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ABSTRACT

Assessing the Impact of Climate Change on Smalérdtdrmers’ Crop Production-

based Revenue in Togo (November, 2014)
Agossou Gadedjisso-Tossou, Dipl. Ing., Universgd.dmé

Chair of Advisory Committee: Dr Georges A. Abbey

This study employs a Ricardian approach to meaberenpact of climate change on
smallholder famers’ crop production-based revenuBogo. A regression of farmer’s
revenue on climate, soil and other socioecononti@bkes was conducted to capture farmer-
adapted responses to climate variations. The aralgs based on cross-section data of the
National Agricultural Census conducted during 2@D2-3 agricultural season and average
long-term temperature and rainfall data from 1962Q13 pooled over the 35 districts of
Togo. Results indicate that climate has a nonlie#fact on net revenue from crop
production. In rainy season, the marginal impadheftemperature on farmers’ net revenue is
negative, while the one for the rainfall is postihe scenarios of decrease of the rainfall
and/or increase of the temperature are very dettmh&o Togolese agriculture, because of
the already harsh climatic conditions in the copntihe analysis of farmers’ perception of
climate change reveals a high increase in temperand a high variability in rainfall

pattern. Education attainment, farming experieacegss to extension services and credit as
well as climate information are factors that enleafacmers’ adaptive capacity to climate
change and variability. Consequently, the goverrtrabauld design policies aimed at

improving the aforementioned factors.

Keywords: Climate change, net revenue, Ricardian appraaalnginal impact, perception,

adaptive capacity, Togo.



Résumeé

Cette étude utilise I'approche Ricardienne poufuard’impact des changements climatiques
sur le revenu des petits exploitants agricolesdesla production végétale au Togo. La
meéthode consiste a exprimer le revenu net en famckés variables climatiques, édaphiques
et socio-économiques afin de capter I'adaptatienpieducteurs aux changements
climatiques. L’analyse a exploité les données demguéte réalisée dans le cadre du
Recensement National Agricole (RNA) de la campafite?-2013, d’une part, ainsi que les
données de climat (température et précipitatior)a61 a 2013 sur les 35 préfectures du
Togo, d’autre part. Les résultats de I'étude ésglnt le non linéarité de la relation entre le
revenu net agricole et le climat. En saison degg]liimpact marginal de la température sur
le revenu net agricole est négatif tandis que aua précipitation est positif. A la lumiére
des conditions climatiques déja difficiles, lesrsmgos de diminution des précipitations et/ou
d’augmentation des températures sont tres dommkgealiagriculture au Togo. L'analyse
de la perception des producteurs des changeméanistigues montre une augmentation des
températures et une trés grande variabilité darégiene pluviométrique. Le niveau
d’éducation, 'expérience en agriculture, 'accag aervices de vulgarisation, de crédit et a
I'information sur le climat sont des facteurs gociissent la capacité d’adaptation des
producteurs aux changements et aux variabilitésatiques. En conséquence, le
gouvernement devrait élaborer des politiques viaameéliorer les facteurs mentionnés ci-

dessus.

Mots clés Changements climatiques, revenue net, approaterd@eénne, impact marginal,
perception, capacité d’adaptation, Togo.
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CHAPTER 1: INTRODUCTION
1.1 Problem Statement

The Intergovernmental Panel on Climate Change (IFXDQ7) defines climate change as
statistically significant variations in climate thgersist for an extended period, typically a
decade or longer. It includes shifts in the frequyesind magnitude of sporadic weather
events as well as the slow continuous rise in dlotean surface temperature. Climate
change has become our new reality. It brings cheimgeeather patterns that can have
serious repercussions for all of us, modifying seatcycles, harming ecosystems and water
supply, affecting agricultural farming systems &mald production, causing sea-levels to rise.
The problem is expected to be more severe in Afvitceere current information is the
poorest, technological change the slowest, anddhgestic economies depend heavily on
agriculture (Mendelsohn et al., 2000).

African farmers have adapted to a certain amountimiate variability, but climate
change may well force large regions of marginaicadfure out of production in Africa.
Agriculture is extremely vulnerable to climate cgar{IPCC, 2001). Experts are concerned
that the agriculture sector in Africa will be esjadly sensitive to future climate change and
any increase in climate variability. Besides, vtk rapid population growth especially in
developing countries, food insecurity has becommeagor threat in these countries. Globally,
countries in West Africa are among the most vulbler#o the effects of climate change
because of the reliance of much of the populatioagriculture, particularly rain-fed
agriculture. The vulnerabilities are worsened, giaehost of biophysical and human-related
issues in the region, including erosive rainfaturring drought, soil qualities and fertility,
low input farming systems, decreased fallow perdeforestation, frequent bush fires, and
overgrazing (USAID, 2011).

In Togo, agriculture remains the most importataeof the economy and 70% of
the population practice agriculture as their maiivdy (MERF, 2001). Agriculture accounts
for 38% of Togo’s gross domestic product (food sr@p.0%, cash crops 3.4%, livestock
products 5.1%, fishery products and aquaculturélahd forestry production 2.1%) (ROT,
2009). In addition, agriculture supplies more tB8fo of the exportation revenue (MERF,
2010). Despite its high contribution to the oveebnomy, agriculture in Togo is
predominantly rain-fed and hence fundamentally ddpat on the vagaries of weather. Less
than 1% (20,000 hectares) of the cultivated lan@iago are irrigated (FAO, 2005).



Therefore, changes in rainfall conditions impadhlibe performance of agricultural sector

and the country’s total GDP.

The mean annual temperature has increased by &iri¢€ 1960, an average rate of
0.24°C per decade in Togo (McSweeney et al, 2008).same authors also disclosed that the
annual rainfall in Togo is highly variable on inmnual and intedecadal timescale.

Rainfall over Togo was particularly high in the 086it decreased to particularly low levels
in the late 1970s and early 1980s, causing an bwEereasing trend in the period from 1960
to 2006, an average 2.3 mm per month (2.4%) pead#edn addition, the 2008 flooding in
Togo destroyed 24,956 hectares, representing 5&ffeafted farmers’ cultivated areas
(MERF, 2010).

In Togo, the impact of climate change on the ciaud ecosystems, livestock farming
and fishing is globally negative (MERF, 2007). Knoas staple food in Togo, maize and
sorghum are particularly vulnerable to climate gehecause of their strong sensitivity to
the water stress especially at flowering stageeBas General Climate Model, the mean
annual temperature is projected to increase byol301°C by the 2060s, and 1.5 to 5.3°C by
the 2090s in Togo. Precipitation-wise, a wide raofgehanges, covering a similar range of
increases as decreases is projected (McSwestrady2009). In addition, the IPCC’s 2025,
2050 and 2100 scenarios have projected a decre#ise production of the major crops to
5%, 7% and 10%, respectively (MERF 2010).

Adaptation is widely recognized as a vital compdrérany policy response to
climate change. It is a way of reducing vulner#jilincreasing resilience, moderating the
risk of climate impacts on lives and livelihoodsddaking advantage of opportunities posed
by actual or expected climate change (Acquah-dé& @nal Onumah, 2011). The literature on
adaptations also makes it clear that perceptiamiscessary prerequisite for adaptation.
However, perceptions are influenced not only byaatonditions and changes, but are also
influenced by other factors. For instance, a staglbetibouo (2009) found that education
seems to decrease the probability that the farnikeperceive long-term changes in rainfall.
This means that educated farmers are more likedgéathat rainfall does not have a
significant trend over the long run than other farsa In addition, with experience, farmers
are more likely to perceive changes in temperatd@eover, farmers who have access to
water for irrigation purposes are unlikely to p@veeany change in temperature or rainfall.

Also, access to extension, on the other hand, aseethe probability of perceiving change in



temperature. Finally, farmers with highly fertileilsare less likely to perceive change in
temperature but more likely to perceive changainfall. Despite the importance of
perceptions and adaptation to climate change arcdimtext of Togo, a very few studies have
examined farmers’ perceptions and adaptation toaté change. Also, in order to enhance
policy towards tackling the challenges that climatange poses to farmers, it is important to
have knowledge of farmers’ perception on climatangje, potential adaptation measures, and

factors affecting adaptation to climate change.

Decision makers are therefore particularly keebetanformed about the possible
disastrous effects of climatic changes on agriceltabout farmers’ perception of these
changes and adaptation measures for reducing thaums, this study purports to assess the
economic impact of Climate Change on crop produactiod smallholder farmers’ perception

and adaptation to these changes in Togo.
1.2 Objectives

The overall objective of this study is to analyise €conomic impact of climate change on crop
production and smallholder farmers’ perception addptation in Togo.

The Specific objectives of this study are:

- to analyse the relationship between farmers’ netimae and climate variables (rainfall
and temperature);

- toidentify factors explaining significantly farngmnet revenue;

- to determine the marginal impact of temperatureraimdall on farmers’ crop revenues;

- to evaluate the effects of climate change on fasimerenue on the basis of specific
climate change scenarios for Togo (RCP8.5); and

- to capture farmers’ perceptions of climate varigbiand change and the types of
adjustments they have made in their farming prastin response to these changes.

1.3 Research Questions

Considering the findings of climate change researcfogo and other regions of the world,

some questions of interest can be asked:

* What is the relationship between agriculture nebme and climate variables?
* What are the factors that explain significantly tie¢ income for agriculture?

* What is the impact of climate variability on agticwal profitability?



« Do farmers perceive climate change to have occwireddy and if so have
they begun to adapt to it? and
* What long term approaches should be recommendetptove the adaptive

mechanisms?

1.4 Hypotheses

The assumptions of this study are:

Temperature and rainfall have a quadratic relalignwith farms crop net revenues;
Climate variables are significant determinantsaofrfers’ crop net revenue;
Farmers’ crop net revenue from crop productionsaresitive to climate;

Scenarios of increase in temperature and or dexiedbe rainfall are detrimental to
farmers’ crop net revenue; and

Most farmers’ perception of changes in the clinaatd adaptation to them.

1.5 Thesis Structure

This thesis is composed of four further chaptereapler 2 reviews studies on the impact of

climate change on agriculture and revisits the oggremployed and key results from these

studies. Chapter 3 details the methodology uséhisnstudy, while chapter 4 provides an

overview of its main results. Finally, chapter :icludes with policy implications about this

study. Additional information is presented in apgieas.



CHAPTER 2: LITERATURE REVIEW
2.1 Climate Change Impacts on Agriculture

Country-specific studies on the climate change ntgpaxpected for the agricultural sector in
most low income countries are scarce, in part duelack of data availability. A study by
Hulme (1996) revealed that there are four wayshichvclimate would have a physical effect
on crops: changes in temperature and precipitagiongospheric carbon content, water

availability, and increased frequency of extremmate events such as flood and drought.

First, changes in temperature and precipitatiohadtiér the distribution of agro-
ecological zones. Changes in soil moisture andecrand the timing and length of growing
seasons will be affected in various ways in diffengarts of the world. Rosenzweig and
Hillel (1995) stated that in middle and highertiadies, higher temperatures will lengthen
growing seasons and expand crop producing areasy@ol, thus benefiting countries in
these regions, while less fertile soils in higtaitlides will temper some of the gains of an
extended growing season. In contrast, in lowetudds, it is expected that higher
temperatures will adversely affect growing condisio

Second, carbon dioxide effects are expected to agasitive impact due to, for
example, greater water use efficiency and higheraaphotosynthesis (Kurukulasuriya and
Rosenthal, 2003). Also, rising carbon dioxide coniions in the atmosphere are important
to agriculture because they increase the rate aioglgnthesis and water use efficiency.
However, the net result may be moderated by cpstty and weed infestations (Rosenzweig
and Hillel 1995). In addition, Amouzaet al (2013) found that increase in atmospheric CO2
concentration by 400-550 vpm enhanced maize giald By 3 to 11% but that positive
effect did not offset the depressive effect of @aged temperature on Ferrralsols in Coastal
Western Africa. Jennifer and Acock (1986) indicaéddnited response of maize yield to
CO2 enriched environment in nutrient-stress coongi

In addition, water availability (or runoff) is aittical factor in determining the impact
of climate change in many places, particularly inea. A number of studies suggested that
precipitation and the length of the growing seam@ncritical in determining whether climate

change positively or negatively affects agricult(ti@lme, 1996).

Finally, according to Kurukulasuriya and Rosen{28l03), agricultural losses can
result from climatic variability and the increadeglquency of extreme events such as



droughts and floods or changes in precipitationtentperature variance. As outlined in
Rosenzweig and Hillel (1995), a higher frequencgraiughts is likely to increase pressure
on water supplies for numerous reasons, ranging piant transpiration to allocation. In
contrast, increases in rainfall intensity in otheggions can lead to higher rates of soil erosion,
leaching of agricultural chemicals, and runoff tbatries livestock waste and nutrients into

water bodies.

Hulme (1996) overlooked the fact that one way ctarchange can affect agriculture
in coastal areas. That is sea level rise, whichmmamdate producing lands. In addition, it can
also increase the amount of salt in these produaimds, making some plants to have a
stunted growth there. This particular point hasnb@entioned by Keane et al (2009).

Impacts of climate variability and change on theatural sector are projected to
steadily manifest directly from changes in land aader regimes, the likely primary
conduits of change. Changes in the frequency aedsity of droughts, flooding, and storm
damage are expected. Climate change is expectedutt in long-term water and other
resource shortages, worsening soil conditions,ghband desertification, disease and pest
outbreaks on crops and livestock, sea-level rise,s® on. Vulnerable areas are expected to
experience losses in agricultural productivitynmarily due to reductions in crop yields
(Rosenzweig et al, 2002, as quoted in Kurukulasuaiyd Rosenthal, 2003).

Most of the scenarios reviewed by Keane et al (20@9e either formed part of the
Fourth Assessment Report (AR4) or have drawn ohRB€ Special Report on Emission
Scenarios (2000). Regarding the results of theskest, all regions will experience an
increase in temperatures towards the end of themucentury; this is accompanied by
predicted changes in precipitations (though to ahmarger degree in terms of variability). In
terms of the aggregate impact on agricultural petidn, it is established that a greater
divergence between regions in terms of outpukedyito happen. That is, for the most part,
the more southern and equatorial developing camaie expected to lose in terms of

agricultural production, whilst developed countiesed in the north are likely to gain.

2.2 Review of Methodological Approaches Used to Asss Impact of Climate Change on

Agriculture

Several methods have been developed to estimateplaet of the climate on agriculture.
These methods can be grouped in two main categ@azzaz, 1997, as cited by Ouedraogo
et al. 2006): the structural modelling of the agnmic response based on controlled



experiments (the production function approach), modelling taking into account the link
between crop production and the farmers’ econonainagement decisions, based on

theoretical specification (the Ricardian approach).

Rosenzweig and Iglesias (1994) developed the ptmhifunction approach to
evaluate the impact of climate change on USA adtical sector. This approach is based on
the existence of a production function for eactpgcmehich links its yield to the physical,
biophysical and biological environment. In the samar, many studies used this approach to
evaluate the impact of the climate on crop productior example, Reilly et al. (1994), and
Rosenzweig and Parry (1994) for world food supfryaddition, Rao and Sinha (1994) used
this method to assess the impact of the climatagdan wheat production in India. Kumar
and Parikh (2001) evaluated the impact of climatelifications on rice and wheat by relying
on this method in India. Regarding the variablesdyshe aforementioned studies simulated
crop responses to change in climate (temperatoeejgitation, solar radiation, and relative
humidity), management variables (irrigation, adapiastrategies), soils types and different
levels of CQ in the atmosphere.

Moreover, Turpie et al. (2002)as cited by Kabubo-Mariara and Karanja (2066)
analysed the economic impact of climate changeirttSAfrica by using production
function approach to measure the natural capislffom global warming. They predicted
that the impact of climate change on rangelandsbeipositive, with the fertilization impact
of CO, outweighing the negative effects of reduced pitatipn. However, they found that
the impact of climate change on maize productidhbei negative both ‘with” and ‘without’
CQ; fertilization. Also, Quiroga Gémez and Iglesia®@3) used crop production functions to
analyse global change impacts in Spain. These etiitized panel data to estimate the
relationship between production (such as tonnesi@etare) as a function of socio-economic
and climate variables in various agro-climatic zora addition, the impacts of various
technological variables were also included suchmashinery value, fertilizer use, pesticide
imports, and percentage of irrigated land for prtiten of wheat, grapes, olives and oranges.
Using the production functions, these authors sobee in capturing the relationship between
crop production (tons/ha) and the various inpuegius obtain this output. But they failed to
take into account the variables related to the @eor, social and environmental changes:
e.g. farmers’ behaviour in response to climate ghaand institutional variables. Therefore,
this approach is subject to some criticisms (Meswlah et al., 1994; Kabubo-Mariara and
Karanja, 2006; Ouedraogo et al., 2006 etc).



Originally presented by Mendelson et al (1994) #asure the value of climate in the
United States agriculture, the Ricardian modeldsoss-sectional analysis of the impact of
climate on land value or farm revenue. The techmigas been named the Ricardian method
because it is based on the observation made bydRi¢a817)}-as cited by Deressa (2006)
—that land values would reflect land productivityaadite under perfect competition.
Generally using cross-sectional data, Ricardiatyaaa regressed the chosen productivity
proxy (land value or net revenues) on climaticoagmic and input variables to quantify the
impact of climate change. Mendelsohn et al. (1%34mated the influence of agro-climatic
factors on USA farm land values. The authors degaldyvo models at the county level using
different data weights. They first use a uniformmelte change scenario of a 5°F temperature
increase and an 8% rise in precipitation. Undesaleonditions, farm land values are
expected to decrease by between US$119 billion8#iL41 billion, according to the crop-
land model. This represents an annual decreadsoot &% in 1982 gross farm income.
However, when using the crop-revenue model, famd lalues rise by between US$20
billion and US$35 billion which represent an annnatease in gross revenues of about 1%.
It is assumed that farmers choose agriculturaVitiets in order to maximise revenue given

the environmental conditions (Blanc, 2011).

In addition, Ouedraogo et al. (2006) disclosed kdadl value is measured in terms of
the net yield per acre of land [value of output msimputs (excluding land rents)]. In a
competitive market, land rent equals the net yidithe highest and best use of land. Farm
value is calculated as the present value of fuaurd rents. If the interest rate, rate of capital
gains and capital per acre are equal for all pam@Eland, then farm value is proportional to
land rent. This study regressed the net revengeopk on several variables: climate, soil,
relevant hydrology and socio-economics. It testeghmodels (one without adaptation, one
with adaptation, and one with a dummy zone varjafilee authors established that if the
temperature increases by 1°C, revenue will fallBy US$/ha. If precipitation increases by
1 mm/month, net revenue increases by 2.7 US$/addiition, the study revealed that some
variables used in the regression can be effectvaaptation options. Extension service and
irrigation are significant and positively affecttmevenue. Furthermore, they used Climate
Change (IPCC) uniform scenarios to show that 5Wtemse in the temperature correspond to
farmers’ losing 93% of their net revenues obtaifieth crops; farmers would also lose their
entire net revenue from crops if precipitationsrdased by 14%. Similar studies undertaken

in Cameroon by Molua and Lambi (2006) establisled 5°C increase in the temperature



would cause net revenues to fall by $1.7 billiod 44% decrease in precipitation would

cause them to fall by $3.8 billion.

Kumar and Parikh (1998) and Sanghi et al. (1988)leyed the net revenue approach
and used pooled observations from 1966 to 198&tha. Kumar and Parikh (1998) found
that the effect of temperature is negative. Theachpf precipitation is positive but is smaller
in magnitude than the temperature effect, so tbbajleffect is negative. They estimated an
8.7% decrease in net revenues when consideringamrclimate scenario of +2°C and
+7% mean precipitation change. Under the same soesanghi et al. (1998) estimated a
larger decrease in farmers’ net revenues (12.3%qgetUno change in precipitation and a
slight temperature increase (+1°C) scenario, Sagigdli (1998) estimated revenue effect (-
8.8%) is also larger than those of Kumar and Pg1€98) (-3.2%). Controversially, ECLAC
(2011) used crop yield in Jamaica instead of laaddesor net revenue as the dependent
variable. ECLAC justified this by saying that Jao@ahas underdeveloped property markets,
which make land value difficult to determine anch¢® makes the original Ricardian model
inapplicable. Therefore, ECLAC (2011) used the efugntioned modified version of the

Ricardian model where crop yield is the dependanable.

Several other studies applied Ricardian analysasdess climate impact on
agriculture in Africa. These studies were publishedliscussion papers by the Centre for
Environmental Economics and Policy in Africa (CEBPWacated in University of Pretoria,
South Africa. They include studies in Kenya (KabW\ariara and Karanja, 2006), Egypt
(Eid et al., 2006), South Africa (Benhin, 2006 #@igetibouo and Hassan, 2005), Senegal
(Sene et al., 2006), Zambia (Jain, 2006), Zimbafeano and Nhemachena, 2006), Ethiopia
(Deressa, 2006). In detail, Kabubo-Mariara and Kjar§2006) showed that increased winter
temperatures are associated with higher crop reydnui increased summer temperatures
have a negative impact. Increased precipitatigosstively correlated with net crop yield.
They also established that andosols, irrigationfangsehold size are positively correlated
with revenue, but livestock ownership, farm sizd amge rates are inversely correlated with
crop revenue. While Mano and Nhemachena (2006nastd that Zimbabwean net revenues
will decrease by 31% and 36% relative to the mdaheosample when temperature increases
by 2.5°C and 5°C, respectively. Climate dryingeisd damaging: net revenues are expected
to fall by 27% and 28%, respectively in both scerspredicting a decrease of 7% and 14%

in rainfall.



Eid et al. (2006) used four models, namely stathéacardian model, model with
linear term of hydrology, model with linear and dtatic terms of hydrology and model with
the hydrology term and heavy machinery to assessliimate impact on Egyptian
agriculture. They showed that a rise in temperatwoeld have negative effects on farm net
revenue in Egypt. In addition, they found that m@rginal impact of temperature was -
968.94US$, +26.17 US$, +150.96 US$, and -77.78 g&%hectare for the four models,
respectively. They used the scenarios of +1.5°C+&6°C increase in the temperature. As a
result, they disclosed that high temperaturesamitistrain agricultural production in Egypt.

A study by Sene et al. (2006) established thatéasrm Senegal have a low net
revenue and suggested that small rain-fed farmbighty vulnerable to climate change. The
study also established that farmers have sevend wlaadapting to climatic constraints:
diversifying crops, choosing crops with a shortvgray cycle, weeding early in the north and

late in the south, prayer, and so on.

UNDP (2011) has undertaken the econometric arsadfsilimate change effect on
households in Togo by using the Ricardian approlacaddition to climate variables such as
temperature and precipitation normal, UNDP (20X taken into account the number of
agricultural machines, fertiliser consumption, petage of agricultural population,
percentage of irrigated area and arable landshes wariables. Time series data were used in
the study which covered 1960 to 2010. It was fooutdthat climate variables explained up to
33.8% the variation of the agricultural added vafu&ogo. In addition, UNDP (2011)
disclosed that in short term, an increase of teatpes and precipitation will affect positively
the agricultural added value while a quadraticease of the same climate variables will
have a negative impact on the latter. These resuitered those found by Molua (2009) for
Cameroun and Kabuko-Mariana and Karanja (2006Késya.

Mikémina (2013) used the Ricardian approach to nreahe effect of climate change
on agriculture performance in Togo, using timeesedata from the period 1971-2004. He
found out that there exists a non-linear relatigmbletween agricultural added value and
recorded precipitations during the cropping peribhis is a confirmation of the results of
Ouedraogo et al. (2006) in Burkina Faso (menticateale) and Kabubo-Mariara and
Karanja (2006), who suggested a non-linear relalignbetween temperature and revenue,
on the one hand, and between precipitation anchte/en the other. In addition, Mikemina
(2013) pointed out that marginal impacts are masthine with the Ricardian model,
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showing that marginally increasing precipitatiomidg rainy season would increase net farm
income, but reduce by the square terms of thisose&aurthermore, he argued that other
variables, such as ratio of irrigated farm land fmwch labour, are found to have positive
impact on net farm value. The Ricardian model lvasesmerits, based on the different

results of these authors.

An interesting data-related feature of the Ricardieodel is that different impacts are
expected depending on the current climate in tg@neconsidered. For example,
Reinsborough (2003) concluded that Canada is esgeatbenefit from global warming (as
cited by Blanc, 2011), whereas warm regions areebgal to suffer economic losses from
global warming. For instance, Kurukulasuriya andhiielsohn (2008) examined the impact
of climate change on cropland in Africa, using adRilian cross-sectional approach and data
from 11countries (Burkina Faso, Cameroon, Egygtidpia, Ghana, Kenya, Niger, Senegal,
South Africa, Zambia, and Zimbabwe). They estaklisthat annual net revenue is regressed
on climate and other variables. The study confirined current climate affects the net
revenues of farmers across Africa. Furthermoreréhbealts revealed that in 2020, climate
change could have strong negative impacts on diyreéry and hot locations. By 2100,
dryland crop net revenues could rise by 51%, iifeitwarming is mild and wet but fall by
43%, if future climates are hot and dry. The crepnevenues of currently irrigated farms are
likely to be least affected. Similarly, Maddisonaét(2006) used the same set of data as
Kurukulasuriya and Mendelsohn (2008) and obserkratidountries with warmer climates
suffer greater losses. For instance, land valuegxpected to drop by 19.9% in Burkina Faso
and by up to 30.5% in Niger. They found that, oa¢bntrary, losses in cooler countries are
less significant. For example, estimated land \&loethiopia and South Africa fall by 1.3%

and 3%, respectively.

The Ricardian method is a cross-sectional apprdaelsumes that cross-sectional
comparisons provide useful insights into long-temtertemporal changes (Kurukulasurigta
al, 2006). The Ricardian approach is preferred tdrdditional estimation methods, given
that instead of ad hoc adjustments of parametatsatie characteristic of traditional
approach, this technique automatically incorporatésient adaptations by farmers to
climate change (World Bank, 2003). Also, the usaeifrevenues in the Ricardian approach
reflects the benefits and costs of implicit adaptastrategies (Mendelsohn et al., 1994). In
addition, applying this model is cost effectivencg secondary data on cross-sectional sites

can be easily collected on climate, production sexlo-economic factors (Deressa and
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Hassan, 2009). Besides, another advantage of ta@dRan model highlighted by Ouedraogo
et al (2006) and Benhin (2006) is that it is used fepmparative assessment of with and
without adaptation scenarios in agriculture. Ineotivords, it corrects the bias in the
production function approach by using socio-ecormotaita on the value of land. By directly
measuring farm prices or revenues, the Ricardignoggh accounts for the direct effects of
climate on the yields of different crops as weltlzes indirect substitution of different inputs,
the introduction of different activities and otlpatential adaptations to different climates
(Mendelsohret al 1994). It is also attractive, because it includesonly the direct effect of
climate on productivity but also the adaptatiorpmesse by farmers to local climate.
According to Kurukulasuriya and Mendelsohn (20@8final positive about the Ricardian
method is that it reflects current agriculturalipi@s. If countries subsidize specific inputs or
regulate crops, these policies will affect farmieoices. The Ricardian results will
consequently have these distortions embedded irethdts. For example, if a country
mandates that a fraction of cropland be devoteddertain crop, one may well see more of
that crop in that country than elsewhere. Howeehould be noted that the Ricardian
approach is subject to some criticisms.

Despite the popularity of the Ricardian approadiag several limitations. Early
Ricardian studies of agriculture (Mendelsa@tral, 1994; 1996) have been criticized because
they did not include irrigation and other sourcéwater in the analysis (Darwin, 1999).
These studies have relied solely on a districtyipe or county’s climate to predict
agricultural outcomes. However, such defined apestific climate does not provide a good
indication of the availability of either surface gnoundwater because these supplies often
come from watersheds that extend far beyond adigttovince/county (Mendelsohn and
Dinar, 2003). Given the importance of water in agjtural outcomes, it is necessary to
estimate the total flow of water to a given geodiegl area in order to assess the true impact
of climate change on agriculture (Benhin, 2006) afidress this shortcoming, Mendelsohn
and Dinar (2003) used a revised form of the Ri@rd@dipproach (using hydrological proxies)
to assess the way surface water affects the véliagroland and the climate sensitivity of
agriculture in the United States (Benhin, 2006).

Another study by Deschénes and Greenstone (200&9ured the economic impact
of climate change on US agricultural land by estingathe effect of random year-to-year
variation in temperature and precipitation on agtizal profits. The preferred estimates

indicate that climate change will increase annuefi{s by $1.3 billion in 2002 dollars
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(2002%) or 4 percent. This estimate is robust tmenous specification checks and relatively
precise, so large negative or positive effectaualikely. The authors also found that the
hedonic approach—which is the standard in the previiterature—to be unreliable because
it produces estimates that are extremely sengiigeemingly minor choices about control

variables, sample, and weighting.

Furthermore, the Ricardian method, as a crosseseatialysis, does not account for
dynamic transition costs which can occur as farmasenbetween two states. For example, if
a farmer has crop failures for a year or two akehens about a new crop, this transition cost
is not reflected in the analysis. Similarly, if ttesmer makes the decision to move to a new
crop suddenly, the model does not capture theafatcommissioning capital equipment
prematurely (Kurukulasuriya and Mendelsohn, 200Kewise, the Ricardian approach fails
to fully control the impact of important variabldgat could also explain the variation in farm
incomes. Another potential drawback is the asswnpif constant prices (Cline, 19963s
cited by Deressa and Hassan, 200@cause the inclusion of price effects is probleratd
the Ricardian approach is weaker for it (Mendelsethal, 1994). This introduces a bias in
the analysis, overestimating benefits and undenasitng damages, and vice versa. However,
these problems are significant but not fatal (Mdésalen, 2001). Therefore, the Ricardian

model is the methodological approach that will beduin the present study.
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CHAPTER 3: MATERIALS AND METHODS
3.1 Study Area

This study, which focuses on the economic impadiiofate change on farmers’ revenues,
covers all the 35 districts of Togo. At latituddseal2°N, the climate of Togo is tropical; it is
strongly influenced by the West African MonsooncAiding to McSweenegtal (2009),

the rainfall seasons of Togo are controlled bymiszement of the tropical rain belt (also
known as the Intefropical Conversion Zone, ITCZ), which oscillatetween the northern
and southern tropics over the course of a year.dbn@nant wind direction in regions south
of the ITCZ is soutiwesterly, blowing moist air from the Atlantic oritee continent, but the
prevailing winds north of the ITCZ come from thethoeast, bringing hot and dusty air from
the Sahara desert (known as Hemattar). As the ITCZ migrates between its northernmost
and southernmost positions over the course ofelae, yhe regions between these
northernmost and southernmost positions of the I€&aerience a shift between the two
opposing prevailing wind directions. This pattesnaferred to as the West African Monsoon.

In northern Togo, there is a single wet seasonroogubetween May and November,
when the ITCZ is in its northern position and thevailing wind is soutiwesterly, and a dry
season between December and March wheHRl@mmattanwind blows northeasterly. The
northern and central regions receive -30®mm per month in the peak months of the wet
season (July to September).

The southern regions of Togo have two wet seasmesfrom March to July, and a
shorter wet season from September to Novembergmonding to the northern and southern
passages of the ITCZ across the region. In Togoathble lands span approximately 3.6
million of hectares representing 60% of the totabaof the country. However, the cultivated
area is estimated at 1.4 million of hectares thptesent 41% of the cultivated area
mentioned above or 25% of the total area of thentgyKoffi-Tessio, 2013).

The part of this study about farmers’ perceptioms$ adaptations to climate change

was conducted in the Maritime, Plateaux and Savanegions of Togo (Figure 3.1).
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The Maritime and Plateaux regions are locatedenstbuthern part of Togo, while the
Savannah region is at the extreme northern pahteo€ountry. The Maritime region covers
an area of about 6,329 kif land and has 373 people perkiwhereas the Plateaux region
covers 17,323 kfand has 75 people per knThe Savannah region covers 8,688 kiland
and has 99 people per knfrurthermore, according to DSID (2013), 31.1%hef agricultural
population of Togo are living in the Plateaux regig0.75% in the Maritime region and

19.85% in the Savannah region.
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3.2 Methods
3.2.1 Economic Impact of Climate Change on the Renae

This study will use an econometric approach knostha Ricardian method to assess
economic impacts of climate change, which allowscapturing adaptations farmers make in
response to climate change. The Ricardian methsdlcsessfully adopted and used to
analyze the climate sensitivity of agriculture iffetent countries (Brazil, India, USA,
Burkina Faso, Cameroon, Ghana, South Africa anggglrenceforth it will be the basis of

our methodology.
a. Conceptual Framework

The model uses a cross-sectional approach to sigrilyultural production. It is based on
land rent which is seen as the net revenue frombelseuse of land. The land rent would
reflect the net productivity of farm land. Farmw&l(V) consequently reflects the present
value of future net productivity. The principlecaptured by the following equations
(Mendelsohn and Dinar, 2003):

1 Qi =Qi(KiE)

Where, Qis quantity produced of goodsKj; is a vector of production inpugsised
to produce Qand E defines a vector of exogenous environmégtébrs, such as
temperature, precipitation, and soil, charactegzroduction sites. Given a set of factor

prices w, E and Q, cost minimization gives the cost functio
(2) Ci = Ci (Qi)W) E)

Where Cis the cost of production of goods i and is theteeof W (W, ,W,, ..., W, ) factor
prices. Using the cost function & given market prices, profit maximization by famsion a

given site can be specified as:
) Maxm=[PQ; — Ci(Q;,W,E) — P, L]

Where R is annual cost or rent of land at that site, lthis land in hectares, such that under
perfect competition all profits in excess of normeturns to all factors (rents) are driven to

Zero
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If the production of goods i is the best use oflémal given E, the observed market
rent on the land will be equal to the annual nefifs from the production of the goods.
Solving for R from the above equation gives land rent per hedtabe equal to net revenue
per hectare.

_i0i~C; (L WE))

6) P L

The present value of the stream of current anddutevenues gives the land valug V

6 V,=[ P e ®dt

e tdt

o (PiQ;—C{( Qi W,E))
@ =l L(i )

Where:
o= discount rate and t = time and the other paramete defined above.

The farmer is assumed to choose K to maximizeewsnues, given the
characteristics of the farm and market prices. Rivardian model is based on a set of
explanatory variables, such as climate, soils @etbseconomic variables that affect farm

value. The model uses actual observations of farfopnance (Mendelsohn et al., 1994).
b. Empirical Model

The standard Ricardian model relies on a quadi@tmulation of climate, consequently the
net value of the land can be expressed as follben@elsohn and Dinar, 2003):

(8) V = ﬂo‘l‘ﬁlF + ﬁ2F2+ﬁgz+ﬁ4_G+u
Where:

V= land value, F= vector of climate variables, &t sf soil variables, G= set of socio-
economic variableg= coefficient of the variables and u = an erronter

F and B capture respectively linear and quadratic termseimperature and
precipitation. The introduction of quadratic terfostemperature and precipitation is to seek
the likely non-linear shape of the response fumchtietween net revenue and climate. From
past studies one expects that farm revenues wi#t hlashaped or hill shaped relationship
with temperature. When the quadratic term is passitihe net revenue function is U-shaped,
but if the quadratic term is negative, the funct®hill shaped. For each crop, there is a
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known temperature where that crop grows best athesseasons, though the optimal

temperature varies from crop to crop (Mendelsohal.efl994).

From equation (8) we can derive the marginal impéet climate variable {fon farm

revenue evaluated at the mean as follows:
av
©  E|T]=ElBui+ 280+ fi] = Bu, Because (f;) = 0

The change in welfaraU, resulting from a climate change from 0 G, can be measured

as follows (Kurukulasuriya and Mendelsohn, 2006):
(10) AU =V (Cy)-V(Co)

If the change increases net income, it will be fierzd, and if it decreases net income, it will

be harmful.
c. Model Specification for the Study Area

Following Mendelsohn and Dinar (2003), the emplrestimation of the Ricardian model for
Togo draw from the standard model given above (Egu&) to capture the distinctiveness

of the climate in Togo. Therefore, zone dummy J#ea were introduced in the empirical
model for Togo to capture the climate impact acregions. Some variables such as latitude,
altitude, flood-prone and wetland included in thigioal model (Mendelsohatal., 1994)

were not taken into account in the present studgpiree of lack of data. Some socio-
economic variables such as household size, educatti@nment, access to extension services
and livestock ownership which were not includethia original model accounted for the
present study in order to capture farmers’ adaptab climate change. So we opted for the

following functional forms:

» The model without adaptation options, includingyatle physical variables

(temperature, rainfall, and soils) and the zone mies:
Vnet,ha = ﬁ0+ﬁ1Tr+,82(Tr)2+,83Td+ﬁ4(Td)2+ﬁ5Rr+:86(Rr)2+:87Rd+
Bs(R)? + X i by SOUli+D,+ Ui cssses e ssress s snssseseneenenenns (Model 1)

WhereV is farmland net revenu®,andR are the mean temperature and the mean rainfall,
respectively; while represents rainy season ahdry seasongi, bi are the coefficients of
the various variables in the modgb is a constant term and u is an error term. Moredver

are regional dummies (for the 5 administrative @agiin Togo).
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» The model with adaptation options includes the joev variables and farms

characteristics and socio-economic variables.
Vnet,ha = .80+.81Tr+.32 (Tr)z+:83Td+a4(Td)2+a5Rr+:86(Rr)2+:87Rd+

Where Zjis a set of socio-economic characteristics of #mmns§, whilegi, bi andg are
coefficients of the variablegp is a constant term and u is an error term. Thepeddent
variables include the linear and quadratic termzwiperature, rainfall and only the linear

terms of soils and characteristics of the farmssoaio-economic variables.

3.2.2 Farmers’ Perception of Climate Change

The logit model was employed due to the natur&éefdecision variable; whether farmers
perceived change in the temperature and/or théathor not. The logit model considers the
relationship between a binary dependent varialbdesaset of independent variables, whether
binary or continuous. The logistic model is given(Greene, 2003):

(11) log(P;/(1-P;)) = Log (P;) = Bo+B:iX;

Where, Pi is the probability of perceiving a changéhe climate and Xi an independent
variables. Therefore, the paramdiegives the log odds of the dependent variablefania

constant.

The probability of occurrence of an event relatvy@on-occurrence is called odds ratio and
is given by (Greene, 2003):

(12)  P/(1-P) = exp(Bo+BiX:)
3.2.3 Farmers’ Adaptation to Climate Change

Given that we investigate several adaptation clsoittee appropriate econometric model
would, thus, be either a multinomial logit (MNL) orultinomial probit (MNP) regression
model. Both models estimate the effect of explayatariables on a dependent variable
involving multiple choices with unordered responategories. In this study, therefore, an
MNL specification is adopted to model climate chaaglaptation behaviour of farmers
involving discrete dependent variables with muétiphoices. The advantage of the MNL is

that it permits the analysis of decisions acroseertiman two categories, allowing the
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determination of choice probabilities for differerategories (Madalla, 1983; Wooldridge,
2002 cited by Deressa et al, 2009).

The multinomial logit model is useful in investigeg consumer choice behaviour and
has become increasingly popular in marketing rebedetC be a set oh choices,
denoted by {1; 2;...n}. A subject is present with alternatives@and is asked to choose the
most preferred alternative. batbe a covariate vector associated with the altermatThe
multinomial logit model for the choice probabilgiés given by

/

X/

(13) Pr(i|C) = e—”
Yio, e
Wherep is a vector of unknown regression parameters.

Unbiased and consistent parameters estimates Mihemodel in equation (13)
require the assumption of independence of irreleati@rnatives (I1A) to hold. The property
of the logit model whereby;Pxis independent of the remaining probabilities iteckthe
independence from irrelevant alternatives (I1A) (Greene, 2003). Specifically, the 1A
assumption requires that the likelihood of a hookEh using a certain adaptation measure
needs to be independent of other alternative adapieasures used by the same household.
Thus, the IIA assumption involves the independemmhomoscedastic disturbance terms of
the adaptation model in equation (13). The validityhe 11A assumption could be tested
using Hausman'’s specification, which is based erfaiot that if a subset of the choice set is
truly irrelevant, omitting it from the model altager will not change parameter estimates
systematically (Gbetibouo, 2009). Exclusion of thekBoices will be inefficient but will not
lead to inconsistency. But if the remaining oddsgaare not truly independent from these
alternatives, then the parameter estimates obtavhed these choices are included will be
inconsistent (Greene, 2003). The shortcoming af tichnique is that all multinomial
replications of a multivariate choice system hasabfems in interpreting the influence of

explanatory variables on the original separate tdiap measures.

3.3 Data Collection and Analysis
3.3.1 Data Used for the Economic Impact Analysis

The data for the analysis were based on crossesettilata on household and district level.
These include farm household, climate and soila.dat
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» Farm Household Data from 2012 Agricultural Census

Farm household data were obtained from a survegiuziad in the 35 districts of Togo in the
framework of the national agricultural census (RNAL2/2013. The nine crops included are
maize, sorghum, millet, rice, yam, cassava, potaan and groundnut. From this database

were selected:

» Socio-economic characteristics of agricultural lehwdds (household size, gender,
education level, etc.);

» Farm characteristics (cropland, type of crop, lanthership, etc.);

* Factors of production (land, agricultural inpugugoment and tools etc.); and

* Socio-institutional environment of the farmer (@ss to subsidies, access to extension
services etc)

» Climate Data

Climate data were collected from the National Mettmgical Service. These data comprise
monthly average rainfall and mean temperature ft981 to 2013 recorded in the weather
stations: Lomé and Tabligbo in Maritime region; KwatKonda and Atakpamé in the
Plateaux region; Sokodé in the Central region; Ke@ Niamtougou in the Kara region;
Mango and Dapaong in the Savannah region (Figue 3.

The climate data at district level were not avddaindeed, climatic data have to be
related to agro-economic data so that we can @se ih the estimation and simulation of the
Ricardian model. Therefore, it was necessary tdipréhe climatic conditions for each

district thanks to the nearest meteorological @tati

To achieve that goal, we did a spatial interpofaiaalysis by using Geostatistical
Analyst tool in ArcGIS 10.1 software (ESRI). ThedStatistical Analyst provides two groups
of interpolation techniques: deterministic and getistical. All methods rely on the
similarity of nearby sample points to create theage. Deterministic techniques use
mathematical functions for interpolation. Geostatssrelies on both statistical and
mathematical methods which can be used to credtEces and assess the uncertainty of the
predictions. Moreover, IDW (inverse distance wegghtand Spline interpolation tools are
referred to as deterministic interpolation methdmssause they are directly based on the
surrounding measured values or on specified mattiegthformulas that determine the
smoothness of the resulting surface. A second Yaafiinterpolation methods consists of

geostatistical methods, such as Kriging, whichtaged on statistical models that include
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autocorrelation—that is, the statistical relatiaqpstamong the measured points. Because of
this, geostatistical techniques not only have tgability of producing a prediction surface
but also provide some measure of the certaintgouracy of the predictions (ESRI, 2003).
Kriging assumes that the distance or direction betwsample points reflects a spatial
correlation that can be used to explain variatiothe surface. The Kriging tool fits a
mathematical function to a specified number of fmior all points within a specified radius,

to determine the output value for each location.

There are two Kriging methods: ordinary and unigkr®rdinary Kriging is the most
general and widely used of the Kriging methods iarttle default. It assumes the constant
mean is unknown. This is a reasonable assumpti@ssithere is a scientific reason to reject
it. Universal Kriging assumes that there is an odarg trend in the data—for example, a
prevailing wind—and it can be modeled by a deterstimfunction, a polynomial. This
polynomial is subtracted from the original measyseshts, and the autocorrelation is
modeled from the random errors. Once the modd is the random errors and before
making a prediction, the polynomial is added bacthe predictions to give meaningful
results. Universal Kriging should only be used wigen know there is a trend in your data
and you can give a scientific justification to d#ése it. So in our study ordinary Kriging was
used to interpolate temperature and rainfall fbthed districts, where there is no
meteorological statiorin addition, the mathematical forms used to expaggscorrelation in
our study are semivariograms. The semivariogramtions quantify the assumption that
things nearby tend to be more similar than thihgs are farther apart. Semivariograms
measure the strength of statistical correlatioa asiction of distance (Appendices E and F).

To quantify how well the experimental semivariogrand the Kriging estimator
predicts values at non data locations, | compdregarameters of the semivariogram which
are the sill, nagget and range for the existingouarsemivariogram model. Based on these
parameters, the spherical model was the one thed fivell with the temperature data set,
while the exponential model was the most appropfat the rainfall data set. In addition, the
mean absolute error (MAE) was used for the sampqgserand & results were in line with

the previous conclusion.

> Soil Data

Soil data were obtained from Harmonized World $@tabase (HWSD), version 1.2
(FAO/NIASA/ISRIC/ISS-CAS/IRC, 2012) and Nationastitute for Agricultural Research
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(ITRA). The main aim of the HWSD is to be of praaliuse to modellers and serve
perspective studies in agro-ecological zoning, feeclrity, climate change impacts etc. A
resolution of about 1 km (30 arc seconds by 3Gaconds) was selected. Four source
databases were used to compile version 1.2 of W&BI: the European Soil Database
(ESDB), the 1:1 million soil map of China, varioegjional SOTER databases (SOTWIS
Database), and the Soil Map of the World. The gdadaided information on major and
minor soils by districts in the country.

3.3.2 Data Used for Farmers’ Perception and Adaptain Analysis
» Survey Data and Sampling Procedure

The current study is based on a cross-sectionadimid survey data of a total of 320 mixed
crops and livestock farmers collected during thetin@f August 2014 in the Maritime,
Plateaux and Savannah regions of Togo. The samgiens were purposely selected for this
study based on a study by UNDP (2011) entitledrfigact des changements climatiques:
analyse des volets relatifs a la pauvreté au Tdgahis study, they came out with three
vulnerable zones to climate change impact in Tadgese are: zone 1 (Maritime region and
Plateaux region), zone 2 (Central region and Kegson) and zone 3 (Savannah region).
Also, they disclosed that the zone 1 and zone 2nare likely vulnerable to decrease in
rainfall at 2025 horizon whereas, the zone 3 ixeamed with an increase in temperature.
Hence, in order to take into account both concemserease in rainfall and increase in
temperature—the zone 1 and zone 3 were chosehdautrent study. Then two districts
were selected the Maritime region (Zio and Vo)gthfrom the Plateaux region (Haho, Ogou
and Est-Mono) and two from the Savannah region ¢Tamd Kpendjal). Two peasant

associations were selected from every district.

Once the peasant associations were chosen, aPeémtmers were randomly
selected from each peasant association. In addditms, some farmers who are not
members of an association were interviewed in edityict. Finally, 100 farmers were
interviewed in the Savannah region as well aseRlateaux region while 120 were
interviewed in the Maritime region. Besides collegtdata on different socioeconomic and
environmental attributes, the survey also incluisormation on farmers’ perceptions of
climate change and adaptation methods. The survayexrs were asked questions about
their observation in the patterns of temperatukramfall over the past 20 years.
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» Meteorological Data

Monthly rainfall and temperature data were obtdiftem the Togolese main Meteorological
Service in Lomé. The data cover the period fromudayn 1961 to December 2013 for all the

meteorological services located within each ofémegions selected for this study.

3.3.3 Description of the Variables Used in the Styd
a. Variables Used for the Economic Impact Analysis

As discussed earlier, the dependent variable ofrtbéel is net farm revenue per
hectare and gross revenue per hectare, while indepé variables are rainfall, temperature,
soil and other socio-economic characteristics.

> Dependent Variable

The net farm revenue was calculated for each dgrralihousehold and is defined as being
the value of the gross crop revenue minus the egsdgroduction costs. The cost elements
include expenditure on transport, fertilizer, pegt, seeds and hired labor. Other costs
include farmland rent, interest paid on loans amalskehold labour; but these were excluded
from the estimation of the costs, because of tlesipdity of overestimation. | checked
household labour by using household size as a dmxyousehold labour in the model,
while the gross revenue per hectare is the praafuctal harvest and price of the crop

divided by the area in hectares.
» Independent Variables

The explanatory variables include climatic varigbkoil variables, the farms and socio-

economic variables.
e Climatic Variables

These are temperature and rainfall variables gioperature (in degrees Celsius) and rainfall
(in mm/month). In Togo, the climate varies accogdio the southern or northern regions.
Globally, the southern regions (Maritime and Plai@anclude four seasons: the long dry
season from mid-November to March, the long wessedrom March or April to July, the
short dry season from August to September andnbe wet season from September to mid-
November. The central and the northern regionsgl&ad Savannah) are subject to two

seasons: the wet season from May to October andryieeason from November to April.
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The temperature and rainfall normal were computesgt on the various seasons mentioned

above

» Soil Variables

Out of the various soils found in Togo regarding HWSD, about five major were
considered in the present study. The major so# igpprogo is Lixisols (LX): Soils with
subsurface accumulation of low activity clays amghtbase saturation; these represent 50%
of all the soils in the country, according to Sak{@000). Other important ones are Leptosols
(LP): very shallow soils over hard rock or in unsolidated very gravelly material; Nitisols
(NT): deep, dark red, brown or yellow clayey sbis/ing a pronounced shiny, nut-shaped
structure; Plinthosols (PT): wet soils with anweesibly hardening mixture of iron, clay and
qguartz in the subsoil; and Vertisols (VR): darkeagied cracking and swelling clays
(FAO/IIASA/ISRIC/ISS-CAS/IRC, 2012) (Appendix VII).

* Farms Characteristics and Socio-economic Variabge

Factors that explain the variability of agricultuirecomes are the type of agricultural
equipment used and the level of production intécegibn (land, work). Animal traction and
tractor variables are taken into account whenmesto the level of equipment. For the
production factors, we examined the effect of ttaltarea farmed, the household size and
the use of hired labour. These two last variabéegesas proxy to the household labour which

is discarded in calculating the net income. Theesetgd effect of these variables is positive.

The effect of extension on net revenue was examibension services promote the
use of agricultural inputs (fertilizers, pesticidasl improved seeds) in order to increase crop
yield. The expected effect of these variables stpe. In addition, socio-economic
characteristics, such as age, sex and educatiehdéthe household head were included in
the model, implying that such variables do mattegricultural productivity. For instance,
age of the household is often used as a proxyhlarfar farm experience. The key summary

statistics of all the variables used in the estiomaare given in Table A.1 (page 64).

b. Variables Used for Farmers’ Perception and Adaption Analysis
Based on the information about adaptation choiceléa study, the choice sets considered in

the adaptation model include eight variables:

- Crop diversification

- Change in crops
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- Find off-farm jobs

- Change the amount of land
- Change planting dates

- Plant short season variety
- Other

- No adaptation

Based on the review of literature on adoption of tkechnologies and adaptation
studies, a range of household and farm charactsiigtstitutional factors, and other factors
that describe local conditions are hypothesizadftoence farmers’ adaptation choice in the

study area.

Table 3.1 presents the variables hypothesizedterdee adaptation behaviour, a brief
description of each variable, its value, and exguksign in relation to adoption of new

technologies.

- Household Characteristics

The expected result of age is an empirical questiém may find that age negatively
influences the decision to adopt new technolodiaray be that older farmers are more risk-
averse and less likely to be flexible than yourfgemers and thus have a lesser likelihood of
adopting new technologies. In another case, agévabg influences the decision to adopt. It
could also be that older farmers have more expegienfarming and are better able to assess
the characteristics of modern technology than yeuf@ymers, and hence a higher

probability of adopting the practice. Gbetibouo@2)) Ajao and Ogunniyi (2011) and Fosu-
Mensah et al (2010) found that gender did not lzasignificant impact on the probability of

choosing any adaptation technique.

Education is expected to increase one's abilitgteive, decode, and understand
information relevant to making innovative decisigWsozniak, 1984, cited by Gbetibouo,

2009), therefore to increase the probability offohg new technologies.

Gender of the household head is hypothesized lizein¢e the decision to adopt
changes. A number of studies in Africa have shdvah women have lesser access to critical
resources (land and labour), which often undermiineis ability to carry out labour-intensive
agricultural innovations (De Groote and Coulibad®&, Quisumbing et al. 1995, cited by
Gbetibouo, 2009). However, a recent study by Nhéeaa and Hassan (2007), based on
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Southern Africa, finds that female-headed househatd more likely to take up climate

change adaptation methods.

Farming experience increases the probability odkgbf all adaptation options
because experienced farmers have better knowledmfrmation on changes in climatic

conditions and crop (Nhemachena and Hassan, 2007).

- Institutional Factors

Agricultural extension enhances the efficiency @fking adoption decisions. In the world of
less than-perfect information, the introductiomefv technologies creates a demand for
information useful in deciding on adopting new tealogies (Wozniak, 1984, cited by
Gbetibouo, 2009). In the present study, accesstemsion services is hypothesized to
positively affect adoption of adaptation measueceslimate change. Furthermore, in this
specific case of climate change adaptation, adoedsnate information may increase the
likelihood of uptake of adaptation techniques.

As any fixed investment requires the use of ownelsborowed capital, access to
credit commonly is hypothesized to have a posgifect on adaptation behaviour to climate
change. Similarly, land tenure is hypothesizedawmtribute positively to adaptation to
climate change, because landowners tend to adeptashnologies more frequently than
tenants. In fact, the tenants are unsecured regatidé continuation of their activities on the
same land. Consequently, they are reluctant torteddelong term adaptation measures on a
rented land. Belonging to farmers’ association jdus regarding access to information on
climate and extension services. Therefore, memlgensiiarmers’ association is also

hypothesized to have a positive effect on adaptatoalimate change.

- Farm Characteristics

Farm size is hypothesized in the present studgftoence positively adaptation to climate
change, because farmers who have larger land gotteration tend to adopt new technology
easily than small scale farmers. With respect iofexility, farmers’ perception of their

lands to be infertile may be a first step in tha@dtion process. They may, therefore, be

more likely to adopt any adaptation techniques whththelp improve their productivity.

- Other Factors

Other factors such as zone dummy variables fothite® regions of the study area
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were included in order to account for any spedifatitutional arrangements having favoured

farmers to adapt to climate change.

Table 3.1. Description of variables hypothesized taffect adaptation decision by

farmers
VARIABLES DESCRIPTION VALUE Expected sign
Household characteristics
Age Age of the farmer years Cannot be signed a priodr(-)
Gender Gender of the farmer 1= male, 0= female Cannoidreed a priori (+ or -)

Education level Number of years of formal  years Positive
schooling attained by the
farmer

Farming experience  Number of years of farming years Positive
experience of the farmer

Farm characteristics

Farm size Number of hectares of land Hectarage Positive
cultivated by the farmer

Soil fertility Farmer’s own perception of 1= fertile soil, 0= Positive
the fertility level of his/her infertile soll
land

Institutional factors

Access to extension  If the farmer has accessto  1=yes, 0= no Positive
extension services

Access to climate If the farmer gets information 1= yes, 0=no Positive

information about weather, climate from
any source— extension
offers, TV, radio, ete-

Access to credit If the farmer has accessto  1=yes, 0=no Positive
credit from any sources

Land tenure If land used is owned or 1= owned, 0= otherwise  Positive
rented/shared cropped, etc

Farmers’ group If the farmer is a member of a 1= yes, 0= no Positive

membership

farmers’ group

Other factors

Plateaux region

Savannah region
Maritime region

If the farmer farms in the
Plateaux region

If the farmer farms in the
Savannah region

If the farmer farms in the
Maritime region

1=vyes, 0=no

1=vyes, 0=no
1=vyes, 0=no

Cannot be signed a priori (+ or -)

Cannot be signed a priori (+ or -)

Cannot be signed a priori (+ or -)

3.3.4 Specific Climate Change Scenarios for Togo

In the past, several sets of scenarios have beehfasbetter comparisons between various

studies as well as easier communication of modgeilt® including the 1S92 scenarios

28



(Leggett et al., 1992) and, after that, the scesdrom the Special Report on Emission
Scenarios (SRES) (Nakicenovic et al., 2000 as @ifeduuren et al., 2011). As pointed out
by Moss et al. (2010), the research community cdliy@éeeds new scenarios. First, more
detailed information is needed for running the eatrgeneration of climate models than that
provided by any previous scenario sets. Seconck tean increasing interest in scenarios
that explicitly explore the impact of differentrdlate policies in addition to the no-climate-
policy scenarios explored so far (e.g. SRES). Sgelmarios would allow evaluating the
“costs” and “benefits” of long-term climate goafnally, there is also an increasing interest
in exploring the role of adaptation in more detéhe need for new scenarios prompted the
Intergovernmental Panel on Climate Change (IPCC¢doest the scientific communities to
develop a new set of scenarios to facilitate fuaggessment of climate change (IPCC, 2007).
The scientific communities subsequently designptbaess of three phases (Moss et al.,
2010):

* Development of a scenario set containing emissgmmcentration and land-use
trajectories referred to as “representative comaéinh pathways” (RCPSs);

* A parallel development phase with climate modekrand development of new socio-
economic scenarios;

« Afinal integration and dissemination phase.

The main purpose of the first phase (developmetti@RCPSs) is to provide
information on possible development trajectorigstitie main forcing agents of climate
change, consistent with current scenario literaslimving subsequent analysis by both
Climate models (CMs) and Integrated Assessment Mdt&Ms). Climate modellers will
use the time series of future concentrations andsoms of greenhouse gases and air
pollutants and land-use change from the four R@Rsder to conduct new climate model
experiments and produce new climate scenariosragfahe parallel phase. At the same
time, IAMs will explore a range of different tecHagical, socio-economic and policy futures
that could lead to a particular concentration pathand magnitude of climate change. The
development of the RCPs in the first phase thusvaliclimate modellers to proceed with
experiments in parallel to the development of elmisand socio-economic scenarios,

expediting the overall scenario development pro@dsss et al., 2010).

A careful selection process was used to identéyRICPs, using criteria that reflected

the needs of both climate scenario developers aasuTwo important characteristics of
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RCPs are reflected in their names. The word “repmegive” signifies that each of the RCPs
represents a larger set of scenarios in the litezain fact, as a set, the RCPs should be
compatible with the full range of emissions scemsmdvailable in the current scientific
literature, with and without climate policy. The s “concentration pathway” are meant to
emphasize that these RCPs are not the final ndly ifitegrated scenarios (i.e. they are not a
complete package of socio-economic, emission anthté projections), but instead are
internally consistent sets of projections of thenponents of radiative forcing that are used in
subsequent phases. The use of the word “concemttatistead of “emissions” also
emphasizes that concentrations are used as thargrproducts of the RCPs, designed as
input to climate models. Coupled carbon-cycle ctemaodels can then as well calculate
associated emission levels (which can be compar#eetoriginal emissions of the IAMS)
(Hibbardet al. 2007). In total, a set of four pathways were peatl that lead to radiative
forcing levels of 8.5, 6, 4.5 and 2.6 WArby the end of the century. Each of the RCPs sover
the period from 1850 to 2100, and extensions haea liormulated for the period thereafter
(up to 2300) (Vuureet al, 2011).

Table 3.2. Main characteristics of the four RCPs

Name Radiative Concentration of Pathway* Model
forcing GHGs (p.p.m.) providing
RCP
RCP8.5 >8.5Wn1?in 2100 >1,370 CQ-equiv. in Rising MESSAGE
2100
RCP6.0 ~6Wni? ~850 CQ-equiv. (at Stabilization AIM

e stabilization after 2100) without overshoot
at stabilization

after 2100

RCP4.5 ~4.5Wm? at ~650 CQ-equiv. (at Stabilization GCAM
stabilization after stabilization after 2100) without overshoot
2100

RCP2.6 Peak at~3Wn Peak at~490 C£& Peak and decline IMAGE

equiv. before 2100 and

Before 2100 and then declines

then declines

* MESSAGE, Model for Energy Supply Strategy Altermasi and their General Environmental Impact, Intéonal Institute for Applied
Systems Analysis, Austria; AIM, Asia-Pacific Intaggd Model, National Institute for Environmental@es, Japan; GCAM, Global Change
Assessment Model, Pacific Northwest National Latmga USA (previously referred to as MiniCAM); IMAE Integrated Model to Assess
the Global Environment, Netherlands Environmentsde@ssment Agency, The Netherlar@surce: Moss et al, 2010. The value of radiative
forcing for 2011 is 2.84 Wrh
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In this study | chose RCP8.5 scenarios to comfpgetovisional impact of change in
temperature and rainfall on Togolese farmers’ reeenThe reason why | chose RCP8.5 is
that compared to the total set of Representativec@utration Pathways (RCPs), RCP8.5
corresponds to the pathway with the highest greesdigas emissions (Riahidt.al, 2011).
Additionally, it is meaningful to make a previsibased on the worst cases. Based on RCP8.5
anomaly from 6 GCM-ESMs’ (BCC-CSM1, CSIRO-Mk3-6{BSL-CM5A-LR, IPSL-
CM5A-MR, MIROCS5, NorESM1-M) Ensemble mean with 198005 as baseline
downscaled to West Africa, the near surface aiptature will increase by’C and 2C at
horizon 2025 and 2050, respectively in Togo. Asardg to rainfall, there will be a decrease
at 2.5% and 10% rate for horizon 2025 and 2050easgely in Togo (Salackt al, 2013).
(Appendices C and D)

3.3.5 Estimation Procedure

Regarding the economic impact analysis, Excel, SEB&d Stata 11.2 software were used
to analyse the data. Different stages of the estimawere undertaken. At the first stage, |
integrated climatic variables, soils variables aode dummies. By doing so, | defined the

model without adaptation that relies only on phgkfactors (climate and soils).

At the second stage, we integrated into the firstieh characteristics of the farms and
socio-economic variables (household size, farmlasd,of hired labour, livestock ownership
etc.) and the environment in which they evolve éasdo extension service, etc.). These have
enabled me to take farmers’ adaptations into cenatobn and to assess their effects on the
agricultural income. This second stage will leadaithe model with adaptation options.

The impact of outliers, multicollinearity among éxpatory variables, endogeneity
and heteroscedasticity in the error terms are negonometric problems often faced with
cross-sectional data (Benhin, 2006). Given thatdhleonometric issues will likely affect the
robustness of the regression results, some teststieeen done and remedies were undertaken
to correct these problems. White’s general hetexesticity test was performed for
heteroscedasticity; correlation analysis was paréal to examine the association between the
independent variables and to check for multi-celinty among them. Also, Variance
Inflation Factor (VIF) for association among conius explanatory variables and
contingency coefficients for dummy variables wesedifor the same purpose. | checked for
multicollinearity by dropping the most problematariables, especially in cases of detecting
strong collinearity and where the explanatory \#aa do not improve on the model and are
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also insignificant. To correct for heteroscedastitestimated a robust regression instead of
an ordinary regression. Hausman test was perfoondble hypothesized variables to

endogenous. Especially, this test was performeeldoication level.

Regarding farmers’ perceptions and adaptationimeateé change, correlation analysis
was performed to assess the association betweeletieninant factors and to check for
multi-collinearity among them. Also, Variance Irtftan Factor (VIF) for association among
continuous explanatory variables and contingeneffimeents for dummy variables were
used for the same purpose, while descriptive sitatiand binary logistic regression model
were used to analyse the determinant factors ofdes’ perceptions of climate change and
variability in Togo. Finally, a multinomial logitMNL) model was used to assess the

determinant factors of farmers’ adaptation chotoedimate change.
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CHAPTER 4: RESULTS AND DISCUSSIONS

4.1 Economic Impact Analysis
4.1.1 Regression Models

The net revenue and gross revenue were regressgitnaite, soil, and socioeconomic
variables to estimate the best-value function acdifferent districts. There are 1,337 cross-
sectional observations. In order to give a sengbeoimportance of the nonfarm variables in
the model, we began with a model that contains olmyate variable and soil (Table 4.1),

then the one with socio-economic variables (Taki¢. 4

Regarding model validation, | have used the FiSreecor test to validate the total
significance of the models and the Student testhfeindividual significance of each
coefficient. The Fisher-Snedecor test shows treatdhr regressions are all significant at the
1% level making the function to be well behavedwidwer, the coefficient of determination
(R?) shows that the models explain only between 091418d, 13 and 46% of the total
variation, respectively in the net and gross reeeiihatever the model regressions
estimated, a large part of the variation in thecadfural income remains unexplained by the
variables taken into account. However, these maeetsin satisfactory regarding the results
obtained in the framework of similar studies (Gbetio G. and Hassan R., 2005;
Kurukulasuriya et al., 2006; Ouedraogo and Deml2£166).

Tables 4.1&4.2 present the results of the estimatedels. The results show that the
signs of seasonal climatic variables are the samalifthe estimated models, except rainy
season temperaturéhe sign of quadratic terms is opposite to the sigmear terms for the
temperature and the precipitation. The relationbleifgveen net revenue or gross revenue and
temperature or precipitation is therefore non-Im&milarly, the squared terms for most of
the climate variables are significant, implyingtttiee observed relationships are non-linear.
Thus, the first specific objective of our studyttained. This means that temperature or
precipitation affects the net and gross revenusgipely up to a certain level, above which it
causes damage to the crops. However, some of tlagestiterms are positive, especially for
precipitation, implying that there is a minimum @uative level of precipitation and that
either more or less precipitation will increase metenue or gross revenue. The negative
guadratic coefficient implies that there is an wyati level of a climatic variable from which

the value function decreases in both direction.
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Table 4.1. Model without adaptation (soil, climateand zones variables)

COEFFICIENTS

VARIABLES

Net Revenues
(per hectare)

Gross Revenues

(per hectare)

Rainy season precipitation

Rainy season precipitation squared
Dry season precipitation

Dry season precipitation squared
Rainy season temperature

Rainy season temperature squared
Dry season temperature

Dry season temperature squared
Nitisols (NT)

Leptosols (LP)

Vertisols (VR)

Plinthosols (PT)

Plateaux region zone

Central region zone

Kara region zone

Savannah region zone

Constant

R?

N

87.7814)™
_Q:.Q&)**
-40.8282)*
0(@R4)*
-3,9770%)
67.39)
9,707(350)**
-17022)+
49.2050.55)
-3.090.03)
-104.530.98)
290.0@.52)
-185.6618)
96.50.50)
-671.7Z.40)"
-1,107@86)*
-84,107.6.47)

0.09

1,337

13.63(0.47)
-0.04(0.42)
-55.18(4.13)**
0.36(3.93)*
4,312.82(1.18)
-94.19(1.36)
4,420.72(1.34)
-73.14(1.22)
-78.49(0.85)
-70.26(0.60)
-173.42(1.54)
501.6(2.28)*
88.64(0.53)
244.19(1.27)
-1262.9(3.44)
-1,686.193.68)*
-112,470.55.66)™
0.13
1,337

* p<0.05; ** p<0.01

Values in parenthesis are robust t-statistics.
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The regressions show that high rainy season tempesaare harmful to crop production
while high dry season temperatures are benefigial This is because rainy season is the
planting period followed by formative crop growthhile dry season is the period for
ripening and maturing of crops. High rainy seasongeratures would therefore slow down
or destroy crop growth, while higher dry seasongeratures are crucial for ripening and
harvesting. The negative coefficient for the quaditgrm suggests, however, that excess dry
season temperatures would be harmful for crop mtodty. Based on the sign of their
coefficients, rainy season temperatures exhibitshaped relationship with net revenue and
dry season temperatures a hill-shaped one. Thetdfa results further show that climate
exhibits a non-linear relationship with net reveougross revenue, which is consistent with
the available literature (Mendelsohn et al. 19903 Kurukulasuriya and Mendelsohn
2006).

The effects of Leptosols and Vertisols are negdtivéoth models, which can be
explained by the low fertility level and low wat@tention capacity of these types soil in
Togo. Regarding the relevance of various soil typeptosols and Plinthosols affected gross
revenue significantly as shown in the regressiotheimodel with adaptation. In addition,
Lixisols was used as reference type of soil to wiiiee comparisons were made. The results
showed that the gross revenue from Plinthosolsverage for both models is higher than the
ones from other types of soil. Moreover, the net gross revenues from Vertisols and
Nitisols were not significantly different from tlomes from Lixisols.

Contrary to expectation, farm area had positivea$f on farmers’ revenue, because
increasing the area under crops does not necgsisalil increase the yield generally. This is
due to the fact that in Togo, where agriculturexgensive, most farmers do not have the
capacity to manage large areas. This result igadicts what Ouedraogo (2006) found and
which is confirmed by Eid et al (2006). Howeveliisthtrategy helps increase the total
guantity of produce harvested. This explained wig/farm area had positive and significant
effect on farmers’ gross revenue per hectare. fAgebed a priori, livestock ownership was
found to be positively and significantly relatednet and gross revenues because manure
improves soil productivity and the animals provible farmer with transport. This finding is
contrary to what Ouedraogo (2006) found.

The regressions showed that the household sizeegatively related to net and
gross revenues, because there are many dependam@ioductive people in rural area in

Togo (such as children, and the elderly, and siEkgse results mirror Deressa’s (2006)
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findings. As expected, education level and acaesxtiension services turned out positive,
supporting the fact that increased access to a@rteservices and education are associated

with improved farming information.

The regressions equally showed that populationiyeissegatively and significantly
related to net and gross revenues. In other wilndsjenser the district the lower the net or
gross revenues. This could be explained by thetfiattin order to meet higher local
demands for food, farmers increase area under emghshey do not have the capacity to
manage large areas. As a result, the yield wilbgally decrease. These results are conflict
with to Mendelsohn et al's (1994) findings. Moreguée variable sex affects negatively and
significantly the net and gross revenues. Thesdtseseem to be a bit surprising because
men have more capacities than women in terms afwdtyrral activities. This is opposite to
what Thapa and Joshi (2010) found in Nepal. Funtioee, as expected, age is positively and
significantly correlated with net revenue. The olttee more experienced are the farmers in
their activities. This result is similar to Thapadaloshi’'s (2010) findings. Marital status is
not significant at any required level; this vareblas no impact on net or gross revenues. As
for zone dummy variables, the Maritime region wasdias reference region to which the
comparisons were made. The results showed thatdfal&avannah regions were significant
with negative sign. The import is that on averdgeriet and the gross revenues are lower
than the ones in the Maritime region. Whereas #teand gross revenues in Central and
Plateaux regions were not significantly differemanfi the ones in the Maritime region. This
can be explained by the fact that farmers in theitMee, Plateaux and Central regions suffer
less form the harsh climatic conditions than thogke other regions of Togo. In conclusion,
education attainment, livestock ownership, ageeaithof household and population density
and most climate variables explain significantlyadlhrolder farmers’ crop production-based

revenue in Togo. Thus, the second specific objeaifivour study is met.
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Table 4.2. Model with adaptation (including socio-eonomic variables)

VARIABLES

COEFFICIENTS

Net Revenues
(per hectare)

Gross Revenues
per hectare)

Rainy season precipitation

Rainy season precipitation squared
Dry season precipitation

Dry season precipitation squared
Rainy season temperature

Rainy season temperature squared
Dry season temperature

Dry season temperature squared
Nitisols (NT)

Leptosols (LP)

Vertisols (VR)

Plinthosols (PT)

Sex of household head

Age of household head

Marital status of household head
Size of household

Education level of household head
Livestock ownership

Access to extension services
Population density

Population density squared

Crop land area

Plateaux region zone

Central region zone

Kara region zone

Savannah region zone

Constant

R
N

36.84 (1.23)
-0.14 (-1.44)
-58.42 (-3.22)***
0.49 (3.84)%**
-5,079 (-1.40)
83.01(1.21)
12,378 (3.38)***
-217.7 (-3.27)***
114.4 (1.23)
-176.4 (-1.32)
-113.4 (-1.04)
318.0 (1.67)*
-97.01 (-1.80)*
3.13 (1.88)*
-47.24 (-0.50)
-4.45 (-0.69)
33.34 (1.87)*
90.47 (1.89)*
7.63 (0.14)
-5.62 (-4.98)***
0.01 (4.35)%**
22.43 (1.29)
-231.2 (-1.35)
56.01 (0.28)
-772.5 (-2.70)***
-920.3 (-2.45)**
-99,096 (-5.19)***

0.11
1,337

-45.83 (-1.96)**
0.12 (1.63)
-47.05 (-2.33)**
0.33 (2.50)**
4,436 (1.90)*
-92.87 (-2.07)**
1,022 (0.50)
-15.62 (-0.49)
-5.47 (-0.08)
-207.1 (-2.44)**
-64.79 (-0.88)
175.3 (1.79)*
-92.76 (-1.81)*
-0.24 (-0.19)
72.38 (1.07)
-3.14 (-0.57)
24.20 (1.69)*
74.71 (2.36)**
20.65 (0.38)
-2.98 (-4.17)***
0.003 (2.30)**
454.3 (8.137)***
-11.40 (-0.08)
87.75 (0.73)
-648.1 (-2.27)**
-699.4 (-2.18)**
-62,293 (-3.75)***

0.46
1,337

* p<0.05; ** p<0.01
Values in parenthesis are robust t-statistics.
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4.1.2 Marginal Impacts of Climate on Agricultural Revenue and Elasticity

The marginal impact analysis was conducted to agkeseffect of an infinitesimal change in
temperature and rainfall in Togo farming. The Tahl& showed the estimated marginal
impacts of temperature and rainfall on the netgnods revenue. The marginal impacts of the
temperature was calculated on the basis of theagedemperature of the sample in the rainy
season and in the dry season, whereas the mangipatts of the rainfall were calculated on
the basis of the average annual rainfall of thepdanmm the rainy season and in the dry
season. In order to allow easy comparison of matgmnpacts with similar studies

undertaken in other countries, the values were extes from FCFA to 2014 US$ using
exchange rate of 485 FCFA/USS.

In the model without adaptation, the net revenuenpetare went up at an average of
US$3.55 per 1mm increase in rainfall in rainy sea3tis increase in net revenue is similar
to what Ouedraogo (2006) found in Burkina Fasoeviie gross revenue will increase by
US$1.05/ha on average if rainfall increases by lfiomthe same model. The import is that
with slightly higher temperature and available ggation (soil moisture level), crop
germination is enhanced. Surprisingly, 1mm increéasainfall in rainy season was not
auguring well for crop farming regarding the moad&h adaptation in Togo. This is due to
the already high level of rainfall in the countnyrohg this season, as any increasing rainfall
further results in flooding and damage to fieldps:oFurthermore, the results showed that
marginally increasing rainfall during the dry seaseduces the net revenue and the gross
revenue by US$7.08 and US$18.42 without adaptatéspectively, while the decrease will
be US$9.27 and US$14.09 of the net revenue angrtiss revenue, respectively for the
model with adaptation. When adaption measuresafientinto account, the decreases are less
than the case without adaptation measures forewenue. These results are true because
slight increasing precipitation with the already deason may encourage diseases and insect
pests. In addition, it is due to the fact that sropduce water requirement during the
harvesting season and more rainfall damages crapsay reinitiate growth during this

season. These results are in consistency with Be(@606) in Ethiopia.

On the other hand, if the average temperaturesaserby 1°C, the net revenue and
the gross revenue will drop by US$340.33 and US&®for the model without adaptation

in rainy season, respectively.
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Table 4.3. Marginal impact of climate on farmers’ ret and gross revenues in Togo

Model Without Adaptation Model With Adaptation

Net Revenues Gross Revenues Net Revenue Gross Revenues
(per hectare) (per hectare) (per hectare) (per hectare)

Rainy 355 1.05 4.35 8.44
Rainfall SEason — H6.10) (2.7043) (-10.55) (-20.25)**
Dry 7.08 -18.42 9.27 -14.09
SEasoN 3 gy (-3.56)* (-5.55)** (-6.44)"*
Rainy  -340.33 -505.25 -652.67 -365.59
Temperature o oo0"  (-207.22) (149.88) (-244.09) (-355.67)*
Dry 333.14 419.03 490.16 174.29
S€asoN 520,91y (158.22) (-638.67)* (-49.47)

** Significant at 5% level ***Significant at 1% les
() number in bracket represents the elastafiglimate variables.

The inclusion of adaptation-related variables ladisar aggravated the negative effects of
increased temperature because the falls in theemehue increased from the latter to
US$652.67. This indicates that though the adaptagtated variables are important in
helping to control adverse climate effects, if tlaeg not properly implemented they may
rather aggravate the problem. And one importanalse to mention is extension services,
which, if not properly undertaken, may worsen thabem. Then, the third specific objective
of our study is achieved.

Regarding the dry season, marginally increasing&ature would lead to an
increase in the net revenue and gross revenuesatasgy for both models. The import is
that during dry season, a higher temperature isfi@al for harvesting. It is important that
crops have finished their growth processes by dagan, and a higher temperature quickly
dries up the crops and facilitates harvesting. Moeg, this means that the farmers who take
into account adaptation measures are less vulreetalthe effects of climatic changes,
because they integrate the climatic risks bettdrtake enough precautions to protect their

revenues

With respect to the elasticity of the climatic \edolies, the results showed that a 1%

increase in rainfall would lead to a 26.10 % arkD26 increase in the net revenue and gross
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revenue in the model without adaptation, respelgtivehile a similar change in rainfall

would lead to only 10.55 % and 20.25 % fall in tie revenue and gross revenue in the
model with adaptation, respectively. In dry seassimng the model without adaptation, gross
revenue is elastic (-3.56). Similarly, the net raue s elastic (-3.94) for the same model.
Concerning the temperature, the net revenue angrtss revenue for both models are highly
elastic. These results show that higher temperatuilenot augur well for productivity
(elasticity is negative) and are consistent withidaullasuriya and Mendelsohn (2006): global
warming is likely to have devastating effects on@dture, unless farmers take adaptation
measures to counter the impact of climate chamgaddlition, these results confirm the one
found by Kabubo-Mariara and Karanja (2006) in Kefgrasimilar a study.

Therefore, the policy lesson for adaptation isateetadvantage of the positive effects
of climate change while reducing the negative olvethe Table 4.3, one would therefore
expect that including effective adaptation-relatadables (socio-economic variables) will
increase the magnitude of the relationship betvedierate variables and crop revenues for
positive values while reducing the negative valUdss seems to be true for only dry season,
which implies that for the country as whole, ad&ptavariables may help reduce the
negative effects and take advantage of the posfieets of high temperatures and

marginally increase in rainfall.

4.1.3 Forecasts of Climate Impacts on Agriculturen Togo

To estimate the impact of climate change on thealgural income, we have made
simulations based on scenarios specific to Togowe@sdously discussed in this paper. We
then examined the consequences of these climatgelsgenarios on net and gross revenues
in 2025 and 2050, using the estimated model iretadll and 4.2. This is because the
prediction relates mainly to climate variables aontithe other variables in the model as they
stand for the interest ones. Based on the resulkeeanodels run for the specific scenarios of
Togo (Representative Concentration Pathway (RC3H))r8leased by IPCC in 2013, we
considered an increased temperatures°@f ih 2025 and 2°C in 2050 and a fall in rainfdll o
2.5% in 2025 and 10% in 2050 (Salastlkal, 2013). (Appendices C and D)
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Table 4.4. Impacts from climate scenarios on farmet net and gross revenues in Togo

Model Without Adaptation Model With Adaptation

Net Revenues Gross Revenues Net Revenues Gross Revenues
(per hectare) (per hectare) (per hectare) (per hectare)

Scenarios

Temperature warming (1 -179.25 -462.90 -339.41 -453.05
©) (-19.63) (-37.78) (-32.25) (-117.07)
Temperature warming -566.27 -126.46 -945.09 -112.69
(2°C) (-62.02) (-102.86) (-89.81) (-89.59)
Rainfall decreasing -7.44 18.02 27.28 54.40
(2.5%) (-0.82) (1.47) (2.59) (14.05)
Rainfall decreasing -71.65 71.83 95.28 245.34
(10%) (-7.85) (5.86) (9.05) (63.39)
Temperature warming (1 -186.69 -444 .88 -312.13 -398.64
dag;ilﬁg'gaét ) (-20.45) (-36.31) (-29.66) (-103.01)
Temperature warming -637.91 -118.63 -849.82 -875.36
(2°C) and Rainfall (-69.87) (-97.00) (-80.75) (-226.19)

decreasing (10%)

() Number in bracket represents the Percer@igages

As it is obvious from the table 4.4, the resuldicate that an increase in temperature

of 1°C will reduce agricultural net revenue andsgreevenue by US$179.25 and US$462.90

for the model without adaptation, respectively.iditar change in the temperature would

lead to a drop in net revenue and gross revenl#S$339.41 and US$453.05 for the model

with adaptation, respectively. Similarly, a losdU8$566.27 and US$126.46 in net revenue

and gross revenue respectively in the model withdaptation will be expected with a 2°C

increase in temperature in Togo. In other word€, ibtrease in temperature will lead to a

decrease by 19.63% and 37.78% in 2025 in net revand gross revenue respectively

without adaptation, while a loss of 62.02% and 86% in 2050 in net revenue and gross

revenue respectively in the model without adaptatvdl be expected. In 2050, the

introduction of adaptation-related variables in thedel will reduce the fall to 89.59% in the

gross revenue. These results corroborate Kurukuyasand Mendelsohn’s (2006) findings:

41



global warming is likely to have devastating effech agriculture, unless farmers take

adaptation measures to counter the impact of olirolaange.

With respect to rainfall, an increase in the rdiifg 2.5% in 2025 will lead to 0.82%
fall in the net revenue and a gain of 1.47% ingfress revenue. While in the same year, the
introduction of adaptation-related variables weldl to a gain of 2.59% and 4.97% in the net
revenue and gross revenue, respectively. The ingptrat farmers have undertaken
adaptation measures to deal with harsh climaticitioms in order to improve their incomes.
Moreover, similar results were found in 2050, whef&85% fall in the net revenue and
5.86% gain in the gross revenue were expectedMith increase in the rainfall. In the same
year and with a similar change in the rainfall, 3®and 63.39% gain in the net revenue and

gross revenue were expected for the model withtatlap, respectively.

Furthermore, the study examined the total effetsmultaneously changing both
temperature and precipitation on the net revendelaagross revenue (last two rows in table
4.4). The results showed harmful effects on thaeetnue and the gross revenue for all the
two models considered in this study. The prediatgohct of temperature and rainfall on

farmers’ revenue been determined above, the fapebific objective of our study is met.

4.2 Perception Analysis

4.2.1 Comparison between Farmers’ Perceptions of @nges in Climate and

Meteorological Stations’ Recorded Data

In order to assess farmers’ perceptions of climht:nge and variability, we first look at how
climate data recorded at meteorological statiortberstudy area evolved (linear trends and
variability) and how farmers perceived these chanfjeaddition, tests were undertaken for
linear trend in annual means of temperature arad éminual rainfall. Descriptive statistics
based on summary counts of the questionnaire gteiatre used to provide insights into
producers’ perceptions of climate change and vditialdn the literature several studies have
undertaken similar type of analysis. For instastady by Maddison (2006), using data for
over 9,500 farmers from eleven African countriesnpared the probability that the climate
has changed, as revealed by an analysis of thstist@trecord, with the proportion of
individuals who believe that such a change hafaadty occurred to assess farmers’
perceptions of climatic change. Gbetibouo (200@)nexied how farmers’ perceptions
correspond with climate data recorded at meteorcdbgtations in the Limpopo River Basin
and analysed farmers’ adaptation responses toteiamange and variability. They
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concluded that farmers’ perceptions of climate ¢gjeaare in line with the climatic data
records. Another study by Fosu-Mensah et al. (2@6$6¢ssed farmers’ perception of changes
in temperature and rainfall in the Sekyedumaseidish Ghana. They observed that more
than 80 % of farmers interviewed perceived an iasirgy temperature and a decreasing
precipitation. In addition, they concluded thatseesults are consistent with the trend

analysis of historical climate data of Sekyedundistict especially on temperature.

a. Temperature Changes

Across the three regions, about 85% of the farnmtesviewed perceived changes in
temperature. In the Maritime region, this perceetizg82.2, while in the Plateaux region it is
68.3 and 64 in Savannah region. About 72% of thedas perceived increases in
temperature, while only 12.85% noticed the contrargecrease in temperature. However,

9.72% of the farmers did not perceive any chandgermperature (Figure 4.3).
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Figure 4.1. Farmers’ perceptions of changes in tengpature

The statistical record of temperature data frontlinee regions between 1961 and
2013 shows an increasing trends which are all Gogmt at 1% level. In 53 years, the
temperature has risen by 1.7 degree Celsius iM#rgime region, 0.65 degree Celsius in the
Plateaux region and 1.5 degree Celsius in the $abaregion (Table 4.5 and Figure 4.4).

Thus, farmers’ perceptions appear to be in accaelaith the statistical record in the three
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regions. So, smallholder farmers in the aforemewetioregions are well aware about change

in the temperature.
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Figure 4.2. Linear trend of temperature data: 19612013
Table 4.5. Analysis of Temperature Data from 19610t2013
Yearly Temperature Maritime Plateaux Savannah
Region Region Region
Mean (°C) 27.54 25.45 28.27
Standard deviation CC) 0.574 0.405 0.560
Minimum temperature (°C) 26.4 24.5 27.1
Maximum temperature °C) 28.8 26.2 29.5
Trend (°Clyear) 0.0334*** 0.0125*** 0.0286***
Correlation 0.8813 0.4882 0.7907
Total change calculated from 1.737 0.650 1.487

the trend (°C /53 years)

***P <0,01 Student’s t-test, N=53.

Total change is the difference between the trer@lalue of the first and last year.
b. Rainfall Changes
In total, 85.58% of the respondents observed cleamgeinfall patterns over the past 20
years. The distribution of the farmers’ percepticggarding changes in rainfall patterns

revealed that 74.61% perceived an increase inalhinfid 37% perceived a decrease in

rainfall. In the Maritime region, 94% of farmersrpeived decrease in rainfall, while in the
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Plateaux region it is 62% and 63% in the Savanaeglon. Despite higher perception of the
farmers interviewed on changes in rainfall patte@s8% of the farmers interviewed did not

see any change in rainfall patterns (Figure 4.5).
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Figure 4.3. Farmers' perceptions of changes in rafall

The recorded data on rainfall from 1961 to 2013as#tba slight decreasing trends for
Maritime and Plateaux regions while for savannaorg the trend is slightly increasing. In
addition, all these trends are not statisticaiyngicant. The correlation between rainfall and
time is also insignificant. Indeed, there is a éav@riability in the amount of precipitation
from year to year. The same pattern is observeaah district (Table 4.6). Therefore,
farmers’ perceptions of a reduction in rainfall ptlee past 20 years is explained by the fact
that, as Maddison (2006) noticed, some farmersepiaare weight on recent information

than is efficient
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Table 4.6. Analysis of the rainfall data from 19610 2013

Yearly Total Rainfall Maritime Plateaux Savannah
Region Region Region
Mean (mm) 942.7 1514.2 1054.4
Standard deviation (mm) 193.06 263.86 120.99
Minimum rainfall (mm) 557.1 982.6 808.6
Maximum rainfall (mm) 1528.2 2150.7 1323.4
Trend (mm/year) -1.142 -2.625 0.181
Correlation -0.0913 -0.1537 0.0231
Total change calculated from -59.38 -136.52 9.42
the trend (mm /53 years)
Total change calculated from -6.11 -8.63 0.89

the trend (%)

Total change is the difference between the trem&\alue of the first and last year
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Figure 4.4. Rainfall linear trend 1961-2013
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4.2.2 Logistic Regression of Determinants of Percepn of Changes in the Climate

Table 4.7 presents the correlations between aNdhi@bles hypothesized to influence
farmers’ perception of changes in the climate: ggeder, education, farming experience,
farm size, land tenure, soil fertility, access xteasion services, access to credit, access to
climate information and farmers’ group membersAimong the variables, the age of the
farmer was found to be correlated inversely withadion p=-0.035) and highly positive
and significant at p<0.01 level of significancewiarming experience€0.825). By the
same token, there has been a strong positive atisocbetween gender and land tenure
p<0.01. Most importantly, the analysis showed thatcorrelation between age and farming
experience is higher than 0.80, which is a strawdgcation of multi-collinearity between the
two variables. Thus, the variable age was droppzd the model. In addition, table A.2
(Appendix 1) provides the summary statistics of ithdependent variables included in the

analysis.

The independent variables are gender, educationjrfg experience, farm size, land
tenure, soil fertility, access to extension sersj@ecess to climate information, access to
credit, farmers’ group membership, and region dunfonylateaux and Savannah with

Maritime being the reference region for comparison.
The results displayed in table 4.8 below showeddhewing:

- Farming experience seems to decrease the prapahdt the farmer will perceive long-term
changes in rainfall and temperature. Thus, edudateters are more likely to see that rainfall
does not have a significant trend and less likelpdrceive that temperature does not have a

significant trend over the long run.

- Male farmers are more likely to perceive chamggmperature than female farmers;

- Owning a farm land, on the other hand, incredasesprobability of perceiving change in

temperature;

- The results also confirm that being in the Platel@egion or the Savannah Region decreases
the probability of perceiving climate change (impeerature and rainfall) than being in the

Maritime region;

- Also, farm size, access to credit, access tonskia services, being member of farmers’
association, and soil fertility influence positiyéarmers’ perception of changes in the climate

of the study area.
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Table 4.7. Correlation matrix of the independent vaables

Gender Age Education  Farming Farm Land Saoll Extension  Credit Farmers’  Climate
experience size tenure fertility group information
Gender 1.0000
Age -0.0959  1.0000
Education 0.1767* -0.0351  1.0000
Farmipg -0.1311* 0.8253* -0.0466 1.0000
experience
Farm size -0.0186  0.1274* 0.0912 0.1372* 1.0000
Land tenure 0.3535* 0.0445 -0.0639 -0.0420 - 1.0000
0.1305*
Soil fertility 0.1150* 0.0485 -0.0470 0.0343 -0.0210 0.2594* 10000
Extension -0.0292 0.1840* 0.0252 0.2648* 0.2433* -0.0798 50® 1.0000
Credit -0.0348 0.1524* 0.1183* 0.1294* 0.1294* -0.0003 03%2 0.3576* 1.0000
Farmers’ Group 0.2197* -0.0046  0.0047 -0.0957 -0.1052 0.2409* 68L0 0.0496 0.1057 1.0000
_leimatet_ 0.0839 0.0860 0.0734 0.1098 0.2011* 0.0008 0.07@83085*  0.1534* -0.0202 1.0000
information

*p<.01. All correlations are Pearson’s r.
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Table 4.8. Logistic regression of farmers' percepdin of changes in the climate in the

study area
COEFFICIENTS(in log-odds unit )
VARIABLES Perceive change Perceive change in
in temperature rainfall

Gender 0.80* (1.73) 0.41 (0.95)
Education level -0.06 (-1.04) -0.02 (-0.40)
Farming experience -0.13** (-2.29) -0.19*** (-3.41)
Farm size 0.32(0.91) 0.17 (0.59)
Land tenure 1.22*** (3.00) 0.17 (0.45)
Soil fertility 0.47 (0.75) 0.82 (1.52)
Access to extension 0.60(1.19) 0.33(0.74)
Access to credit 0.07 (0.11) -0.45 (-0.79)
Farmers’ group membership 0.33(0.76) 0.50 (1.15)
Access to climate information -0.58 (-1.44) -0.54 (-1.35)
Plateaux region -2.52** (-2.54) -3.14*** (-3.48)
Savannah region -3.04*** (-3.30) -3.40*** (-3.89)
Constant 0.12 (0.09) 1.22 (0.83)
Observations 316 316

*** n<0.01, ** p<0.05, * p<0.1
Robust z-statistics in parentheses

Considering the results of farmers’ perceptiontadrgyes in temperature and rainfall

discussed above, the part of the fifth specifieotiye on perception is achieved.

4.3 Farmers’ Adaptation Analysis

4.3.1 Adaptation Strategies by Farmers in the Facef Increased Temperature, Reduced

Rainfall and Disrupted Rainfall Patterns

The adaptation methods employed by farmers inttheysarea are indicated in table 4.9.

Even though a large number of farmers interviewattcad changes in climate, almost 42%

did not undertake any remedial actions. Indeecers@daptation measures could be

identified in the study area as farmers’ respots@screased temperature, reduced rainfall

and disrupted rainfall patterns. Planting shorseaavariety (20.38%) and changing crop
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planting dates (17.87%) were identified as the maglaptation strategies to climate change
in the study area, while only a few (9.72%) opteddrop diversification. As indicated,
planting short season variety is most commonly usethod, whereas changing type of crops
is the least practised among the major adaptatethads identified in the study area. Greater
use of planting short varieties as an adaptatioogecould be associated with the access to
extension services (ICAT and NGOs) and the ongBiNGASA project in agriculture sector

in Togo that provided farmers with improved seeds.

Table 4.9. Adaptations strategies in response to ahge in temperature and
precipitation (%)

Adaptation strategies Increase in temperature and
Decrease in rainfall (%)

Crop diversification 9.72
Change in crops 0.94
Find off-farm jobs 3.76
Change the amount of land 1.88
Change planting dates 17.87
Plant short season variety 20.38
Other 3.76
No adaptation 41.69
Total 100

4.3.2 Determinants of Farmers’ Adaptation Choices

In this section, the MNL model for adaptation clesi¢o climate change in the study area was
estimated by using the statistical software Stataion 11.2. The MNL adaptation model

was run and tested for the IIA assumption, usiegHhusman specification test. As a result,
the test failed to reject the null hypothesis afdpendence of odds of other alternative
(Appendix 1), suggesting there is no evidence @asjaine correct specification for the
adaptation model. Therefore, the application ofidL specification to the data set for
modelling climate change adaptation behaviour ohéas is justified. The estimation of the
multinomial logit model for this study was underakby normalizing one category, which is
normally referred to as the “reference state,’tloe “base category.” In this analysis, the

first category (no adaptation) is the referenceesfehus, Table 4.10 displays the estimated

coefficients which should be compared with the ldegory that is “no adaptation”. The
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likelihood ratio statistics as indicated 3= 301.39 are highly significant at 1%, suggesting

strong explanatory power of the model.
The following summarizes results from the MNL arsédy

Education levelof the farmers increases the probability of uptakadaption options

climate change. As can be observed in Table 4dui;aion level significantly increases
planting short season variety as an adaptationadeththe study area. Moreover, the
coefficient of change in crops is positive indiogtia positive relationship between education
and change in crops as adaptation method to cliaingtege. These results are consistent with
findings by Deressa et al. (2009) and Ajao and @gui2011).

Farmer experienceincreases the probability of uptake of crop difeation, changing
planting dates and planting short season varieadaptation measures. Experienced farmers
are more likely to adopt changing planting dates @lanting short season variety and less
likely to diversify crops in the study area. Thessults confirm the findings of Nhemachena
and Hassan (2007), Gbetibouo (2009) and Ajao anthfigi (2011). The import is that

highly experienced farmers are likely to have miofermation and knowledge on changes in
climatic conditions. Experienced farmers are uguathders and progressive farmers in rural
communities and these can be targeted in promatiagtation management to other farmers

who do not have such experience and are not ygtiagao changing climatic conditions.

Access to extension servicesgnificantly increases the probability of takimg adaptation
options in the study area. Indeed, farmers who aacess to extension services are more
likely to adopt planting short season variety asskllikely to diversify crops and to change
planting dates as adaptation options. Extensioncgs provide an important source of
information on climate change as well as agricaltproduction and management practices.
Farmers who have significant extension contacte leter chances to be aware of changing
climatic conditions and also of the various manageinpractices that they can use to adapt to

changes in climatic conditions.

Access to credit As expected, the results show that having adocesiedit increases the
propensity of farmers to adapt to climate changemers who have access to credit are more
likely to adopt planting short season variety asskllikely to find off-farm jobs in the study

area.
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Table 4.10. Multinomial logit (MNL) adaptation modd

COEFFICIENTS (in log-odds unit)

Crop Changein  Find Changed Changed Plant short Others
VARIABLES diversific crops off-farm the amount planting season variety
ation jobs of land date
Gender 0.12 0.21 0.37 -0.97 -0.54 -0.72 0.05
(0.21) (0.14) (0.50) (-0.93) (-1.09) (-1.51) (0.06
Education level -0.04 0.00 -0.11 -0.18 -0.03 0.13*  -0.17
(-0.51) (0.02) (-0.85) (-0.75) (-0.45) (2.02) (eY4)
Farming experience 0.09* 0.13 0.03 -0.11 0.11%** (0%} 0.03
(1.94) (0.78) (0.54) (-0.62) (2.69) (2.20) (0.42)
Farm size 0.32 -0.68 -0.63 0.41 0.37 0.37 -0.50
(1.26) (-0.39) (-0.85) (0.86) (1.53) (1.57) (-059
Land tenure -1.14%* -1.45 -2.17%* 0.99 -1.31%** 45 -0.79
(-2.07) (-0.77) (-2.55) (0.95) (-2.70) (-0.97) .00)
Soil fertility -2.4°7** -15.04 0.79 -16.98 -1.54** 0-76 0.77
(-2.22) (-0.01) (2.07) (-0.00) (-2.36) (-1.38) 13)
Access to extension 1.00* 1.84 -0.40 0.81 0.82* 479 -0.25
(1.82) (0.88) (-0.45) (0.79) (1.69) (4.14) (-0.30)
Access to credit 0.43 2.80 2,41 -16.02 0.95 163* 1.68*
(0.50) (1.17) (2.48) (-0.00) (1.32) (2.61) (1.66)
Farmers’ group -2.32%** -18.36 -0.52 -0.22 -2.23%** -1.01* 16.22
membership
(-4.09) (-0.01) (-0.56) (-0.19) (-4.27) (-1.85) .qo)
Access to climate 0.84 1.76 0.43 0.55 2.65%** 1.93%** 0.15
information
(1.51) (0.82) (0.55) (0.54) (5.44) (4.34) (0.20)
Constant -2.40** -0.16 -3.82%* 0.08 -1.59* -2.43**  -18.29
(-2.29) (-0.05) (-2.35) (0.03) (-1.65) (-2.53) 00)
Observations 316 316 316 316 316 316 316

% p<0.01, ** p<0.05, * p<0.1

Z-statistics in parentheses

The import is that poverty or lack of financial oesces is one of the main constraints to

adjustment to climate change and thus having atoasedit counteracts these constraints.

Also, with more financial and other resources atrttisposal, farmers are able to change

their management practices in response to chamgjmgtic conditions.

Access to climate information As expected, access to information on climatengba

(temperature and rainfall) has a significant ansitpe impact on farmers’ adopting

changing planting dates and planting short seaadeties. These results are in line with

findings by Ajao and Ogunniyi (2011) and Deressal e{2009). Moreover, almost all of the

coefficients of access to climate information apsipve across all the manifold adaptation

52



options in the study area indicating a positivatiehship between climate information and

adaptation to climate change.

Surprisingly, land tenure, soil fertility and memndi@p in farmers’ group have decreased the
farmers’ propensity to adopt crop diversificatioff:-farm jobs, planting short season variety
and changing planting dates as adaptation measuciimate change in the study area. So,
the above discussion on farmers’ adaptation togésim temperature and rainfall constitutes

the achievement of the part of the fifth specifigextive of our study on adaptation.
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CHAPTER 5: CONCLUSIONS AND POLICY RECOMMENDATIONS

As mentioned earlier, this study is an attempts&eas the economic impact of
climate change on crop production in Togo usingRfeardian model. It tested two models:
model without adaptation and model with adaptathiomual net revenue and gross revenue
per hectare were regressed on climate, socioecarenmdi soil variables. The regression
results were then applied to possible future Remtasive Concentration Pathways (RCP8.5)

scenarios for Togo on temperature and rainfall.

The primary data were obtained from a survey cotedlin the 35 districts of Togo in
the framework of the national agricultural cendRBlA) 2012/2013 by the National
Agricultural Statistics Service (DSID). The clinatiata came from the National
Meteorological Service of Togo (DNM) and covered geriod from 1961 to 2012, while soil
data were obtained from Harmonized World Soil Dasg(HWSD), version 1.2 (2012).

The empirical results from this study provide cerevidence that climate affects
crop net revenue in Togo. Results also suggestlimadte has a nonlinear effect on net
revenue from crop production. In rainy seasonntilaeginal impact of temperature on
revenue shows that if the temperature increasds®ythe net crop revenue falls by
US$340.33/ha, while, on the other hand, if thefedlimcreases by 1 mm, the net revenue
increases by US$3.55/ha. Furthermore, the redultwesd that marginally increasing rainfall
during the dry season reduces the net revenue By 0&ha, whereas in dry season,

marginally increasing temperature would lead tangrease in the net revenue.

The results of Representative Concentration PateREP8.5) scenarios indicate
that increasing temperature, as well as the simeidtas effects of a reducing rainfall and an
increasing temperature, reduces crop revenue wbstantially in magnitude. A warming of
temperature by 2°C will lead to a decrease by 62.02the net revenue in 2050, whereas
simultaneously an increase of 2°C in the tempegadud a decrease of 10% in the rainfall

will lead to 80.75% fall in the net revenue in 2060rogo.

The study reveals that some variables used inetiession are significant and have a
positive effect on net revenue. For instance, tvesownership is significant and has a
positive effect, while education level, accessxieesion services and farm size have a
positive effect but are not significant on the retenue. The above-mentioned variables can

be applied as adaptation options.

54



In this study, we also analysed the factors &figdhe farmers’ perceptions and
choice of adaptation methods to climate changedase cross-sectional survey data
collected during the 2013/2014 agricultural productear in the Maritime, Plateau and
Savannah regions of Togo. The surveyed farmers asked if they have observed any
change in the temperature and rainfall over thé P@agyears. As a result, about 72% of the
farmers perceived increases in temperature whitetal, 85.58% of the respondents
observed changes in rainfall patterns over the 2agears. These results are in line with the
climatic data records in the study area becausst#tistical analysis of temperature data
from 1961 to 2013 showed an increasing trend irthihee regions and rainfall data showed
decreasing trends for the Maritime and Plateautorsgwhile for Savannah region, the trend

is slightly increasing.

Regarding the determinants of farmers’ perceptairdimate change, male farmers
are more likely to perceive change in temperatoaa females; owning a farm land, on the
other hand, increases the probability of perceidngnge in temperature; and being in the
Plateaux region or Savannah region decreasesabalplity of perceiving climate change

(in temperature and rainfall) than being in the itiiae region.

Although farmers appear to be well aware of clinchtange, few seem to actively
undertake adaptation measures to counteract clichaigge. Indeed, almost 42% did not
undertake any remedial actions. The adaptatiomogtbserved in the study area are
manifold but the main adaptation strategies of &aamdentified include planting short
season variety and changing crop planting dates.

The study uses the multinomial logit (MNL) modelassess the factors influencing
farmers’ choices of climate change and variabdiaptation methods. In the model, the
dependent variables include different adaptatiothods and the explanatory variables
include household, farm and institutional charastiess and other factors. The results
highlighted that education level, farming expergraccess to extension services, access to
credit and access to climate information are tletofa that enhance farmers’ adaptive
capacity to climate change and variability.

This study demonstrates the importance of goverhp@ities and strategic
investment plans that support improved accesdrttatd forecasting and dissemination,
ensure that farmers have access to affordablets@uemes to increase their ability and

flexibility to adopt adaptation measures in resgotaosthe forecasted climate conditions.
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Moreover, given that extension services are inadteqin the study area, improving the
knowledge and skills of extension service persoandlmaking the extension services more
accessible to farmers appear to be some of thelkayents of a fruitful adaptation program.
It is also important to enhance Research and Dpuaot and introduce new crops/varieties
that will give farmers a hand in adapting to hastmatic conditions. Finally, investment in
education systems and creation of off-farm job ofyities in the rural areas can be
underlined as a policy option regarding reductibthe adverse impacts of climate change in

the study area.

There are a number of caveats that readers sheefalik mind when interpreting the
results of this study. First, the cross sectiomalysis is vulnerable to omitted variables;
second, the analysis did not consider carbonit&tibn which is predicted to increase future
crop productivity; third, the analysis did not inde changes in prices; and fourth, the
analysis did not take into account future techniglmigchanges. Then, the study considered
technology to be a constant and in predicting irntgpatclimate change did not take into
account farmers’ ongoing adaptations. The studgddat crops overall and did not examine
the impact crop by crop. Future studies should taketerest in the mono crop model. This
would permit researchers to target those crops mygsirtant for the country, for example

maize and sorghum that are staple food in Togo.
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APPENDICES

APPENDIX I: Summary Statistics
Table A.1. Summary statistics of variables used ithe Ricardian model

Variables N Mean Std. Dev. Min Max

Crop Net revenues(US$) 1337 511.152 781.49 -568.54 4097.01
Crop Gross Revenues(US$) 1337 766.34 873.67 17.37 9379.08
Rainy season precipitation(mm) 1337 152.00 25.97 111.82 205.30
Rainy season precipitation 1337 23777.95 7961.97 12503.49 42147.57
squared(mm)

Dry season precipitation(mm) 1337 49.39 25.74 13.42 105.75
Dry season precipitation 1337 3101.33 2867.74 180.01 11183.66
squared(mm)

Rainy season temperaturéiC) 1337 26.63 0.62 23.98 27.71
Rainy season temperature 1337 709.65 32.41 575.10 768.07
squared(C)

Dry season temperature‘(C) 1337 27.43 0.95 24.45 29.48
Dry season temperature 1337 753.22 51.79 597.99 869.09
squared(C)

Nitisols(0/1) 1337 0.37 0.48 0 1
Lixisols(0/1) 1337 0.51 0.50 0 1
Leptosols(0/1) 1337 0.04 0.19 0 1
Vertisols(0/1) 1337 0.04 0.21 0 1
Plinthosols(0/1) 1337 0.03 0.17 0 1

Sex of household head(0/1) 1337 0.80 0.40 0 1

Age of household head(Years) 1337 46.65 14.78 15 99
Marital status of household 1337 0.96 0.19 0 1
head(0/1)

Size of household 1337 5.18 3.42 1 15
Education level of household head 1337 1.52 1.39 0 6
Livestock ownership(0/1) 1337 0.73 0.44 0 1

Access to extension services(0/1) 1337 0.21 0.41 0 1
Population density 1337 124.30 91.40 28.13 376.69
Population density squared 1337 23796.42 34533.42 791.22 141896.50
Crop land area (ha) 1337 0.50 1.19 0.01 4.58

64



Table A.2. Summary statistics of the variables inte logistic regression

Variables Observati Mean Standard Minimum Maximum
ons deviation
Age 319 38.71 11.65 17 85
Education level 319 2.16 3.15 0 14
Farming experience 317 16.18 10.05 1 60
Farm size 319 T7 .98 .06 8
Choices Frequency Percent cumulative
Gender 0 109 34.17 34.17
1 210 65.83 100
Land tenure 0 153 47.96 47.96
1 166 52.04 100
Soll fertility 0 258 80.88 80.88
1 61 19.12 100
Access to extension 0 182 57.05 57.05
1 137 42.95 100
Access to credit 0 269 84.33 84.33
1 50 15.67 100
Farmers’ group 0 78 24.53 24.53
membership 1 240 75.47 100
Access to climate 0 189 59.43 59.43
information 1 129 40.57 100
Maritime region 0 201 63.01 63.01
1 118 36.99 100
Plateau region 0 218 68.34 68.34
1 101 31.66 100
Savannah region 0 219 68.65 68.65
1 100 31.35 100
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APPENDIX II: Hausman Tests of IIA Assumption (MNL M odel)

%% Hausman tests of IIA assumption (N=316)

Ho: odds(Outcome-] vs Outcome-K) are independent of other alternatives.

omitted chi2 df P>chi2 evidence
crdv 0.000 4 1.000 for Ho
cinc 0.000 2 1.000 for Ho
offj 0.000 4 1.000 for Ho
caml 0.000 2 1.000 for Ho
chpd 0.000 4 1.000 for Ho
psht 0.000 4 1.000 for Ho
oth 0.000 4 1.000 for Ho
noad 0.000 4 1.000 for Ho




APPENDIX Ill: RCP8.5 scenarios on rainfall: horizon 2025 and 2050

RCP8.5, six ensemble mean rate of rainfall rate (&), Horizon 2025
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Figure A.1. RCP8.5 scenarios on rainfall: horizon @25 and 2050
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APPENDIX IV: RCP8.5 scenarios on temperature: horibn 2025 and 2050

RCP8.5 anomaly from 8 GCM-ESMs' Ensemble mean

Mear-Surface Air Temperature Horizon 2025 (Bassline 1981-2008)
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Source: Salack et al. 2013 (Manuscript)

Figure A.2. RCP8.5 scenarios on temperature: horizn2025 and 2050
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APPENDIX V: Interpolation of the rainfall
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APPENDIX VI: Interpolation of the temperature

TOGO: INTERPOLATION MAPS OF THE TEMPERATURE
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Figure A.4. Interpolation of the temperature
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APPENDIX VII: Soil map of Togo
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APPENDIX VIII : Questionnaire

INDIVIDUAL QUESTIONNAIRE ON FARMERS’ PERCEPTION AND ADAPTATION TO CC

MASTER OF SCIENCE IN CLIMATE CHANGE AND HUMAN SECURITY

THE IMPACT OF CLIMATE CHANGE ON CROP PRODUCTION IN

TOGO

SECTION 1 : LOCALISATION

1.0.Day/Month/year of the interview : ! ]2014
1.1. REGION : 1.4. VILLAGE /VILLE :

1.2. Prefecture 1.5 Number of the questionnaire ! ! !
1.3. District: 1.6 Respondent’s name

SECTION 2 : SOCIO-DEMOGRAPHIC CHARACTERISTICS
2.1 Gender 1. Male ]
2.Female |__ |
2.2 How old are you? 1. Teenager (13-19ans) ]
2. Adolesents (20-39ans) ]
3. Adults (40-60ans et plus) -
2.3 Education level of the respondent 1.None .. ]
2. Teaching to read and write .
3. Primary school ]
4. JSS (68, 5¢, 4¢, 39) ||
5. JHS (2¢, 18, Terminale) ]
6. University -
2.4 Marital status 1. Single ]
2. Married ]
3. Widow/widower L
How many people are living with you and
25 you actually take care of them L
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SECTION 3 : SOCIO-ECONOMIC CHARACTERISTICS

3.1a | Whatis your main 1. Agriculture (- 3.1bwhich 1. Agriculture |
activity? 2. livestock farming ] other acivity do 2. Livestock farming ||
3. Fishing ] 3. Fishing ]
4. Forestry | you exercise? | 4. Forestry L
5.Aquaculture ] 5.Aquaculture ]
6. Bee farming ] 6. Bee farming ]
7. Handicraft ] 7. Handicraft -
8. Other(To be mentioned) 8. Other (To be mentioned)
3.2 How long have you beer
doing this activity? L
3.3 What is the size of your
farm under exploitation L
(ha)? -
3.4 Are you the owner of 1. Yes ]
your farm land? 2 No L
3.7 Amount of fertilizers 1. Increase ]
used 2. Decrease L
3. No change ]
3- Don’t know .
SECTION 4 : INSTITUTIONAL CHARACTERISTICS
4.1 Have you access to 1. Yes ]
extension services? 2 No L
4.2 If yes how it is done?
4.3 Which institutions are 1. ICAT ]
the providers of these | 2 NGOs L]
e _
sefvices: 3. Other (To be mentioned)
4.4 Have you access to 1. Yes ]
credit? 2 No L
4.5 If yes, under which form
is this credit?
4.6 Are you a member of 1. Yes ]
farmers association? 2 No L]
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SECTION 5 : CLIMATE CHANGE PERCEPTION

5.1 Change in the 1. Increase .
temperature during the | 2 pecrease L
past 20 years 3. No change L
3- Don’t know ]
5.2 Change in the rainfall 1. Increase ]
pattern during the past 20> pecrease L]
years 3. No change ]
3- Don’t know ]
5.3 Change in the growing | 1. Late rainy season onset ]
season 2. Early rainy season cessation ]
3. No change ]
4. Don't know ||
5.4 Which strategy do you | 1-Crop diversification .
gﬁg;g:s%apt to these 2. Change in crops ]
3. Off-farm jobs ]
4. Decrease of the size of farm under exploitation ]
5. Increase of the size of farm under exploitation L
6. Change in planting date ]
7. Planting of short season variety ]
8. Other (To be mentioned) :
9. No adaptation ]
55 What is your expectation

of the government or

other institutions in terms

of support?

D

NB: CC= Climate Change
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