M.Li\R&.F. Canziani, J.P. Palutikof,

P.J. van der Linden and C.E. Hanson, Eds., Cambtitlgversity Press, Cambridge UK,
433-467.

Chhibber, Ajay, and Rachid Laajaj 2008. “Disastelispate change and economic development
in sub-saharan africa: Lessons and directiad®irnal of African Economieky : ii7-49.

Claessens, L., J. J. Stoorvogel, and J. M. Ant@82CEx ante assessment of dual-purpose sweet

potato in the crop-livestock system of western ey minimum-data approach”.
Agricultural System89 (1): 13-22.

Collier, Paul, Gordon Conway, and Tony Venables&0Glimate change and AfricaDxford
Review of Economic Poli@4 (2): 337-53.

Deressa, Temesgen Tadesse, and Rashid M. Hassaur'200nomic impact of climate change

on crop production in ethiopia: Evidence from crssstion measuresJournal of
African Economied8 (4): 529-54.

Diagana, B., J. Antle, J. Stoorvogel, and K. Gra@2 “Economic potential for soil carbon

sequestration in the nioro region of senegal's yelaasin”. Agricultural System84 (1):
26-37.

Ekboir, James 2001. “Developing no-till packagessimall-scale farmers”. World Wheat
overview and outlook. International Maize and WHegtrovement Center.

[http://apps.cimmyt.org/Research/Economics/mapgfacends/wheat00-
01/pdf/wheato&o00-01.pdf]

Ekboir, James, Kofi Boa, A. A. Dankyl 2001. “Impaxtno-till technologies in Ghana”.
Economics program paper 02-01. International Maizd Wheat Improvement Center.

[http://apps.cimmyt.org/Research/Economics/mapéese results/program_papers/pdf/E
PP02_01.pdf]

91



Feng, Hongli, Catherine L. Kling, and Philip W. Gasmn 2004. “Carbon sequestration, co-
benefits, and conservation programg&€hoicesl9 (3): 19-24.

Foley, J.A., DeFries, R., Asner, G.P., Barford,Banan, G., Carpenter, S.R., Chapin, F.S., Coe,
M.T., Daily, G.C., Gibbs, H.K., Helkowski, J.H., Howay, T., Howard, E.A., Kucharik,
C.J., Monfreda, C., Patz, J.A., Prentice, I.C., Rakutty, N. & Snyder, P.K. 2005.
“Global consequences of land usBtience309(5734): 570-574.

Food and Agriculture Organization of the United iNias 2001. “The economics of conservation
agriculture”. FAO land and water development dimisiRome, 74 pp.
[ftp://ftp.fao.org/agl/agll/docs/ecconsagr.pdf]

Food and Agriculture Organization of the United iNias 2004. “Carbon sequestration in dryland
soils”. World soil resources report No 102. Food agriculture organization of the
United Nations, Rome, 129 pp.

Food and Agriculture Organization of the United iNias 2007. “The state of food and
agriculture :Paying farmers for environmental segsl'. Food and agriculture
organization of the United Nations, Rome, 240 pp.

Fuglie, Keith O., and Catherine A. Kascak 2001. 6pton and diffusion of natural-resource-
conserving agricultural technologyReview of Agricultural Economi@3 (2): 386-403.

Gijsman, A. J., G. Hoogenboom, W. J. Parton, and.Kerridge 2002. “Modifying DSSAT
crop models for low-input agricultural systems gsinsoil organic matter-residue module
from CENTURY”. Agronomy Journa94 (3): 462-74.

Gonzalez-Estrada, Luis C. Rodriguez, Valerie K. &dalesse B. Naab, Jawoo Koo, James W.
Jones, Mario Herrero, Philip K. Thornton 2008. “Giam sequestration and farm income
in west Africa: Identifying best management praesiéor smallholder agricultural
systems in northern Ghan&cological Economic§7 (3): 492-502.

Hertel, Thomas, Marshall Burke, and David Lobell@0“The poverty implications of climate-
induced crop yield changes by 2030”. GTAP workiager No. 59.

Hobbs, Peter R., Ken Sayre, and Raj Gupta 200& fole of conservation agriculture in
sustainable agriculturePhilosophical Transactions of the Royal Societyaridon,
Series B: Biological Scienc&63 (1491): 543-55.

Houghton, John T. 200&lobal warming: The complete briefinGambridge University Press.

Hussain, Intizar, K. R. Olson, and S. A. Ebelha®4.9'Long-term tillage effects on soil

chemical properties and organic matter fractioBsil Science Society of America
Journal 63 (5): 1335-41.

92



Immerzeel, Walter, Jetse Stoorvogel, and John A@G8. “Can payments for ecosystem
services secure the water tower of tibeAgticultural System86 (1): 52.

IPCC, 2007a. Climate Change 2007. Synthesis Reporttribution of Working Groups I, Il and
Il to the Fourth Assessment Report of the Inteegamental Panel on Climate Change
[Core Writing Team, Pachauri, R.K and Reisinger(esls.)]. IPCC, Geneva,
Switzerland, 104 pp.

IPCC, 2007bClimate Change 2007: The Physical Science Basistribation of Working
Group | to the Fourth Assessment. Report of thergjoivernmental Panel on Climate
Chang€gSolomon, S., D. Qin, M. Manning, Z. Chen, M. Maig|\K.B. Averyt, M.
Tignor and H.L. Miller (eds.)]. Cambridge UnivessRress, Cambridge, United
Kingdom and New York, NY, USA, 996 pp.

Just, R.E. and J.M. Antle 1990. “Interactions be&mégricultural and Environmental Policy: A
Conceptual FrameworkAmerican Economic RevieB0(2):197-202.

Kurukulasuriya, Pradeep, and Robert Mendelsohn 2608~ will climate change shift agro-
ecological zones and impact African agricultureB&World Bank, Policy Research
Working Paper Series: 4717.

[http://www-
wds.worldbank.org/external/default/WDSContentSeitveésP/1B/2008/09/11/000158349
_20080911163038/Rendered/PDF/WPS4717.pdf]

Kurukulasuriya, Pradeep, Robert Mendelsohn, Radhgsan, James Benhin, Temesgen
Deressa, Mbaye Diop, Helmy Mohamed Eid, K. Yerfs&oGlwadys Gbetibouo, Suman
Jain, Ali Mahamadou, Reneeth Mano, Jane KabubodviarSamia El-Marsafawy, Ernest
Molua, Samiha Ouad, Mathieu Ouedraogo, Isidor SBagid Maddison, S. Niggol Seo,
and Ariel Dinar 2006. “Will African agriculture suke climate change?ANorld Bank
Economic Review0 (3): 367-88.

Koo, Jawoo 2007. “Estimating soil carbon sequesindh Ghana”. PhD thesis, University of
Florida, Gainesville, FL, USA, 200 pp.

Lal, Rattan 2004. “Soil carbon sequestration impact global climate change and food safety”.
Science304 (5677): 1623-7.

Lal, Rattan, J.M. Kimble, R.F. Follett, and C.V.I€4999. “The potential of U.S. cropland to
sequester carbon and mitigate the greenhouse’eBexta Raton: Lewis Publishers, CRC
press.

Linacre, Nicholas, Alexandre Kossoy, and Philippalkosi 2011. “State and trends of the

carbon market 2011”. Carbon finance at the Worldi3&Vorld Bank, Washington, 84
pp.

93



Lobell, David B., Marshall B. Burke, Claudia Tebialdlichael D. Mastrandrea, Walter P.
Falcon, and Rosamond L. Naylor 2008. “Prioritizolignate change adaptation needs for
food security in 2030"Science (Washingto319 (5863): 607-10.

Lubowski, Ruben N., Andrew J. Plantinga, and RobNei$tavins 2006. “Land-use change and
carbon sinks: Econometric estimation of the cardeguestration supply function”.
Journal of Environmental Economics and Managensdn{2): 135-52.

Maddison, David, Marita Manley, and Pradeep Kurakufiya 2007. “The impact of climate
change on African agriculture: A ricardian apprdadine World Bank, Policy Research
Working Paper Series: 4306.

[http://www-
wds.worldbank.org/serviet/WDSContentServer/WDSRI(B/7/08/06/000158349 20070
806141653/Rendered/PDF/wps4306.pdf]

Mendelsohn, Robert, William D. Nordhaus, and Dai§eaw 2004. “The impact of global
warming on agriculture: A ricardian analysi€limate change.eds. Michael A. Toman,
Brent Sohngen eds, 99-117. International Librarii¥ironmental Economics and
Policy. Aldershot, U.K. and Burlington, Vt.: Ashgat

Molua, Ernest L. 2002. “Climate variability, vulradaility and effectiveness of farm-level
adaptation options: The challenges and implicatfongood security in southwestern
Cameroon”Environment and Development Econonid8): 529-45.

Naab, Jesse, Koo J, Traoré PCS, Adiku SGK, JoneantiBoote KJ 2008a. “Estimation of soll
carbon sequestration potential in small-holder faghsystems in Northern Ghana”.
Carbon Enhancing Management Systems (CEMS) S&MsCRSP / University of
Florida Bulletin. 10 pp.

Naab, Jesse., E. Gonzalez-Estrata, P.K. Thorni&mal S.G.K. Adiku, V. Walen, and J.W.
Jones 2008b. “Carbon Enhancing Management Syser€$): Feasibility of Using
Carbon Markets to Support Improvements in Crop@gstems and Increase Household
Income in Northern Ghana”. Carbon Enhancing Manage8ystems (CEMS) Series.
SM-CRSP / University of Florida Bulletin. 10 pp.

Nalukenge, Imelda, John M. Antle, and Jetse StagahB009. “Assessing the feasibility of
wetlands conservation: Using payments for ecosystmwices in Pallisa, Uganda”.
Payment for environmental services in agricultUeaddscapes: Economic policies and
poverty reduction in developing countriesds. Leslie Lipper, Takumi Sakuyama, Randy
Stringer and David Zilberman eds, 239-253. NatRedource Management and Policy
series. New York: Springer; Rome: Food and Agric@tOrganization of the United
Nations.

Pagiola, Stefano, Ana R. Rios, and Agustin Arce2td38. “Can the poor participate in payments
for environmental services? Lessons from the sagtgral project in Nicaragua”.
Environment and Development Econonii8y(3): 299-325.

94



Palm, Cheryl Ann, Stephen A. Vosti, Pedro A. Saached Polly J. Ericksen 200Slash-and-
burn agriculture: The search for alternativddew-York: Columbia University press.

Pautsch, Gregory R., Lyubov A. Kurkalova, BruceBRbcock, Catherine Kling 2001. “The
efficiency of sequestering carbon in agricultu@lss. Contemporary Economic Policy
19 (2): 123-34.

Perez, Carlos, Carla Roncoli, Constance NeelyJaad L. Steiner 2007. “Can carbon
sequestration markets benefit low-income produicesemi-arid Africa? Potentials and
challenges”Agricultural System84 (1): 2-12.

Pretty, Jules 2008. “Agricultural sustainabilityoi@epts, principles and evidence”.
Philosophical Transactions of the Royal Society@idon, Series B: Biological Sciences
363 (1491): 447-65.

Reicosky, D. C. 1997. “Tillage-induced CO2 emisdimm soil”. Nutrient Cycling in
Agroecosystem49 (1-3): 273-85.

Ringius, Lasse 2002. “Soil carbon sequestrationtaedCDM: Opportunities and challenges for
Africa”. Climatic Changeés4 (4): 471-95.

Runge-Metzger, Artur 198&ariability in agronomic practices and allocativéfieiency among
farm households in northern Ghana: A case studynifiarm researchGermany: Verlag
Josef Margraf.

Schlenker, Wolfram, and David B. Lobell 2010. “Rsbuoegative impacts of climate change on
African agriculture”.Environmental Research Letteésg1): 014010.

Smart, Francis 2009. “Minimum-data analysis of gstam service supply with risk averse
decision makers”. Ms Thesis, Montana State UnitigrBiozeman, MT, USA, 87 pp.

Stavins, Robert 2005. “Experience with market-bammdronmental policy instruments”.
Discussion paper 01-58, Resources for the futttg:[/www.rff.org/documents/RFF-
DP-01-58.pdf]

Stern, Nicholas 2006.”Stern review on the economfadimate change”. HM treasury, London.

Stoorvogel, J. J., J. M. Antle, C. C. Crissman, @hdBowen 2004. “The tradeoff analysis
model: Integrated bio-physical and economic modetihagricultural production
systems” Agricultural System80 (1): 43-66.

Sunding, David, and David Zilberman 2001. “The agjtural innovation process: Research and
technology adoption in a changing agricultural sgctn Handbook of agricultural
economics. volume 1A. agricultural productioeds. Bruce L. Gardner, Gordon C.
Rausser eds, 207-261. Handbooks in Economics18oAmsterdam; London and New
York: Elsevier Science, North-Holland.

95



Tennigkeit, T.; Kahrl, F.; Wolcke, J.; Newcombe,2009. Agricultural Carbon Sequestration in
Sub-Saharan Africa: Economics and Institutions. Mregton DC: World Bank.

UNFCCC, 2007. Climate change: impacts, vulneraediand adaptation in developing
countries. United Nations framework convention bmate change, Germany,68 pp.

United Nations Framework Convention on Climate GsatUNFCC CDM projects interactive
map, http://cdm.unfccc.int/Projects/MapApp/indermhf{Accessed 17 November 2011).

United Nations 1998. Kyoto protocol to the Unitedtidns framework convention on climate
change. [http://unfccc.int/resource/docs/convkphgppdf(]

Uri, Noel D. 2000. “An evaluation of the economeniefits and costs of conservation tillage”.
Environmental Geolog89 (3/4): 238-48.

West, Tristram O., and Wilfried M. Post 2002. “Saifjanic carbon sequestration rates by tillage
and crop rotation: A global data analysiSail Science Society of America Jour6él(6):
1930-46.

Williams, Jeffrey R, Sian Mooney, and Jeffrey Peber2009. “What is the carbon market: Is
there a final answerJournal of Soil and Water Conservatiéa (1): 27A.

Wilman, Elizabeth A. 2011. “Carbon sequestratioagnicultural soils”Journal of Agricultural
and Resource Economi8$ (1): 121-38.

Winters, Paul, Rinku Murgai, Elisabeth SadoulegiAlde Janvry, and George Frisvold 1998.
“Economic and welfare impacts of climate changeleveloping countries”.
Environmental and Resource Econonii@s(1): 1-24.

Wu, J., RM Adams, CL Kling, and K. Tanaka 2004 .d#r microlevel decisions to landscape
changes: An assessment of agricultural conservptbboies”. American Journal of
Agricultural Economics6 (1): 26-41.

Yahaya I., Hashim I., Naab J., Dalton T.J., 201D&scriptive report on cropping system in
upper west region, Ghana”. CSIR-SARI, Wa and KSasifgility study report, 2010.

Yahaya I., 2011b. “Economics of tillage practicedNiorth Western Ghana, 2010 cropping
season”. CSIR-SARI and KSU preliminary report.

Zilberman, David, Leslie Lipper, and Nancy McCar2808. “When could payments for
environmental services benefit the podEpivironment and Development Econonii8s
(3): 255-78.

Zivin, Joshua, and Leslie Lipper 2008. “Povertgkriand the supply of soil carbon
sequestration"Environment and Development Econonii8y3): 353-73.

96



Appendix A - Marginal costs and revenues analysis



Items Weight  Price (5/kg) FP NTL FRT RSD RMP
Revenue
Crop
Maize 0.50 0.38 1320.50 1327.55 3664.65 1438.00 3691.35
Millet 0.25 0.57 643.75 766.15 1027.30 840.80 1192.25
Groundnuts 0.25 0.70 1373.30 1382.20 1373.30 1393.65 1382.20
Carbon (delta) 0.04 0.00 152.00 17.00 67.00 224.00
Total Revenue w/o pmt 587.26 607.62 1092.93 641.52 1123.14
Total Revenue w pmt 587.26 614.01 1093.64 644.34 1132.54
Carbon revenue 0 6.38 0.71 2.814 9.41
Revenues from practices improvements 20.36 505.67 54.26 535.88
Total additional revenues 26.75 506.38 57.08 545.29
Part of carbon revenue 23.87% 0.14% 4.93% 1.73%
Part of yield improvement 76.13% 99.86% 95.07% 98.27%
Marginal Variable Cost
Biochemical
Seed
Maize 0 0 0 0 0
Millet 0 0 0 0 0
Groundnuts 0 0 0 0 0
Fertilizer
Maize 0 0 21.53 0 21.53
Millet 0 0 10.76 0 10.76
Groundnuts 0 0 0 0 0
Other chemical inputs
Maize 0 19.29 0 19.29 0
Millet 0 19.29 0 19.29 0
Groundnuts 0 19.29 0 19.29 0

Marginal labor cost




Maize -25.30 30 12 4.70

Millet -26.89 30 12 3.10

Groundnuts -22.43 30 12 7.56
Total marginal cost

Maize -6.01 51.53 31.29 26.23

Millet -7.61 40.76 31.29 13.86

Groundnuts -3.15 30 31.29 7.56
Net revenues 32.44 462.93 25.79 526.81




