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ABSTRACT

The associated impacts of climate change affects availability of soil water, plant growth and
productivity. Thus, understanding farmers’ response and the factors influencing adaptation
measures used will help in designing more appropriate coping strategies to the effect of
climate change which was why this study was undertaken. Data for the study were obtained
from primary source with the aid of structured questionnaire administered to 120 yam
farmers from across Shiroro, Lapai and Wushishi LGAs in Niger State. The data were
analysed using descriptive statistics and multivariate probit regression model. The results
indicate that crop rotation, early planting of yam and mixed cropping were the most
important adaptation measure used by the respondents with a mean adaptive capacity of
0.60. The most important variables affecting the choice of adaptation strategies are age,
gender, household size, major occupation, farm size, educational level, farming experience,
method of land ownership, farm income, membership of cooperatives/association, extension
contact, access to climate change information, amount of credit access and farmers
perception of climate change while it was found that some of the adaptation strategies were
complementary and others were substitutive. It is recommended that continuous education
and effective advisory services aimed at empowering the farmers and enhancing their
capacity to choose appropriate climate change adaptation measures be instituted.
KEYWORDS: Climate change, yam farmers, adaptation strategies, multivariate regression,
Nigeria

INTRODUCTION

Agriculture in Nigeria is mostly rain-fed as well as in sub-Saharan Africa, in terms of total
cropped land and its exposes agricultural production to high seasonal rainfall variability.
About 90% of the total population depends on rain-fed agriculture for food production. The
effect of climate on agriculture is related to variability in local climates rather than in global
climate patterns and therefore any change in climate will have an impact on its productivity
and other socio-economic activities in the country. The impact could however be measured
in terms of effects on crop growth, availability of soil water, soil erosion, incidents of pests
and diseases, and decrease in soil fertility (Alvaro et. al., 2009; Adejuwon, 2004; IFAD,
2011; Fraser, 2008).

Climate change is the most severe problem that the world is facing today. It has been
suggested that it is a more serious threat than global terrorism (King, 2004). Rough estimates
suggest that over the 50 years, climate change may likely have a serious threat to meeting
global food needs than other constraints on agricultural systems, as climate change has
brought about possibly permanent alterations to dur planet‘s geological, biological and
ecological systems (IPCC, 2007; Building Nigerian’s Response to Climate Change, 2008).
This worrisome trend indicates that rising demand for food over the next century due to
population and real income growth will lead to increasing global food scarcity and a
worsening of hunger and malnutrition problems particularly in developing countries (Wolfe
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et al., 2005). Climate change leads to the emergence of large-scale environmental hazards
to human health such as extreme weather, ozone depletion, increased danger of wild land
fires, loss of biodiversity, stresses to food producing systems and the global spread of
infectious diseases (McMichael, 2003; Sahney, Benton and Falcon-lang, 2010). WHO
estimates that 160,000 death since 1950 are directly attributable to climate change
(McMichael, Woodruff and Hales, 2006).

According to IPCC (2007), adaptation to climate change is the adjustment in natural or
human systems in response to actual or expected climate stimuli or their effects with
moderated harm or exploits beneficial opportunities. Adaptation is usually a long term
livelihood activity and a continuous process where results are sustained; it uses resources
efficiently and sustainably, involves planning and combining of new and old strategies,
knowledge focused on finding alternatives and includes all activities that help people and
ecosystems reduce their vulnerability to the impact of climate change and minimize the costs
of natural disasters (Federal Ministry of Environment, 2011). Adaptation to climate change
is a complex multi-dimensional and multi-scale process (Bryant, ef al., 2000). Adger, et al.,
(2005) validated this finding by reporting that, the ways towards adaptation are diverse and
can be integrated together so as to guarantee the sustainability and resilience of agriculture
in the context of an uncertain future challenge by climate change. Heltberg, Siegel and
Jorgensen (2009) used a social risk management framework to group adaptation strategies
into three categories according to their timing and effect; those that prevent or reduce risk,
those that mitigate risk, and those that compensate for risk. Adaptation to climate stress is a
local process that is rooted in socialization and learning (Adger and Kelly, 1999; Locatelli,
2011). It is not possible to implement an adaptation policy without considering the social
context in which local knowledge is developed (Kapadonou, Adegbola and Tovignan,
2012). The perspectives of the indigenous people, the way they behave and think in relation
to climate changes, as well as their values and aspirations have a significant role to play in
addressing climate change (Doss and Morris, 2001, Easton, 2004). The consensus in
scientific literature indicates that in the coming decades, the world will witness change in
precipitation levels and higher temperatures and the effect of these changes will lead to low
or poor agricultural production (Kurukulasuriya and Mendelsohn, 2006; Lobell et. al.,
2008). Evidence has also shown that changing climate is already affecting crop yields in
many countries, including Nigeria where majority of the population are farmers (IPCC,
2007; Deressa et. al., 2008; BNRCC, 2008; Nwaiwu ef al., 2014; Orebiyi ef al., 2014). This
is particularly true in low income countries where climate is the primary determinant of
agricultural productivity and adaptive capacities are low (Spore, 2008; Apata, et al., 2009).
Most African countries which have their economies largely based on weather-sensitive
agricultural production systems like Nigeria are particularly vulnerable to climate change
(Dinar ef al., 2006). This vulnerability has been demonstrated by the devastating effects of
recent flooding in the Niger delta in Nigeria and the various prolonged droughts that are
currently witnessed in some parts of Northern region (Apata et. al., 2010). In all this studies,
the methodology of determining the impacts seem to have an in-built bias in the correlation
among the various options is not considered.

Yam production is a major source of livelihood and food security to the producers
(International Institute of Tropical Agriculture, 2013). Its cultivation and yicld patterns are
of economic importance to the livelihood of an average farmer, as they have link to food
security in rural communities (Babaleye, 2003; National Bureau of Statistics, 2012). Climate
variability is the resultant effect in the alterations of ecosystem structures to satisfy human
land use and livelihood potentials of the populace. Climate variability poses significant
impacts on agricultural sector and its direct impacts causes vulnerability to the natural and
social systems (IPCC, 2013). The sctbacks arc attributed to low and poor scientific
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development, as most development innovations are not built on indigenous knowledge of
the farmers to provide for sustainability of new practices. Consequently, the associated
impacts of climate variation is predominantly negative with the most severe impacts being
experienced in vulnerable communities made up of the bulk of Nigerian farmers,
particularly, yam farmers practicing farming at subsistent levels. The production of yam is
a very profitable venture and that more producers can still enter and make profit.

In Nigeria, a strong relationship was observed between land improvement techniques and
net returns in yams output by the farmers (Ennin, Otoo and Telleh, 2009). Climate change
adaptation has significant impact on both farm productivity and farm net revenues (Di-
Falco, Yusuf, Kohlin and Ringler, 2011). It was found that farmers who adopted climate
change adaptation strategies had higher output and net revenues than those who did not,
which implied that, if households undertake adaptation measures they are likely to be able
to produce more food and obtain higher revenues in the face of climate change. This is
consistent with the argument in the literature that climate change adaptation partially offsets
the impact of climate change on food production and exclusion of climate change adaptation
in the analysis would overstate the impact of climate change on agricultural production
(Dinar, Rashid, Robert and James, 2008). In investigating the methods used by farmers to
mitigate the negative impact of climate change in Osun State Nigeria, Adesoji and Ayinde
(2013) found that age, household size, income, source of information and farm size are the
main determinants of the choice of adaptation strategies implemented by farmers.
Nhemachena and Hassan (2007) also identified the important determinants of adaptation in
sSouth Africa, Zambia and Zimbabwe as access to credit, extension, and awareness. Their
study suggests enhancing access to credit and information about climate and agronomy so
as to boost adaptation. Findings by Okoh (2004) revealed that, mulching materials improve
the soil conditioh for well-developed roots. Halugalle, Lal and Gichuru (1990); Inyang
(2005); Gbadebo (2006) also revealed that mulching materials improve soil physio-chemical
properties, reduce soil temperature, reduce evaporation and increase the soil moisture,
thereby creating enabling soil micro-climatic condition for early sprouting of yams. Other
studies indicated that agricultural adaptation measures such as the use of crop varieties,
planting of trees, soil conservation, changing of planting dates, diverging from crops
production to livestock keéping and irrigation are the most used adaptation methods in
African countries (Deressa et al., 2009; Kabubo-Mariara 2008; Mideksa 2009; Ajao and
Ogundiyi 2011; Bryan et al., 2009, Easterling, 1996; Alexandrov et al., 2002, Foresight,
2011, IPCC, 2012, Ike and Ezeafulkwe, 2015, Apata, 2015). Wilcock et al 2008) reported
that adaptive strategles are needed in order to protect local food supplies, assets and
livelihoods, avoid-damage to farmers’ output and protect the ecosystems. (Fiissel and Klein,
2006). Most studies have pointed out several socioeconomic, environmental and
institutional factors, as well as the economic structure as key drivers influencing farmers’
choice to specific adaptive strategies. In view of all the foregoing, there is need to
comprehensively determine the factors influencing climate change adaptation decision for a
given adaptation option by yam producers in Niger State. Therefore, the objectives of this
study are to describe the socio-economic status of yam farmers in the study area and
determine factors affecting climate change adaptation strategies adopted by yam farmers in
the study area using multivariate regression model.

ANALYTICAL FRAMEWORK

Multivariate regression is an econometric model for estimating an equation in which there
is more than one dependent variable, thus incorporating the interdependence among them.
Where the dependent variables are categorical or quantitative, then the model is known as
multivariate multiple regression (MMR) model whereas, in a case where the dependent
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variables are binary, then it is known as multivariate multiple probit (MMP) regression
model. This system of equations recognizes the correlation in the error terms of the
dependent variables and it estimates the set of models simultaneously. These models are
more efficient than the univariate multiple models as it analyzes each of dependent variables
independently. The univariate modeling (the estimates of separate dependent variables)
ignores the potential correlation among the unobserved disturbances in the variables. In
addition, one dependent variable may be conditioned on the other-complementary (positive
correlation in the error terms) or substitutable (negative correlation). Failure to capture
interdependence of the variables among themselves may lead to bias and inefficient
coefficient estimates (Dorfamn, 1996; Kassie ef al., 2013; Teklewold ef al., 2013a; Yu et
al, 2012, Khanna, 2001; Belderbos ef al., 2004). In general, the Multivariate probit model
is given as,

Yi=(Y1,...... YK) (N,
i=1,....., nis sample size

k is the number of dependent variables, the probability of observing choice yi is given as
Pr(vilXi ,2) = [ 5; - [ 41 INOFIXiBY)dy; ... dd; @

Pr(yilX; B, Z) = | 1,.eAfN(y;1X:BX)dy; ' (3)

Where; A= A1 X...x Ajand
A.-_—{ (= &oo,0)y7 =0 4)

) (0' OO)YI =1
The model can be represented by two systems of equations. First, a system of equations with
latent (unobservable) dependent variables are described by a linear function of a set of
observed household (h) and plot (p) characteristics (Xnp) and a multivariate normally
distributed stochastic terms (enp). Each equation in the system can be written as:
T*npk =Xnp Pk + €np (5)
Where Thpi denotes the latent dependent variables which can be represented by the level of
each sub-dependent variable
Ty = { 2 1 Thpic > 0 ©)

0 otherwise

The off-diagonal elements of the variance—covariance matrix represent pairwise error terms
correlation rho (p) for any two dependent variables in the model. In the presence of error
terms correlation (p), the.off-diagonal elements in the variance—covariance matrix of
adoption options become non-zero. A positive correlation is interpreted as a complementary
relationship, while a negative correlation is interpreted as a substitute relationship.

METHODOLOGY

The study was carried out in Niger State which lies between Latitudes 8°20'N and 11°30'N
and Longitudes 3°30'E and 7°20' E. The state is bordered to the North by Zamfara state,
North West by Kebbi state, South by Kogi state, South West by Kwara state, while Kaduna
state and federal capital territory bordered the State from North East and South East
respectively. Furthermore, the state shares a common international boundary with the
republic of Benin at Babanna in Borgu Local Government Area of the state. The state has a
projected population of 5,062,443 as at 2016, premised on 2.5% population growth rate
(World Bank, 2013, Niger State Bureau of Statistics, 2014).

Niger State has twenty-five Local Government Areas (LGAs) and a total land mass covering
about 76,363km? (representing about 10% of the total land area of Nigeria). It is mainly
grassland, with scanty trees all year round. The state has two types of soil - Ku soil and Ya
soil. The Ku soil has little erosion hazards, while the Ya soil has better water holding
capacity. Niger State experiences distinct dry and wet seasons, with annual rainfall varying
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between 1,100mm in the Northern parts to 1,600mm in the Southern parts, which last
between 120 and 150 days in the Southern and Northern parts of the state respectively with
an average temperature between 26° C and 36° C and relative humidity of 42°c.

Agriculture is the major occupation in the state with about 85% of the population engaged
in farming, while the remaining15% are involved in other vocations such as white collar
jobs, business, craft and arts. Generally, the fertile soil and hydrology of the state permits
the cultivation of most of Nigeria’s staple crops and still allows sufficient opportunities for
grazing, fresh water fishing and forestry development. Major crops grown in the state are;
yam, maize, beans, millet, rice, groundnut, sorghum cassava and sugar cane (NSBS, 2012).
The availability of wide varieties of minerals and agricultural resources attest to the
economic potentials of the state. Mineral resources available in the state include: Talc, Gold,
Ball Clay, Silica, Sand, Marble, Copper, Iron, Feldspar, Lead, Kaolin, Casserole, Columbite,
Mica, Quartzite, and Limestone. The three Hydro Electric Power Stations in the country
(located at Kainji, Jebba and Shiroro) are all in the state (NSBS, 2012).

Multi-stage sampling technique was used for selecting respondents in the study arca. The
first stage involved random selection of one Local Government Area (LGA) each from the
three Agricultural Zones (Zone I, II and 1) in Niger State. This was followed by random
salection of three wards each from the selected LGAs in the Zones. The third stage was the
random selection of one community each from the selected wards, giving a total of nine (9)
communities. The fourth stage involved the use of sampling fraction of 20% of the total
population of registered yam farmers in the study area. This was adopted from Zubairu and
Jibrin (2014). The sample size of 120 was computed proportionately to the total population
of yam farmers in each of the selected communities.

- The data for this study was collected from primary source. Primary data were obtained using
a structured questionnaire which was administered to yam farmers in the study area. Data
were collected by the researcher and via the help of trained enumerators. The primary data
collected include the socio-economic characteristics of farmers such as age, gender,
tousehold size, major occupation, farm size, education, farming experience, membership of
cooperation/association, extension contact/visit, annual income, access to credit, farmer
adaptation strategics and climate change related variables.

Data collected for this study were analyzed using descriptive and inferential statistical tools.
Oescriptive statistics such as mean, mean scores, frequency distribution tables and
percentage were used to analyze data while inferential statistics i.e. multivariate regression
(probit) model was used to determine the factors determining choice of adaptation strategies
to climate change. ' ,

The Multivariate Probit Model (MVP) was used to estimate the determinants of adaptation
strategies to climate change variation. The empirical Multivariate regression model is
specified in equation (7).

Vik= Po + BiXi +PaXo + B3 X3 + BaXs + B5Xs + BeXs +P7X7 + PsXs + BoXo + BroXio + PriXi
+ BiaKp + PisXis + PraXig + e
M

Where k= mumber of dependent variables gives as 1=Change of crop varieties (CCV);
2=Change of planting/harvesting dates/calendar (CPHD); 3=Crop diversification (CD);
4=Soil and water conservation measures (SWCM); 5=Diversification to off-farm income
(DOI); 6=Change of cultural practice/farm pperations (CCP). The independent variables are
X1 = Age, X1 = Gender, X3 = Household size, ¥4 + Major occupation, Xs= Farm size, X¢6=
Education level, X7= Farming experience, ¥s= Land ownership, Xo= Farm income,
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Xi0=Membership of cooperative/association, X;1=Extension contact/visit, Xij2=Access to
climate change information, X13= Amount of credit accessed, Xi14=Farmers perception of
climate change.

RESULTS AND DISCUSSION '

The description of the socio-economic characteristics of the respondents is presented in
Table 1; the perception of the respondents on climate change is presented on Table 2. The
sources of climate change information expressed by the respondents are presented in Table
3 and the various adaptation strategies are presented on Table 4. The estimates of the
coefficients of the multivariate probit regression model are presented on Table 5 and the
correlation between of error terms of the adaptations choices is presented on Table 6. In
addition, the educational status of the respondents is presented in Fig. 1 and the distribution
of their incomes is presented in Fig. 2.

The socio-economic characteristics of the respondents (Table 1) shows that the mean age
for the overall sampled farmers was 44 years with minimum age of 20 years and maximum
72 :
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Table 1 Description of farmers’ socio-

economic characteristics

Socio-economic Freq. %
characteristics
Age .
<30 15 13
31-40 41 33
41-50 36 30
51-60 14 12
> 61 14 12
44
Gender
Male 101 84
Female 19 16
Houschold size
1-5 41 34
6-10 50 42
11-15 26 22
16-20 3 2
9
Major occupation
Farming 82 | 68
Trading 20 17
Civil servants 14 12
Artisans 4 3
Marital status
. Single 18 15
-. Married 88 73
Divorced 4 3
Widowed 7 6
Separated 3 3
Farm size
<1 10 8
2-4 70 58
5-7 35 29
->8 5 4
3.60
<10 8 7
11-20 23 19
21-30 21 18
31-40 31 26
41-50 18 15
>51 19 16
34
Total 120 100
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m< 151,000
| attempted = 151,000-200,000 :
2200,100-400,000 !
= completed f
. #:400,100-600,000 j
% on going 600,100-800,000 |
& never attempted  800,100-1,000,000
! > 1,000,100 i

Fig. 1 Yam farmers’ educational level Fig. 4.2 Yam farmers’ annual income

Table 2 Distribution of farmers’ according to their perception of climate change

Farmers Perceived Climate Change *5(%) 4(%) 3(%) 2(%) 1(%) MS RK
Increased/high temperature 41 30 11 10 8 385 I
Increased sunshine hours 24 42 15 8 11 3.60 2™
Low rainfall : 33 31 13 6 18 355 39
Soil erosion 34 28 14 4 19 3.54 4"
Soil infertility 28 37 13 6 17 3.53 st
Disappearance of wildlife 23 38 17 8 15 3.46 6"
Disappearance of plant /vegetation 26 32 19 8 16 344 7"
Shorter raining season 28 30 15 11 17 341 8"
Decreased in incident pest & diseases 26 22 24 17 12 333 9%
Increased in incident drought 27 22 24 10 18 330 10"
Increase in incident of pest & diseases 24 23 21 10 22 3.18 11
Increase in Incident of Flood - 22 28 18 8 25 3.14 12"
Longer raining season 17 28 23 14 18 313 13®
Decrease in Incident of Flood 21 20 15 20 24 293 14
Decreased Sunshine hours 23 i4 21 16 27 290 15"
High rainfall 18 23 15 19 26 2.87 16"
Decreased in incident of drought 18 17 19 25 21 2.87 16"
Decreased/low temperature 14 20 23 21 23 2.83 18"

*5=Very frequent, 4=Frequent, 3=Not sure, 2=Not frequent, 1=Not very frequent, MS= Mean
scores, RK= Rank. Decision: Mean scores > 3= highly perceived climate change and Mean
scores < 3= Lowly perceived climate change.

Table3 Distribution of respondents’ sources of climate change information
Source of Climate Change Information *5(%) 4(%) 3(%) 2(%) 1(%) MS RK

Radio 14 27 25 22 13 3.08 1¢
Farmers Association/ Cooperatives 1 15 27 35 23 238 2™
Agricultural Development project 3 12 21 45 20 237 3¢
Television ' 5 13 13 40 28 232 4®
Non-governmental Organizations 1 4 . 21 41 33 1.98 5*
Metrological agency 3 8 16 25 48 192 6"
News paper 0 7 15 38 41 1.88 7™
Internets 4 5 13 23 55 1.80 8"

* 5=Always, 4=Sometimes, 3=Neutral, 2= Rarely, |=Never, MS= Mean scores, RK= Rank.
Decision: Mean scores > 3= Always available, Mean scores < 3= Not always available.
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Table 4 Distribution of respondents according to adaptation measures used and their
degrees of adaptive capacities

Farmers Adaptation Strategies *1(%) 2(%) 3(%) 4(%) MC RK
Crop rotation 6 8 38 48 0.65 1*
Early planting of yam 4 8 46 43 0.64 2
Mixed cropping 7 8 40 45 0.64 34
Mulching/planting of cover crops 7 9 41 43 0.64 4%
Early maturing variety 10 6 44 40 0.63 5"
Late planting of yam , 5 1 39 45 0.63 s
Application of farm yard manure/fertilizer 10, 9 42 39 0.62 7%
Livestock production/animal fattening 8 8 43 41 062 7"
Late maturing variety 8 12 38 42 0.61 9%
Early harvesting of yam 12 4 41 43 0.61 9"
Bush fallowing/relocation to different site 12 13 35 40 0.61 ot
Late harvesting of yam 9 16 39 36 0.60 12%
Mono /sole cropping 8 13 49 30 0.60 12"
Mining/quarrying activity 11 10 44 35 0.60 12"
Diseases resistant variety 16 10 43 31 0.59 5%
Forest/ tree planting for shed 44 7 18 31 0.59 15"
Okada service 14 13 40 33 0.59 15®
Change of weeding pattern 19 10 33 38 0.59 15"
Drought resistant variety 11 13 50 26 0.58 19"
Construction of bond across flood plain 40 17 14 29 0.58 19"
Small scale business/ agro-business 13 11 48 28 0.58 19"
Artisan 51 4 18 26 0.58 19"
Alteration of heap/mound size 17 17 36 30 0.58 19"
Change in land preparation . pattern/minimum

tillage 20 . 9 44 27 0.58 19®
Change of mulching material 13 20 36 31 0.58 19"

*1=Low adaptive capacity, 2=Neutral adaptive capacity, 3=Moderate adaptive capacity,
4=high adaptive capacity, MC= Mean capacity. Decision: Farmers with Average mean
capacity 0.5 <AdapCapij < 0.75 = Moderate adopters
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Table 5 Determinants of climate change adaptation strategies

Variables CCV CPHD CD SWCM DOI1 CCpP
0.0591 0.0315 0.0076 0.0076 0.0122 0.0324
Age (5.95)***  (3.61)***  (0.93) (0.90) (1.58) (3.88)***
-1.086 0.0366 -0.1310  0.2090 0.5537  0.4233
Gender (-3.35)***  (0.12) (-0.49) (0.62) -19D)*  (1.57)
. 0.0157 -0.0784 00714  -0.1364 -0.0335  -0.1188
Household size (0.40) (217)%*  (-1.99)%*  (-3.35)%**  (.0.97) (3ATyF**
. . 0.9241 -0.0708  0.1890 0.8515 0.1307 -0.0673
Major occupation (3.66)***  (031)  (0.88) (-3.45%%*  (0.59) (-0.30)
Farm size 0.1925 0.0213 0.2150 0.2800 -0.1452  0.0427
(-2.62)***  (0.31) (B24y**  (3.51)%**  (22.33)%*  (0.73)
Educational level 0.0821 0.0016 0.0113 0.0271 -0.0298  -0.0089
(4.86)*** . (0.12) (0.84) (1.72)* (-2.18)**  (-0.68)
Farming experience 00202 20.0157  0.0006 0.0480 0.0140  0.0223
(-2.09)** (-1.83)*  (0.08) (5.08)***  (-1.75)%  (2.68)***
Method of land 0.2360 03237 02520  -0.0331 0.0114 -0.2720
ownership (1.17) (-1.65%*  (-1.29) (-0.16) (0.06) (-1.44)
Log of farm income  0-0752 0.868 <0.1665  0.2012 0.5821 -0.0585
(0.36) (3.86)***  (-0.93) (1.05) Q.71)***  (-0.34)
xf)’;‘:rifg:l‘; °f 0.1840 04210 03360 0491 02801  -0.0305
* *
association (0.92) (-2.41) (-1.93) (-2.52) (-1.60) (-0.17)
Extension contact 0.5347 -0.2770 -0.0468 0.5388 0.2940 -0.4630
(2.87)***  (-1.64) (-0.29) (2.69)***  (1.83)*  (-2.84)***
Access to climate -0.8868 0.2960 0.5232 0.9142 0.1958 0.0024
change information ~ (-2.64)***  (1.00) (1.92)*  (2.98)***  (0.67) (0.01)
Log of amount of -0.0045 0.0849 0.0301 -0.0444 0.0231 0.0176
credit accessed (-0.21) 4.28)*** (1 61) (-2.19)** (1.27) 0.97)
Farmers perception of -0.3649 0.0181 -0.0361 -0.2580 0.3140 -0.2211
climate change (-1.91)* (0.10) (-0.21) (-1.38) (187  (-1.34)
Constant -2.3350 -11.446  2.2800 -3.2450 67411 -0.3690
' (-0.89) (-4.03)***  (1.00) (-1.35) (-2.50)**  (-0.16)
Model Wald Chi? (84) 343.10
Log pseudo likelihood -1119.0614
Prob>Chi? 0.0000
Plot observation 343

T-values are in parentheses. *** P<0.01, ** P<0.05, and * P<0.10. CCV= Change of crop variety, CPHD= Change
of planting/harvesting dates/calendar, CD= Crop diversification, SWCM= Soil and water conservation measures,
DOI= Diversification to off-farm income and CCP= Change of cultural practice/farm operations. Numbers of

observations=120.
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Table 6 Correlation coefficient of error terms obtained from the MVP estimation

Binary correlation Correlation coefficient Standard error t-value
rho21 0.1244 0.0968 (1.28)
rho31 -0.2147 0.0962 (-2.23)**
rho41 -0.1468 0.1012 (-1.45)
rho51 -0.1143 0.0947 (-1.21)
rho61 -0.0929 0.0988 (-0.94)
rho32 0.2439 0.0869 (2.81)***
rho42 0.0668 0.0980 (0.68)
rho52 -0.0149 0.0876 (-0.17)
rho62 0.0587 0.0889 (0.66)
rho43 0.4071 0.0862 (4.72)%**
rho53 0.2275 0.0847 (2.68)***
rho63 0.2251 0.0837 (2.69)***
rho54 0.1304 0.0882 (1.48)
rho64 0.3891 0.0850 (4.58)**+*
rho65 0.4678 0.0750 (6.24)***

Likelihood ratio testof overall error terms correlation: rho21 = rho3 1= rho41 = rho51= rho61 = rho32= rho42 =
rho52 = rho62 = rho43 = rho53 = rho63=rho54 = rho64 = rho65 = 0: Chi square (15) = 90.2436, Prob. Chi square
= 0.0000. The numbers in rho refers to: 1=Change of crop variety; 2=change in planting/harvesting date/calendar;
3=crop diversification; 4=soil and water conservation measures; 5=diversification into off-farm incomes and
6=change in cultural practices/farm operations.

years. Majority (84%) of the farmers were male. Major occupation was farming with (68%) of
the farmers engaged in farming as main occupation. The households had a size of 9 with a
standard deviation of 4. The average farm size of farmers was 3.6ha. Mean farming experience
of farmers was 34 years. Farmers with more than ten years of farming experience were likely
to understand the effect of climate change and might be willing to adopt adaptation measures
against climate change. Most (91.7%) of the sampled farmers never attempted any form of
education (Fig.1) in spite of the relevance it has to the ability to adapt to climate change
(Manyatsi et al., 2010). This study reveals that, mean annual income of farmers was N946, 050
(Fig. 2). A number of the respondents (28%) had annual income above one million naira and
(1%) had annual income between N151, 000 and N200, 000. This is an indication that yam
farming is profitable as earlier investigated in previous researches (Izokor and Olumese, 2010;
Odinwa et al., 2011; Ibetoye and Onomisi, 2013).

The perception of climate change by the respondents (Table 3) reveals that
increased/high temperature, increased sunshine hours, low rainfall, soil erosion and soil
infertility are the most important indicators of climate change. The finding agree with Brussel
(2009) and Zubairu and Jibril (2014) who reported that higher temperatures, changes in
precipitation patterns and the frequency of extreme events affect the volume, quality, quantity,
stability of food production and the natural environment in which agricultural activities takes
place and disagree with the findings of Gourdji ez al. (2015), who reported that, change in rainy
season (precipitation) and frequency of extreme events in Nicaragua had no significant changes
in the past years.

The findings in Table 3 reveal radio, farmers’ association/cooperatives and the
Agricultural Development Project (ADP) were the most important sources of climate change
information. It therefore seems that more official sources like NIMET were not accessible to
the farmers. The finding agrees with Oluwasusi and Sangotegbe (2012), who reported that the
most accessible sources of information on climate change to farmers’ were radio and disagrees
with Yohanna et al. (2014) who reported that, farmérs’ sources of information on climate
change were mostly from fellow farmers, friends and relations.
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The results in Table 4 show that, out of the twenty five (25) adaptation strategics most
of the farmers were highly adaptive to nine (9) strategies, moderately adaptive to thirteen (13)
strategies and lowly adaptive to three (3) of the adaptation strategies identified in the study
area. This study further reveals that, the mean capacity of majority of the farmers falls within
the range 0.5<AdapCapij < 0.75, indicating that farmers were moderately adaptive to climate
change variation. The average adaptive capacity of farmers was 0.60, also indicating that,
farmers were generally moderate adopters to climate change adaptation measures in the study
area. This result agrees with the findings of Bradshaw et al., (2004); Maddison (2006); Hassan
and Nhemachea (2008), who reported that, common strategies adopted in agriculture to cope
with climate change effect include the use of new crop varieties, mixed cropping, livestock
farming, change of planting dates and diversification to off-farm activities. Oluwasusi, (2013)
also reported that, adaptation strategies employed by yam farmers to mitigate the impact of
climate change were planting of cover crops, mulching, planting of early maturing yam seed
and movement to different site. Apata (2015) also reported that crop rotation, planting disease
resistant variety and mixed cropping were strategies adopted by arable farmer.

The result of estimated Multivariate Probit (MVP) regression (Table 5) shows that the
Log pseudo likelihood = -1119.0614, associated Wald Chi square value was= 343.10 and
significant at 1% probability levels, this suggest a good-fit for the model. For CCV, age, major
occupation, educational level and extension contact were positively significant (P<0.01), while
gender, farm size and access to climate change information were negatiyely significant
(P<0.01). Farming experience and farmers perception of climate change were negatively
significant (P<0.05) and (P<0.10) respectively. This implies that, a unit increase in age, major
occupation, educational level and extension contact will increase the probability of farmers
choosing change in crop variety adaptation measure by (5.95%), (3.66%), (4.86%) and (2.87%)
respectively, while a unit increase in farm size, access to climate change information, farming
experience and farmers perception of climate change will decrease the probability of yam
farmers choosing change in crop variety adaptation measure by (3.35%), (2.62%), (2.64%),
(2.09%) and (1.91%) respectively. The result corroborate the findings of Phindile ez al., (2014),
who reported that, occupation and perceptions of the household head towards climate change
significantly influence their choice of adaptation to climate change using conservation
agriculture and drought tolerant varieties. Gebre et al., (2015), also opined that, levels of
education, age and extension services of household head positively influence climate change
adaptation strategies. Sipho, et al,, (2015) in his findings, reported ‘that, perceived climate
change variation observed by farmers forms the basis for their response or adaptation to climate
change.

) For CPHD; the results shows that, age, farm income and amount of credit access were
positively significant (P<0.01). However, household size and membership of
cooperatives/association was negatively significant (P<0.05), while farming experience and
method of land ownership were negatively significant (P<0.10). This implies that, a unit
increase in age, farm income and amount of credit access will increase the probability of
farmers choosing change of planting/harvesting date/calendar adaptation measures by (3.61%),
(3.86%) and (4.28%) respectively. While a unit increase in household size, membership of
cooperatives/association, farming experience and method of land ownership will decrease the
probability of yam farmers choosing change of planting/harvesting dates/calendar adaptation
measures by (2.17%), (2.41%), (1.83%) and (1.65%) respectively. This result corroborate the
findings of Obayelu ef al.,, (2014), who opined that, access to credit is an important variable
which has positive effect on adaptation behaviour. Mulatu (2013) also opined that, increase in
farm income of household increases the likelihood of adapting to climate change. Deressa et

i

Coonference Proceedings of The 18® Annual National Conference of the Nigeria Association Of The Nigerian Agricultural 577
Economists Held at Federal University of Agriculture, Abeokuta, Nigeria 16" — 19% October, 2017.



Determinants Of Climate Change Adaptation Strategies Of Yam Producers In Niger State, Nigeriy

al., (2009); Tesso et al., (2012), reported that, increase in credit access significantly influenced
farmers’ choice of climate change adaptation strategies.

For CD:; the coefficient of farm size was positively significant (P<0.01), while access
to climate change information was positively significant (P<0.10). However, household size
was negatively significant (P<0.05), while membership of cooperatives/association was
negatively significant (P<0.10). This implies that, a unit increase in farm size and access to
climate change information will increase the probability of farmers choosing crop
diversification adaptation measures by (3.24%) and (1.92%)respectively, while a unit increase
in household size and membership of cooperatives/association will decrease the probability of
farmers choosing crop diversification adaptation measures by (1.99%) and (1.93%)
respectively. This suggests that, farmers with more access to information on climate change,
increased farm size and belongs to membership of association adopted crop diversification
adaptation measures to cope with climate change. This result conform with the findings of
Maddison, (2006); Nhemachena and Hassan, (2007), who reported that access to information
through extension services increased the likelihood of farmers adapting to climate change.
Adesoji and Ayinde (2013) also reported that access to information and farm size are the main
determinants of the choice of adaptation strategies implemented by farmers. Apata (2015)
reported that crop rotation, intercropping and mixed-cropping were adaptation strategies
adopted by arable crop farmers. '

For SWCM; farm size, farming experience, extension contact and access to climate
change information were positively significant (P<0.01), while educational level was positively
significant (P<0.10). Household size and major occupation were negatively significant
(P<0.01), while membership of cooperatives/association and amount of credit access were
negatively significant (P<0.05). This implies that, a unit increase in farm size, farming
experience, extension contact, access to climate change information and educational level will
increase the probability of farmers choosing soil and water conservation measures by (3.51%),
(5.08%), (2.69%), (2.98%) and (1.72%) respectively, while a unit increase in household size.
major occupation membership of cooperative/association and amount of credit accessed will
decrease the probability of farmers choosing soil and water conservation measures to cope
with climate change by (3.35%), (3.45%), (2.52%) and (2.19%) respectively. The result
corroborates with findings of Legesse et al., (2013) opined that increase in extension contact
increases the probability of household to adopt soil and water conservation strategy. Tessema
et al., (2013) also reported that, credit access negatively influence the probability of farmers
using planting of trees as adaptation strategy to climate change. In contrast Phindile ef al..
(2014) reported that, farming as main occupation of household head increase farmers’
probability of adapting to climate change.

For DOI; farm income was positively significant (p<0.01), while extension contact and
farmers’ perception of climate change were positively significant (p<0.10). Farm size and
educational status were negatively significant (P<0.05), while gender and farming experiencc
were negatively significant (P<0.10). This implies that, a unit increase in farm income.
extension contact and farmers’ perception of climate change will increase the probability of
farmers choosing diversification to off-farm income by (2.71%), (1.83%), and (1.87%)
respectively, While a unit increase in gender, farm size and educational level, farming
experience will decrease the probability of farmers’ adapting diversification to off-farm income
by (1.91%), (2.33%), (2.18%) and (1.75%) respectively. This result corroborate the findings of
Mohammed et al., (2014) who reported that positive and significant relationship exist between
faming income and adaptation strategies to climate change. Mulatu (2013) also reported that,
increase in farm income of household increases the likelihood of adapting to climate change.
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For CCP; the coefficient of age and farming experience were positively significant
(P<0.01), while household size and extension contact were negatively significant (P>0.01).
This implies that a unit increase in age and farming experience will increase the probability of
farmers’ choosing change in cultural practice/farm operation adaptation measures by (3.88%)
and (2.68%) respectively, while a unit increase in household size and extension contact will
decrease the probability of farmers choosing change in cultural practice/farm operation
adaptation measures by (3.47%) and (2.84%) respectively. This is in view of the fact that, older
farmers are able to access available technology and gain more knowledge which could strongly
influence their choice of adaptation to change in cultural practice/farm operation. This result
conform to the findings of Gebre ef al., (2015), who reported that gender of household head
negatively influence the adoption of climate change adaptation strategies.

The Multivariate Probit (MVP) results shows that the likelihood ratio test for overall
error terms correlation (Table 6) rejected the null hypothesis that there is no significant
relationship between socio-economic characteristics and climate change adaptation strategies
(Chi square (21) = 90.2436, Prob > Chi square = 0.0000). This indicates the correlated binary
responses between different adaptation options and supports the choice of the MVP model for
this data. The result shows the interdependence of different adaptation options such that the
probability of adopting one adaptation measure is conditioned by whether another measure in
the subset has been adopted or not. This is supported by the significance of some of the pairwise
correlation coefficients between error terms of the adaptation measures showed in Table 4.9.
A positive correlation implies a complementary reldtionship, while a negative correlation
implies a substitute relationship. In addition, crop diversification and change of crop variety
adaptation measures were close substitute for farmers to cope with climate change in the study
area while the complimentary relationship exists between crop diversification and change of
planting/harvesting date; soil and water conservation measures; and, crop diversification and
change in cultural practice/farm operations and soil and water conservation measures on the
other.

CONCLUSION

This paper attempts to investigate the determinants of climate change adaptation strategies in
in Niger State, Nigeria. To achieve its objectives, this study randomly selected 120 yam farmers
across three Local Government area of Niger State. The data generated through the use of
structured questionnaire were analyzed using descriptive statistics and multivariate probit
regression model. The results indicated that choices of adaptation strategies were determined
by a variety of socio-economic and other variables. Particularly, it was found that age, gender,
household size, major occupation, farm size, educational level, farming experience, method of
land ownership, farm income, membership of cooperatives/association, extension contact,
access to climate change information, amount of credit access and farmers perception of
climate change are the most important variables that could influence policies towards ensuring
that yam farmers are able to manage climate change information effectively as well as reducing
the risks associated with climate change, thus maintain and enhanced income base from yam
production. It is recommended that continuous education and effective advisory services aimed
at empowering the farmers and enhancing their capacity to choose appropriate climate change
adaptation measures be instituted. Also, deliberate effort aimed at organizing training for
farmers on early warnings signs and interpretations of meteorological data to promote the use
of adaptation options and indigenous knowledge systems to reduce the negative impact of
climate change, and evolution of appropriate risk reduction production strategies in response
to perceived climate change to improve their well-being should be intensified.
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