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ABSTRACT

Nyando and Lower Nyakach Sub-counties in Kisumu r@pexperience both floods and drought in altenmptycles.
Floods and drought have been documented as intcatcClimate Change; hence, they are considergda® Change
Related Disasters (CCRDs). The CCRDs leave trdilglestruction and negates cumulative efforts atniaiing
sustainable livelihoods and ecosystem health bygdinemunities. The impact of the CCRDs on the emwirent (soils and
water sources) is therefore likely to influence tasilience of households given the short pericailalle for households
to successfully cope with one disaster before theroone strikes, potentially compromising thegilience. This paper
explores how impact of CCRDs on the environmenluarfces resilience of households through the lédnsoping
mechanisms. The study adopted a descriptive sutesign. Data for the study were collected througlurvey of 374
households. 12 key informant interviews and digdgervations in the two sub-Counties. Purposivepiamwas used to
select two wards from Nyando and one Ward from LroMgakach Sub-Counties prone to floods and droutihe target
population was 64,103. Data processing and analyessconducted using Descriptive statistics sucheagiency, means,
percentages, and inferential statistics (Chi Squast, and regressions tested at alpha p < OvE&fg used to correlate
Impact of Climate Change Related Disasters (CCR®spping capacity. The Impact index (M=3.47) waghbr than the
coping index (M=2.84). Whereas Impact of CCRDs ami®nment was not significantly different acrose tWards (p
=.155), Coping of households was significantly eliént across wards (p =.027). Impact was foundigoifcantly
influence coping of households (p =.000) and thetienship was positive. (r =.286). The study reamends identification
of site-specific interventions to mitigate the imfmof CCRDs, on the environment. It also recommeadcommunal
approach to management of common resources anch@rthant of extension services and resource alcdt the

wards.
KEYWORDS: Resilience, Climate Change Related Disaster(@nd Drought) & Coping, Impact
INTRODUCTION

Globally, Studies have demonstrated that about 80%ll natural disasters that afflict the world asdated to severe
weather and extreme climate events. (Gentle andad¢ai, 2012) reported gradual increase in both maxi and
minimum temperatures and also high variability @nfall in the remote mountainous Jumla DistrictNdpal over a
period of 30 years as having had a significantatféa agriculture and resource degradation (defaties and loss of

pasture for livestock). Regionally in Africa, thegative effects of climate change have also beémegsed. For instance,
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in Rubanda district of Southwestern Uganda, tempe¥avas found to have increased significantly whera decreasing
trend of rainfall had been observed over the p@syears. Farmers here perceived climate variabélgythe cause of
decline in agricultural productivity impacting oadd security (Byamukama, Bello and Omoniyi, 201d)Kenya, floods
and droughts have been documented as indicatarintdte change and they are reported as some oh#jer recurrent
disasters that afflict Kenyans (Kenya Disaster Fséfile, 2014). However, the flood hazards turto idisasters only in
few places in the country. The most commonly aédagblaces are the floodplains of the major rivershsas the lower
Tana River, the lower Nzoia River at Budalang'iiptaand the lower Nyando River at Kano Plains (@p2013). The
Lake Victoria Basin in western Kenya is one of thest flood-prone regions in the country (GoK, 200%) recent years,
floods in the Nyando River basin have resulted egative impacts, ranging from loss of human lived Avestock to
widespread destruction of crops, houses, publitiesi and disruption of various economic actiwstigNyakundi, Stephen,
Isaac and Andre, 2010). Prolonged drought due lmabrormal precipitation in Nyando river basin fdso contributed to
immense negative effects in the basin. A Study ootetl in Nyando district to assess the vulnerahititclimate change
in Lake Victoria basin revealed that environmeméslources like trees and grass cover were highhevable due to fuel
needs, clearing wooded areas for farming and usieest areas for building and creation of new hoduesto population
increase (LVBC, 2011). Grass cover could suffiaegimund cover. If ground cover is vulnerable, thies soils would be

equally vulnerable to climate change and its vudhéity needs to be investigated.
THE PROBLEM

This study focuses on the assessment of Impact8GRDs on the Resilience of Households in Nyando lamder
Nyakach Sub Counties, Kisumu County, Kenlyas claimed that in lower Nyando river basin, dgbts and floods, which
are the indicators of climate change, have affestdl$ and water sources, the natural capital basthe communities’
livelihoods and ecosystem health. This communitynigadraws their livelihoods from agricultural ptaes such as small
scale farming in crops such as maize, sorghumetnitowpeas, cassava, rice and traditional livéskeeping for their
own household consumption. The frequencies of #ioadd drought have increased in the recent pakt agihsequent
deterioration of the natural capital. There istieddy little research and lack of documentationtbe relationship between
Impact of CCRDs and coping with a view to buildirggilience in the livelihoods of the communitiedtle attention has
been paid to the soils and the water sources daihagfoods and drought. The key challenge thiglgtuwopes to address

is how Impact of CCRDs on the environment influenasilience of households through the lens ofrappiechanisms.
OBJECTIVES

The broad objective of this study is to examine tib& Impact of Climate Change related disastersemarfoods and

drought on the environment influences the resikeoithouseholds in Lower Nyando river basin, KisuGounty, Kenya.
The Specific objectives were:

* To determine the Impact of Climate Change relatésh®ers on the environment (soil and water sojrices

Nyando and Lower Nyakach Sub Counties, Kisumu Gguf¢nya
e To examine coping of households in Nyando and Lawekach Sub Counties, Kisumu County, Kenya.

e To explain how Impact of CCRDs on environment iaflaes Coping in Nyando and Lower Nyakach Sub

Counties, Kisumu County, Kenya
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LITERATURE REVIEW

Climate change is a global phenomenon that resultglobal warming, droughts, flooding and depletioh natural

resources (Adger, Hug, Brown, Conway & Hulme, 20@jmate change refers to a change in the clirti@tepersists for
decades or longer, arising from either natural eaws human activity (adapted from IPCC, 2007). dibeerved change in
climatic conditions over the past 30 years is carvery continent. All the key indicators of diite change, including
sea-level rise, temperature and drought days,»xaneling outside the normal ranges of frequendgngity and location
(Nolan, Michael & Smith, 2015). Recent extreme Weatvents such as hurricanes in the United Stidvesls and storms
in Europe, typhoons in Asia, droughts in Africaddsushfires in Australia have served to remind Lithe impacts of

climate change and in many cases, highlighted sbimings in preparedness and disaster responsen(Btah, 2015).
Climate Change Related Disasters (CCRDs)

Of all the relevant factors in climate, precipitatiis the main cause of disasters in the watemress sector. Abundant
precipitation can lead to disasters such as flapdivater pollution, soil erosion, dam breaks, aratewrelated disease
outbreaks and famine. On the other hand, scartipyexipitation in areas, which ordinarily receitecan lead to drought,
water scarcity, loss of vegetation, loss of livekt@nd wildlife, famine and general suffering ofopk living in the
affected areas (Opere, 2013). Markers of climasangh include floods, drought and temperature (Agu&duom, Bosire,
Dida & Anyona, 2016) and rainfall variability (THakson, 2011). Floods and drought are thereforaatk change related
hazards (Krishnamurthy, Lewis & Choularton, 2014).

Impacts of CCRDs on the Environment

Effects of CCRDs range from socio-economic, envinental, physical and ecological. In 1997/1998, EieNin o
associated floods affected many parts of Kenyasiocgudestruction to property, loss of lives, famarel waterborne
disease epidemics. Obiayo, Stanley and Charles6(2@testigated the influence of floods on commuytielihood
sustainability and development in Nyando River Badlyando Sub-County and established that flood=ciwthavoc
on the maize and bean crops leading to food instgciachool children stayed out of schools longanre people
accessed water from open sources posing healts @8kl inadequacy of sanitation facilities, shelteese also
destroyed. Floods may lead to intense soil erosiith consequent decreased soil fertility (Thorlaks2011). Soil
erosion causes reduced yields because of nutriest reduced water retention and infiltration, m@&tlisoil organic
matter and restricting plants’ root depth (Mbar2®906; Mutegét al., 2008; Sancheet al., 1997 in Thorlakson,
2011). Water logging also makes ploughing difficalhd results in loss of nutrients from the soil otigh
leaching. Floods can also render farms uncultivafie the time, it is submerged and even depodiiirsents on
farms that will make cultivation expensive and wiffit for some time. Floods therefore have a lapge¢ential of
reducing food production (Armah, Yawson, Genesistide, and Ernest, 2010). Floods leading to samki®@n may
cause siltation of wetlands (Masese, 2012). Drouggny result in reduction in soil quality. Soil mhise essential for
microbial activities, is reduced in drought condits and consequently, there is minimized organtiviae and
continued dry spell which kills soil organisms. Téwed result is dry and cracked soil and it everobexs easier for
desertification to set in. Drought also makes isuitable for plants and vegetation cover to suruaading to bare
soils susceptible to both wind and water erosioadIB eroded soils have lost all topsoil and sontessil and are no
longer productive farmland (Smith, 2000). In NommeGhana, changing climatic conditions are affegtioil

moisture with a consequent possibility of affecticigpp production (Mabe, Sarpong & Osei-Asare, 20tt&reby
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necessitating high adaptive capacities by farmRexha, Gachene & Lieven (2017) projections (2038620ndicate
that there will be an increase in soil moistureessrin Nyando due to high evaporation as a reduiharease in
daytime temperatures. This is likely to exacerlthteimpacts of drought in Nyando river basin. Pngjed drought
due to below normal precipitation in Nyando riversin has also contributed to immense negative &ffiecthe basin
such as loss of decreased water volume in rivasswetlls, death of livestock and loss of livelih@odependent on
water (Nyakundi, Stephen, Isaac and Andre, 201@geAs and quality issues have remained a thorheirflésh to
residents of Nyando district especially during ttweg spells of drought Nyakundt al., (2010). If these impacts are
not addressed adequately, they could compromise ptiogluctivity and health of the productive assetghw
subsequent impacts on the users. The degree ofcintlegends on the ways in which the natural triggeevent
interacts with particular ecosystems and with thecs#fic characteristics of the society affectediluing its level of
economic development; the types of livelihoods tefmembers; education levels; and other factors gleaerally
determine both how resilient the affected populatis as well as what resources are available faptadion
(Malone, 2009).

Concept Resilience

Mayunga (2007) defines disaster resilience as dpadity or ability of a community to anticipategpare for, respond to,
and recover quickly from impacts of disaster. lestingly, Folke, Colding and Berkes (2002), dessitesilience as “the
capacity to change in order to maintain the saraeatity”. It is apparent that resilience is a vegndmic term and which
can be operationalized by various discipliness lalso apparent that resilience is not just abgstesis bouncing back to
their normal state, but is also about systems fiigditability in the new changed states. Since ttaeat application of
resilience to ecological studies, works from vasicauthors have shown the linkage of resilience Xplagn socio-
ecological systems (Aldunce, Ruth, Mark & JpR015; Parsonst al., 2016; Ranjan & Abenayake, 2014) in which
communities respond to disturbances or disastdtsnaa natural environment. Broadly, resilience wiag@plied to human
systems is best conceptualized as a capacity amckgs rather than as an outcome (Imperiale and &gn2016).
Resilience has many dimensions such as physidatiead (Joerin, Rajib, Yukiko & Ramasamy, 2012)ciab (Joerinet
al., 2012), Economic (Khalili, Sanaz, Michael, Philg015), community (Kusumastuti, Viverita, Zaafri,nmey & Dwi,
2014), and institutional (Khalikt al., 2015). Kotzee and Reyes (2016), included theogicdl dimension as a measure of
resilience. Mayunga, (2007) emphasizes that resiiés a function of the five capitals namely: abaéconomic, human,
natural and physical. Daniel, (2011) in his efforts formalize the theory of resilience, ascertatingt resilience is

dependent on a coping strategy.
Coping as an Attribute of Resilience

Capacities assess the potential for disaster éas#éi within the system of interest, rather thanatial realization of
disaster resilience in relation to a particularunait hazard event (Norris, Stevens, Pfefferbaumchi@yand Pfefferbaum,
2008 in Parsonst al., 2016). The Australian National Disaster Resilehedex (ANDRI) identifies coping capacities as
one of the attributes of resilience. In a practeahse, coping capacity relates to the factorsiéntting the ability of a
community to prepare for, absorb and recover fromatural hazard event (Parsodsal., 2016). It focuses on the
capacities of communities to anticipate and respwnbazards. Even though much work has been doneffeats and
coping with floods in the study area, little hagbe&one to address effects of floods and drouglsbda and water sources

and the impact of CCRDs on resilience of households
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The Context of Livelihoods and Climate Change in th Research Area

The study area is located in lower Nyando riveribdlsat traverses both Nyando and lower Nyakachcsumties of
Kisumu County. The Nyando River Basin covers ama afe3,500 square kilometers in Kisumu County. Nyando River

catchment straddles the equator bound by longit8d&45’ 0"E and 35° 21"E. (Otiende, 2009).

It borders the Winam Gulf, a protruding part of ealictoria, at the end of which is Kisumu Town. Tplain is, however,
characterized by broken low ridges and river vall@9cholla, 2010). The Nyando river catchment ezapts water into Lake
Victoria. The Nyando River traverses the Kano Bland covers a large area of the lower plaing totorious for frequent
flooding. Available data suggest that progressigedater flooding is being caused by smaller flowhi rivers concerned (Opere,
2013). Nyando Sub-County is classified as semi-tii@icholla, 2010). The Nyando river basin expeasna bimodal rainfall
pattern with long rains in March-May and short saim September-October. The annual rainfall vériea more than 1,100 mm to
1600 mm with a minimum and maximum mean monthlyfaliof 72mm and 243 mm respectively (JICA, 199Raburu, Okeyo-
Owuor & Kwena 2012). Vertisols are the dominanttgpies (Ocholla, 2011). Households display a Higgree of poverty and low
incomes as reflected in the employment types vithereajority of the people were in the informaktsecrhe main occupation of a

majority is subsistence farming (Nyakuetiél., 2010). A map of the study area is as shown indig.
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Figure 1: Map of the Study Area.

METHODOLOGY

The study adopted a descriptive survey researdfniéargeting a population of 64,031 and an aduesgopulation of 14,675
household heads with a sample size of 374 (HHHydfeom 3 divisions with 8 locations in the two SObunties. Two divisions
that are prone to both floods and drought wereqsivply selected from Nyando sub-county and onsidiv that experiences
floods only was selected from Nyakach sub-countyc@mparison purposes. Stratified, purposive, ptapate and systematic
random sampling was used to select householdsegrnidfkrmants. A household questionnaire was adisirid to sample size of
374 household heads (HHHSs). Thirteen (13) key inémt Interviews lasting 30 minutes to one hour veeneducted. Direct
observations were made and where applicable, plapiog) were taken. The data was collected durirty thetdry and the wet

seasons.
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Data Analysis

The data collected was coded, screened and cldaatadprocessing and analysis was done using Smehces (SPSS version
20) computer system. Descriptive statistics sucfreapiency, means, percentages, and inferentisdtisga (Chi Square, t-test,
ANOVA, and Multiple regressions tested at alpha @5%6) was used to regress the coping capacitivsuseholds to impact of
CCRDs.

RESULTS

The effects of floods and drought (CCRDs) on saild water sources (environment) were first deteethisind expressed
as an index denoting the impact of CCRDs on théremment. The next step involved determining thegirency of
engaging different strategies to cope with thea$fef CCRDs on the environment and this was espess an index
denoting coping capacity. The coping index was thegressed against the Impact index to determiedrntuence of

impact of CCRDs on the environment on the househoiging ability.

Objective 1: sought to determine the impact of CCRDs on thérenment (soil and water sources) in Nyando and éow
Nyakach Sub Counties, Kisumu County, Kenya. In samymthe impacts of floods on soils are many and lwa lumped
together in order of prevalence as follows: Surfsai¢ and sediment contamination, reduced ferfilityd introduction of
invasive species and erosion of vegetation covee.impacts of floods on water sources are also readycan be lumped
together in order of prevalence as follows: Physi€nemical and Biological contamination by efflterirom farms,
industries and sewage and last but not leasttisiitaThe impacts of drought on soils in order cé\@alence range from:
Poor soil texture and consistency, loss of soilstuwe, loss of soil fertility, soil erosion to ergence of invasive species
that thrive in degraded soils. Lastly, the impaitsirought on water sources in decreasing ordgefalence rank from
reduced water volumes and hence water scarcityervgatiution by dust, and debris and loss of wapeality leading to
turbidity and foul smells. All these render the &rahot fit for human consumption. An illustratiof thhe impacts of

CCRDs on the environment is captured in plate 1.

Flooded river with silt laden waters

Farm Dodder (Cuscuta Spp)

Plate 1: Impacts of Floods and drought on Soils anwater sources.
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In terms of severity, the impact of floods on seitorded a mean of 3.52, that of floods on watarcas, a mean
of 3.16, that of drought on soils, a mean of 4.0@ that of drought on water sources, a mean of. /4&ése four means

were computed to give a composite index (M = 3tdB)e 1.

Table 1: Impact of CCRDs on the Environment Index

Scale n | Mean| SD
Impact of floods on soil 343 352 0.75
Impact of floods on water sources 333 3.16 (.73
Impact of drought on sail 34 4.08 0.60
Impact of drought on water sources 334 347 0.74
Impact of CCRDs on the Environment Index| 346 3.47| .60

From the results, it can be concluded that the anp&floods on soils is more severe compared ¢oihpact of
floods on water sources. Similarly, the impact @fudjht on soils is also more severe compared tintpact of drought on
water sources. The implication of these resultth& soils in the study area are as vulnerable aerwsources to the
impacts of floods and drought, yet more promineme® always been given to floods compared to droddte floods and
drought also seem to be common phenomena whosegerarat need to be factored in routine natural mesou
management decisions. The effects of this wouléelién the agriculture sector, livelihoods and isbsetups, which are
largely dependent on the environment for surviVdle Impact of CCRDs on environment was not sigaiftty different
across the Wards (p = .155) or by sub-county (p86), suggesting that any interventions taken shbaluniform across
the study area. The interventions may take a lamsapproach starting from the highlands whoseitie set the tempo
of CCRDs experienced in the Nyando river basinoraher to assure food security, environmental heaattth human well
being, policy and interventions need to be alivéh®impacts of CCRDs on the environment. Effogsdto be channeled

towards reducing the effects of floods and drowghsoils and water sources.

Objective 2: sought to establish the coping capacity of houlsishia Nyando and Lower Nyakach Sub Counties, Kisum
County, Kenya. Households were found to engagerinraber of coping mechanisms to deal with impaEtS@RDs on
soils and water sources. The mechanisms range $imple day to day activities like treating drinkimgater, draining
waterlogged soils, mulching, paddocking, movingwtetlands to graze, deep ploughing, planting coveps, planting
drought resistant varieties to more complex andj lterm initiatives like construction of check danagyro forestry,
protecting water sources, rehabilitating damagedrrbanks and building gabions. All the initiativase applied at
different levels dependent on resource availabditg prior experience of their success levels. mbkans for coping with
impact of floods on soils, floods on water sourasught on soils and drought on water sources €38, 3.01, 2.87,

3.07 respectively. These means were then compoundedn a coping index which was found to be MZ2(&ble 2).

Table 2: Coping with Impact of CCRDs on the Environment Index

Scale N | Mean | SD
Coping with effect of floods on soils index 327 2.9 0.94
Coping with effect of floods on water sources index 323| 3.01| 0.81
Coping with effect of drought on soils index 3p6 82.| 1.01
Coping with effect of drought on water sources inde 326| 3.07| 1.0Q
Coping with impact of CCRDs on the Environment Inde | 342| 2.84 | 0.9Q

From the results, the coping index (M = 2.84) ichilower than the Impact index generated in objeadine (M
= 3.47). The study also revealed that interventitras$ stand to benefit individual households bywarof ownership or

proximity to the water source and where failurgaice action would render them more vulnerable aacewnore popular

Impact Factor (JCC): 4.3241 - This Article can be dwnloaded from www.bestjournals.in



16 Roselyn Agumba Onyuro, Jackson John Kitetu,
Paul M. Makenzi & Dr. Eliud Gary Michura

as opposed to interventions that would potentibiyefit communal interests e.g., rehabilitating dged river banks,
restricted abstraction restricted grazing in wetlaA possible explanation to this is that indivitlirgterests supersedes
communal interests and therefore individuals pgeceiommon property as collective responsibilityndes few people
would be moved to protect an asset for the comnomal gFrom the findings, households engage a partfdlresponses in
the face of CCRDs, similar to the findings of B&hél, (2016). The availability and capacity to engageety of coping
options in the face of disturbances, is a positidkcator of resilience. This has been proven tdrbe from other studies
(Maseseet al, 2016). There is a need to examine the contributib each individual impact to the overall copinfy o
household to enable prioritization of interventioAscording to key informants, extension serviceswaeak and so is law
enforcement especially on riparian land. Copingacéty of households was significantly different@ss wards (p = .027).
This means that there is disparity in the abilityapply interventions across the wards. Effortseftge need to be made to
ensure that location specific interventions arepéeid based on the perceptions and ability of thgeta to adopt them.

Extension services need to be strengthened andgamnpaw enforced.

Objective 3 sought to explain how impact of CCRDs on the emvinent influences Coping Capacity in Nyando and
Lower Nyakach Sub Counties, Kisumu County, Kenyam@ared with the impact index M = 3.47 (table hg toping
index (M = 2.84) is lower. The findings may implyat impact of CCRDs on the environment is highantthe coping
capacity of households. Simple linear regressios wseed to determine the influence of impact of CERid the
environment on the coping capacity of householaigalct of CCRDs on the environment index was regress coping
with impact of CCRDs on the environment index (¢éaB).

Table 3: Regression table for Impact of Climate Chage Related Disasters on
Environment with Coping Capacity

Unstandardized Standardized - .
Model Coefficients Coefficients value varl)lue
B Std. Error Beta
(Constant) 1.316 .281 4.683| .000
Impact of CCRDs
on the 439 .080 .286 5.494 .00(
environment

r=.286, R = .082, F(1,340) = 30.225, p = .000

Impact was found to significantly influence copiogpacity of households (p =.000) and the relatigngias
positive (r =.286). The explanatory variable acdsuar 8.2% (R=.082) variation in coping with impact of CCRDs ie
environment. The effect of impact of CCRDs on tiwienment on the outcome was statistically sigaifit at the.05
level, F (1,340) = 30.225, p =.000 hence rejecthg null hypothesis Hol and affirming that ImpattGLRDs on the

environment, significantly influences the copingaeity of households.
The Linear equation for this relationship is asoiak:
Coping with impact of CCRDs on the environment 316. +.439 Impact of CCRDs on the environment.

The positive (r =.286) implies that there is a pesirelationship between the two variables in #mthe impact
increases, so do the households’ coping capaditgase. This points to the ability of householdadfust to perturbations
in the system. The variation of 8.2% can be acamlfdr by the fact that human beings are naturalient and when
faced with a challenge, they will find a way ofaimventing it. This is consistent with other stsgi@hich pointed to the
ability of households to adjust to perturbationshia system (Opondo, 2013).
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CONCLUSIONS

The Impact of CCRDs on environment was not sigaifity different across the Wards, suggesting thatitnpact is not
dependent on the location. However, coping wasiféignt, implying that it could be pegged on théiae use or failure to
use location specific interventions. Whereas, thpact of CCRDs on the environment is immense, ¢ivellat which
households engage active interventions to mitittetempact is relatively low in the study area. sTpiobably explains the
low poverty index reported in this area that isvilgadependent on rain fed and soil agriculturethi§ trend continues, the
natural capital might lose its capacity to supmrstainable livelihoods and healthy ecosystemsaviest this situation,
concerted efforts from all the stakeholders randiogn the resource users, extension officers, gotiakers and educators

need to be consolidated to tilt the equation to llmpact and high coping capacity (typical resilieammunities).
RECOMMENDATION AND AREAS FOR FURTHER STUDY

» Efforts need to be channeled towards reducing ffeets of floods and drought on soils and waterrees. A
landscape approach to management of land use, vidithe source of rivers and also controls runbitt

cascades downstream to the basin is recommendeohtia! the impact.

* Policy recommendations should ensure that locaecific interventions are proposed based on theeptons

and ability of the targets to adopt them.

» There is need to shift focus from structural andawéoral interventions, which are widespread anasimered the

easier option, to critical examination and manageroésoil and water resources.
e It also recommends a communal approach to managerheammon resources.

» Further studies into perceptions of the commurigt tetermines the uptake of interventions on soils water
sources needs be done.

* In-depth analyses, monitoring of soil nutrients dadd use practices with changing climate needsftarm

decision making in the study area.
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