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ABSTRACT

This paper assesses maxdgfeebananaagre c 0 sy st ems 6 r easiwelli ence
as computing the socialcological vulnerability index to climate changie the southern

slope of Mount Kilimanjaro in Tanzanidhe study focused oidentifying agronomic

practices and assessithgeir impactsonagre c o syst ems o6 resil4ience;
economic status of the farmers in the region and its impacts oreegsgstems; and
examine the agrecosyst emso natur al r eesoiogicale n c e

vulnerability index to the ipacts of climate change.

About 400 households was covered in tinisiseholdsurvey with response rate of 97%
where by farmers were asked on their farming practices and systems, key informants and
transect walk was also employed in gathering necessamynafmn. Study was carried

out at a specific designed transect for a selected part of Kilimanjaro region between
Kisangesangeriliwaleni (700 m.a.s.l) and Makunduchi/Kirua Vunjo (1600 m.a.s.l) of
about 21.7 km longt thesouthern part of Mount Kilimanjarm Moshi rural district.

The study shows a significant variation in agronomic practices with altitude and lack of
sufficient agreecosystem resilience framing like conservation agriculture including
agroforestry, conservation tillage, contouring and rdeing, mulching, Mix
intercropping, and fallowing to mentiom few; pest and disease control, soll
conservation infrastructure, and off farm diversificatioerevalso key challenge to
farmers. Sociatecological and economi®arameterswas used in compuian of
vulnerability index Because of variation ialtitude which associates with different in
microclimate and soilsthe vulnerability also variedvith altitude. Elements like
household cooking energy (94.8%), agriculture as main source of housetwhdein
(94.5%), off farm contribution to the household (34%) etc. stamvnto have some

implication on household on choosing alternatives options on adaptations.
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INTRODUCTION

1.1Background

The Intergovernmental Panel for Climate change (IPCC) Fourth Assessment Report
cleared the doubt against the existence of climate change by proclaiming that warming
of the climate system is unequivocal, as is now evident from observations of increases
in global average air and ocean temperatures, widespread melting of snow and ice and

rising global average sea level (IPCC, 2007).

Climate change has gained momentumaaield of concern for the 21Century
wherebyscientific community has reviled the persistence of change in hydrosphere and
biosphere due to atmospheric alteration which is said to be exacerbated by the functions
of anthroposphere. Anthropogenic aciedt have been said to increase the quantity of
greenhouseaases, especially GOvhich contribute to excessive global warming and

threaten the living condition of both terrestrial and aquatic biodiversity.

AThe current debate on climate change, its impantsocieecological systems and the
role of agriculture has shifted from an emphasis on how to mitigate the effects of
increasing greenhouse gases emissions to how to prepare and adapt to the expected

adverse impacts(Thomaset al, 2007).



One suggestn for measuring vulnerability is to use poverty as a proxy for household
welfare, and measure the degree to which households or individuals are susceptible to
and unable to cope with adverse impacts of climate change as a change in poverty status
or chang in depth of poverty. Secorsliggestionis the use econometric analysis to
estimate either expected poverty measures or expected utility measures of vulnerability

to a shock.

Agro-ecosystems in which humans manage and use communities of plants, animals,
their biophysical environment, and their interactions (Gomgtral, 2006) can be
considered as soctakological systems. In most modern agomsystems, the native
ecosystem has been replaced and has been dominated by humans over ldagpperio
time (van Aperdoonet al, 2011). Although globally modern agexosystems are seen

as the epitome of neresilience with their monocultures and enemgfgnsive farming
practices (Holling and Meffe 1996), they are highly resilient at fixeld level. It is,
therefore, important to consider the temporal and spatial parameters in determining the
resilience of any particular agerosystem taking into account the farming system,

input and management employed over time.

Conventional farming differs from organic faing, as the latter responds to site
specific agre cultural conditions by integrating biological and mechanical practices that
foster cycling of resources, promote ecological balance, and conserve biodiversity

rather than using synthetic fertilizers, pesges, growth regulators and livestock feed



additives, organic farming systems rely on crop rotation, animal and plant manures as

fertilizers, some hand weeding and biological pest cofivdliams, 2002).

The more diverse the agezosystems and thenlger this diversity remains undisturbed,
the more internal links develop to promote greater insect stability. Therefore, any
changes on the levels of plant diversity in such systems can lead to disruptions of
natural pest control mechanisms, potentiallykimg farmers more dependent on

pesticides (Kakar, 2011).

Susceptibility is the concept which is used interchangeably with vulnerability.
According to Adger (1999), vulnerability is the extent to which a natural or social
system is susceptible to sustainigmage from climate change but vulnerability of a

system can be determined by the nature of a system itself.

Resilience can be referred tolaxc apaci ty of a system to exfg
still mai ntain its on@dlinghand Guonderson,i2@0d, 2. and
50). The resilience of a system can be determined by its exposure and vulnerability to

internal or external shocks.

1.2 Statement of theresearchproblem

During the course of this century the resilience of many ecosystemselg ik be
exceeded by an unprecedented combination of change in climate and in other global
change drivers (especially land use change ancerpkritation), if greenhouse ges

emissions and other changes continue at or above current rates (IPCC B3021)0



ecosystems will be exposed to atmospheric @@els substantially higher than in the

past 650,000 years and global temperatures that will be the highest in 740,000 years.
These two factors will alter the structure, reduce biodiversity and petnctidning of

most ecosystems, and compromise the services they currently provide (IPCC, 2007). On
the other hand, these may also present some opportunities to some ecosystems by

enhancingavourableconditions for survival.

Tanzani abds e c o grioultuye, whiehpaecoumts foranore than anerter

of GDP, provides 85% of exports, and employs about 80% of the work force (WFB,
2013). Most interesting observation is that in Kilimanjaro, which is considered to be the
main coffee producing region in fzania, cash income from coffee appears to be a
very small share of total cash income among coffee producing households (a #¥tere 8.7

of total cash income of coffee producers) (Saatial, 2006).

In addition to coffee the other cash crops grown thezesagar cane, sisal, pyrethrum

and cotton. Kilimanjaro Region is also important in terms of food crops such as
bananas, beans, rice and millet. Since the 1970s, generational fragmentation of peasant
farms in Kilimanjaro has increased in the case of aipesdemographic growth. In

such situations, potential coffee farmers (i.e., the sons of older peasants) are likely to
abandon coffee farming in |ieu of other

farms only as a last resort (Maghimbi, 2007).

Agro-ecosystems are different from natural systems in that there must be an intervention

by humans for the system to meet our needs (Cabell and Myles, 2012). In this case, the



interaction of human and natural environment would affect each other either niggative

or positively. Therefore, how these interactions are going to cause either of them to
compromise or lower the performance or its existence is the question to be addressed by
this study. Studies have been done on@®gmo sy st ems 6 r esthdse enc e,
have been done in dry land ecosystems outside the African context. This calls for urgent
research on the African context where agoosystems are said to be most vulnerable to
climate change. This study will be undertaken in mountainous-eagreystms of
Kilimanjaro Region in Tanzania whose resilience and susceptibility are yet to be well

documented.

1.30Dbjective of the study
The main objective of this study is to assess a maffeebanana agr@ c 0 sy st e ms 6

resilience to climate chandecusing on Kilimanjaro Region, Tanzania.

1.3.1Specific objectives
i. To identify the farming practices of Kilimanjaro Region and assess their

susceptibility to the impacts of climate change.

ii.  To examine the socieconomic status of the farmers in Kilimanjaro Regamd

assess their capacity to adapt to the impacts of climate change.

iii. To examine the agrecosyst ems?o natur al resilie

susceptibility to the impacts of climate change.



1.3.2Research questions
i.  What are the farming practices of Kilimanp Region and their susceptibility to

the impacts of climate change?

ii.  What are the socieconomic status of the farmers in Kilimanjaro Region and

their capacity to adapt to the impacts of climate change?

iii. Whatisthe agr@ cosyst ems O n a ttheir susceptibiéity to the e n c e

impacts of climate change.

1.4 Significance of the &udy

This study significantly aims to disclose information on climate change impacts to
ecosystem services and help policy and decision makers in formulating smart strategies
to deal with them in site specific. Also it aims to enhance awareness to local
communities and extension officers about their semtainomic practices on the
environment and their associated impacts on-agosystem taking in to account the
resilience of agroecosystem. Meanwhilethe study aims to come up with the
information on the extent to which the agrcosystem is vulnerable and inform the

local ecosystem managers on how to reduce vulnerability of that system.



LITERATURE REVIEW

2.1 Introduction

This section describesthe secondary data abouhe situation of agriculture in
Kilimanjaro and Tanzania in general with reference to its challergpecilly climate
changewhich is of no doubt unequivocallso it pinpoints the resilience issues and
index of behavioural based to agroosystems and its interaction to social ecological

systems.

2.2 Agriculture and Climate Change in Tanzania

Agriculture is clearlyone ofthe most important sectwof the Tanzanian economy. It
comprised 45.1% of GDP i2000 (World Bank, 2002). Upwards of 80% of the
population of the country relies directly on agriculture of one sort or another for their
livelihood. The three most important crops are: maize, coffee and cotton with maize
being a major food staple, coffeensjor cash crop grown in large plantations (and
contributing significantly to the GNI), while cotton is another cash crop grown largely

by smallholder farmers (Agrawadd al, 2003).

Widespread social and economic changes in the peasant society amalhege a
whole have led to a decline in coffee production in Kilimanjaro since the 1970s, despite
the fact that coffee is its principal cash cidfpaghimbi, 2007) The argument is made
that wider institutional changes, in addition to internal changgeasant households,

have contributed to the decline of coffee and the rise of maize and rice @mtieal



crops andilimanjaro peasants now produce only about 5,000 tons of coffee per year,
which is less than half the yearly amount produced, on agbsgween the 1950s and

the early 1990sKid).

A number of studies conducted recently in Tanzania have recognized that climate
change and variability is happening and is coupled with significant impacts on these
natural resources, including agricultwich is the main source of livelihood in rural
areas (Agrawal&t al, 2003; Majule, 2008). Recent research suggests that, along with
other East African countries, climate change is having significant impacts on Tanzania
(Mwingira et al, 2011).ADeteriorating water quality and quantity, loss of biodiversity
and declining agricultural productivity due to climate change, are no longer potential
threats but rather actual threats that have already materialized and caused Tanzanians

repeated misey(Yanda, 205).

So far the government of Tanzania has realized that dealing with climate change
requires local, regional and international efforts as both the causes and effects of climate
change recognize no geographical boundaries (IPCC, 2001). The country has take
some steps in addressing the issues of climate change in its widest sense and it has
ratified the United Nations Framework Convention on Climate Change (UNFCCC) in

1996.

Policies on natural resources of the country are also not framed welfjcgdlg to suit
local areas ather they are too general to cater for designated la@rability. Land

ownership is also a factor affecting the agricultural sector in Tanzania. For example, the



institution of land tenure for Tanzanian peasants has been weak thi@ days of
colonial i sm. Because the male children mu:
farm in Kilimanjaro dwindles in size with each generation, especially when the father

has no land other than the mixed coffee/banana farm where thg faesl (Maghimbi,

2007). Farms have dwindled in size to the point that the returns for most peasants are

likely to be very small, even if/when prices are fair or higidj.

2.3 Agro-Ecosystem and SociaEcological Resilience

AAgro-ecosystem can be defih as an ecosystem managed with the intention of
producing, distributing, and consuming food, fuel, and fibre. Its boundaries encompass
the physical space dedicated to production, as well as the resources, infrastructure,
markets, institutions, and peoptleat are dedicated to bringing food to the table, fibre

to the factory, and fuel to the heabtfCabell and Myles, 2012).

The primary purpose of assessing resilience is to identify vulnerabilities in-social
ecological systems so that action can be takeoreéate a more sustainable future for
people and the land (Berkes$ al, 2003). Essentially, building resilience gives agro
ecosystems the capacity to maintain the ability to feed and clothe people in the face of
shocks while building the natural capitese upon which they depend and providing a

livelihood for the people who make it functiBerkeset al.,2003).

Complex agreecosystems are able to adapt and resist the effects of climate change.

Many studies show that smaitale farmers who follow agrecological practices, cope
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with, and even prepare for, climate change, thus minimising crop failure (Altieri, 1999).
Results from studies like Natarajan and Willey (1986) on polyculture, Linda and
Abdulai (2012) on organic certification suggest thatséheractices provide a higher
resistance to climate events reduce vulnerability and make farms more sustainable in the
long term. Based on this evidence, various experts have suggested that reviving
traditional management systems, combined with the usgmfecological principles,

may represent the only viable and robust path to increasing the productivity,

sustainability and resilience of agricultural production (Altieri and Clara, 2013).

fiData from nearly three decades of research trials indicate thade-scale
implementation of established, scientifically researched and proven practical farming
methods will change agriculture from a global warming contributor to a global
warming inhibitor, from a problem to a solutidrfLaSalle, 2008:% Similar, butmore
detailed studies, are required to develop plausible predictions of local impacts as the
current models tend to operate at greater scales (regional and global) that are not
particularly useful for any one locality. This remains a great challenge ¥etageng
countries that lack the appropriate know how and human capacity (Tleomig2007)

and appropriate social economic and natural capital to manipulate their surroundings for

their better living standard.

2.4Index of Behaviour-Based Indicators onAgro-Ecosystems Resilience
Darnhoferet al, (2010) affirm that developing sets of surrogates or indicators, as

suggested by Bennett al, (2005) and Carpentest al, (2006), is a more useful
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approach to assessing resilience than trying to measutenesiitself. Cabell and
Oelofse (2012) identified thirtedmehaviourbased indicators from resilience literature
but only about five of them will be discussed hereunder. As is the case with other
indicators, systems in which they are present are maeby lik be resilient to shocks of
vulnerabilities or indicate movement away from resilience. The following are some of

those surrogates or indicators:

2.4.1Socially slf-organized

Carpenteeet al,, (2001:778) argue that the degree of-setfanization ima given social

ecological system is assessed by the extent to which the system managers force a
particular configuration as opposed to the components of that system arranging them.
Less interference allows the system to settle into a configuration thatlis ver se [ an
persistent. o The manipul ation of the | and

harvesting is in a sense a repeated disturbance (Ohlkeinalgr1999).

2.4.2Ecologically selfregulated

A self-regulating agreecosystem, as withng ecosystem, relies on the work of
regulating ecosystem services. It relies on the hydrological cycle, biodiversity, and soil
resources upon which terrestrial communities depend (Carpemnétr 2006). iThese
regulating services provide the feedback naegsms that make a system responsive
and capable of adapting to both internal and external chamg€abell and Oelofse,

2012).
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2.4.3Appropriately connected

This refers to the dynamic relationships between elements within a system and between
systems aoss spatial and temporal scalésd). Number and strength of connections

within a system and between systems can determine its capacity for adaptation,
transformati on, and overal/l responsivenes
degree of resiéince (Gunderson and Holling, 2002). Appropriate connectedness appears

as: farmers collaborating with multiple suppliers and multiple outlets, including
consumers, rather than just one; flexibility in laws that enable producers to adapt their
practices todcal and changing conditions; and access to aufapool with a wide

range of skills changes (Cabell and Oelofse, 2012).

2.4.4High degree of functional and response diversity

Functional diversity refers to the variety of elements and the ecosystemesetihay

provide within the sociagécological system (Moonen and Barberi, 2008). Each element

has a different job in making the system work. Response diversity, as defined by
Elmqgvist et al, (2003:488),isfit he di versity of responses
among species that contr i bAntagrecetosystenhteat s a me
contains a high degree of response diversity will be more resilient against various types

and degrees of natural and maade shockébid).
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2.4.5High degree of spatal and temporal heterogeneity

Heterogeneity in an unmanaged landscape results from the work of both biotic and
abiotic actors. In agrecosystems the drivers of heterogeneity are more directly
anthropogenic. Di Falco and Chavas (200&gue that an agrecosystem with a
heterogeneous pattern of land uses and crops, including crop varieties, is more resilient
against future climatic changes. A temporal aspect of heterogeneity involves shifting
cultivation which allows the long rest of the land and encasgdgjodiversity recovery

over time which may facilitate the regeneration of natural enemy and in turn maintain

the biological pest control.
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MATERIAL AND METHODS

3.1lIntroduction

The following chapter providenformation on the characteristics andtdtion of the

area under study, methods and techniques used in conducting thisT$teicdhhapter is
divided in to three sections; first section providing the description of the study area; the
second section describes different data collection techniggess during field survey.

The last section describes data analysis and presentation of findings.

3.2 Study area

This study was carried out at a specific designed transect for a selected part of
Kilimanjaro region between Kisangesangsfiwaleni and Makundchi/Kirua Vunjo of

about 21.7 km long £28N\INj8ljto 3 16NPN;j8lj and about 2 km wide (320NPNjEjto

37° 26N)N;jE)j which is located in Moshi Ruralifrict.

3.2.1Geographical location

Kilimanjaro Region is one g¢idns skuatadzinanortha 6 s
eastern Tanzanidhe region is contiguous with the Republic of Kenya to the north, to
Tanga Region in the soudast, to Arusha and Manyara Regions to the west and-south
west, respectively. Kilimanjaro Region is administrativelyidigd into seven districts,
namely Hai District Counci] Moshi District Council Moshi Municipal Council

Mwanga District CouncjlRombo District Council Same District Counciland Siha

t


http://en.wikipedia.org/wiki/Hai_District
http://en.wikipedia.org/wiki/Moshi_Rural_District
http://en.wikipedia.org/wiki/Moshi_Urban
http://en.wikipedia.org/wiki/Mwanga_District
http://en.wikipedia.org/wiki/Rombo
http://en.wikipedia.org/wiki/Same_District
http://en.wikipedia.org/wiki/Siha
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District Council The regional capital is the Municipality bfoshi. According to the
2012 national census, the region had a population of 1,640,087 inhalgltdits

2013)

AN Kilimanjaro ¢

Map 1: The map of study site

Source Chiesa ge-network site


http://en.wikipedia.org/wiki/Moshi,_Tanzania
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3.2.2Climate of the aea

In Kilimanjaro region the year is divided into four seaswitl respect to the amount of
rainfall. Two rainy seasons dpril to May as majorand a minor one in September to
November, and two dry seasons, a major one in December to January and anminor
in July to Augusimark seasonal variations due to largely influence of the-trapical
Convergence Zone (ITCZ)There is marked variation in the amount of rainfall
according to altitude and the direction of the slope in the mountainous @freas
Kilimanjaro Region The mean annual rainfall varies from 500 mm in the lowlands to
over 2000 mm in the mountainous aredighis region(over 1600 meters above sea

level) (URT, 1998).

Tenperatures are closely related wéhitude. During the rains, mooud cover and
evaporativecooling tend @ reduce maximum temperatures atoud covertends o
raise minimum temperature$iot seasos lasts from October to March with high
humidity; temperatures going up #°C the lowlandof the regionURT, 1998).In the
mountainos areas temperature ranges frdHiC to 30C while the soils of the region
varies there are alluvial soils which agood for crops cultivatiothrough irrigation

farming due to unreliabty of rainfall of these area@JRT, 1998.

The Kilimanjaro region is divided in téour ecological zones based on altitude, soils
moistureand climate. The zones include the peak of Kilimanjaro Mountain, Highlands,

Intermediate (middle) and LowlafhvannatPlains(Tambarare) ZonedJRT, 1998.
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The pak zonelies between 1,800 and 5,895 meters above sea levatandhlly it
receives annual rainfall of more than 2000 mm. The area between 1,800 and 2,400
meters is gazetteloth as the Kilimanjaro N@mnal park and Forest resenfaue to its
altitude aml weather conditions, it isninhabitedwhile the highlands zone lies between
1,000 and 1,800 meters above sea level with annual average rainfall falls between 1250

mm and 2000 mm and temperature range of betwe8@ a&d 20C (URT, 1998)

Intermediate ane lies between 900mm and 1100 meters above sea level and receives
annual rainfall ranging between 800mm and 1250 nlinhas a moderate soil fertility
which is good for coffee plantations, bananas, maize, and bearasarglitable for

dairy cattle, go&s, pgs, rabbits and poultry farming of which is the economic activities

of the indigenous of this arelowland zone lies below 900 meters above sea level and
has an average annual rainfall of between 700 and 900 mm, while temperatures are
above 3P°C (URT, 1998).Common crops grown in this zone include maize, cotton,

rice, sorghum, cassava and pigeon peas.

3.2.3Land and land use in Kilimanjaro
The region has an area of square K3y/R09of which are divided by land use of five

categories as indicateal table 1below.
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Table 1: Distribution of the area and land use for Kilimanjaro region

APPLICATIONS AREA (Km?). PERCENTAGE (%)
Arable land 6,433 48.7

Game reserve 3,051 23.1

Parks and Pastures 2,018 15.3

Forest 1,403 10.6

Water 304 2.3

TOTAL 13,209 100

Source URT, 1998

3.2.3Demographic characteristics of the region

The population in Moshi Rural District has been increasing over time since 1967 and so
has been the population density of the district. While in 1967 thelaiapu was
241,490, it has reached 504,287 by the year 2002 (William, 2003), but 2012 Population
and Housing Census for United Republic of Tanzanumdothe population of Moshi
Rural Dstrict to be466,737 which mark the decline since 199fe decline mga have

been caused by natural decrease and out migretieearch for livelihood elsewhere

outside the region.

3.3 Study Design and Sampling Design

The study employed the cressctional study design. In this type of research study,
either the entire popation or a subset thereof is selected, and from these individuals,
data are collected to help answer research questions of interest (Olsen and Daine, 2004).

However, this crossectional design used household survey closed questionnaires to
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collect socieeconomic characteristics of the respondents, and details regarding

agriculture practices, opportunities and challenges.

In this study three sampling procedures was undertak@mely purposive sampling,
simple random and proportionate sampling. In purpostsampling farmers were
selected across the transect. In g households400 households) to be interviewed,

a simple random sampling was employed to obtain representative hosssitokkhe
transect. Proportionate sampling was usesklect villges acrosthetransect, whereby

the longevity and number of villagers within the zone determined the number of villages
and respondent® be interviewedA total of six villages were sampled along transect,
these villages include Nduoni (in the upperepriwa village ih the mid upper zone),

Uparo village ih the mid lower zone), Yamu Makaa village, Uchira village and
Kisangesangeni village (in the lowerore). A total of 400 households were
proportionatelychosen alonghe transecto provide an equalepresentation whereby

the lower zone provided 150 household representation whereby three villages namely
Kisangesangeni (530 households), Yamu Makaa (777 households), Uchira (600
households) was involved. The mid lower zone involved one village (Uparoh \Wwad

747 households and provided 100 households as a sample. The mid upper provided 100
households as a sample from one village (Iwa) having a total of 528 households and the
upper zone provided 50 households representation out of 625 households an Upar
village. Sampling intensity differed according to longevity of the zone and number of
villages it containsMeanwhile the response rate of the survey was 95.75% when 383

households patrticipated fully, but addition of seven household was added to make up
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400 households as a planned samplee field assistant and one research assistant were
involved in the data collection processhich lasted for two months.e. March and

April, 2014.

3.4 Methods Used inData Collection

Basically there were two types data collected, namely secondary and primary data.
Secondary data were obtained from differemtsourceful literatures. Different
documents related to the studyreexploredor in depth understanding of how far the
problem had been studied. The sourcesluded books, journals and unpublished
literatures from the interneSecondary data also gave an insight of whatrfmdeen

covered about the research problem.

Primary data are findings from the fiel@he followingwere the methods that were used

in collecting primary data from the fiel@hese includethousehold questionnaires; key

i nf or mtemmidwsand transect walk/field observatioAbout 400 questionnaires
collaboratively designed with the manager and 6 M.Sc. scholars under the Work
Package 7of the CHIESA Projectwere administered to households to obtain their
understanding of the problem under investigatibhe operended questionsrom
discussionwas purposely designed to allow the respondentety provide their

views and undrstandig about the problerbeing investigated on the groune.{.the

status of agreecosystem, ecosystem service flow over time and the sustenance of these
services to the local population). e focus group discussions veeundertaken by

selecting six to eightigcussantper each village by summoning them for two to two
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and half an hourThree key informantgVillage agricultural officer, Ward extension
officer and District crop pest and disease specialist) were involved under interview for

in-depth clarification of agriculture status of the study area

Field observatin wasundertaken by the researcher and indicators like crop pest and
diseases, soil and water conservation strategies on the farm sowing systems, type of
crops and their management at plot level astimation of output wassedto counter

check the responses given by the respondaemdsit was based on judgement on the
relationship between the social economic activities carried out by the indigenous
farmerson the environment and how thevennment and gro-ecosystemwould be
capable to endurand become resilient againgt damageln each zone some farms

were traversed during transect waknd field observation. In the lower zone about
eight farm plots were visited for this exercise. In thel mmpper zone about four farm

plots were traversed while in the mid upper and upper zone three plots were visited

3.5Data Analysis

Data from closed questions wesealysedusing IBM Statistical Packages for Social
Sciences (SPSS) version 20 and Microsffite Excel.The open ended questions were
thematically analysed based the respons#@srmation collected through household
surveys were summarizeathd put into descriptive statisticQualitative information
collected through focus group discussioned akey informant interviews was
thematically analyzed and synchronized with household resptmseii value tdhe

information. Crop yield trend analysis from administrative offices was analyzed using
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Microsoft Office Excel 2007 to present their patteamsl trends irthe form of graphs
and tables Findings from the analysis eapresented in descriptive statisti¢ables,

charts, graphs, maps and photographs.
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RESULTS AND DISCUSSION

4.1Introduction

This particular chapter aims to analyse,adib®, interpret andiscusghe findings from
the field data collectednd its relationship with agrecosystem resilience to damage.
Socioeconomic parameters that lead to ageosystems resilience to damage also

elaborated hereunder

4.2 SocioEconomic Characteristics of Households

Among other things, the household survey wasdto gather information such age
structure, gender status, education levels, primary and secondary occupation of
howseholds and howach of these factorgletermine theasilience of agre@cosystem of

the area under study anidow they exacerbate the agroosysterd sulnerability to

climate change.

4.2.1Gender characteristics

Very few cases of gender complications ware encountered in thedigldn this case
the stug was able to balance the gendepresentatiobetween men and women of
which 196 (49%) of male contributad the survey and 204 (51%) of female were

involvedin it.

Gendemay havenfluence on agricultureral other socieeconomic parameterk the

study area mostof the householdmterviewed werdheaded bynales, which is usual
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tradition of most of African societie3.able 2 shows the gender distribution according

to zone/altitude within the transect.

Table 2: Percent distibution of respondents by gender and zones

Gender of Distributionby zones

respondents| (N=150) (N=100) (N=100) (N=50)

Lower zone | Mid lower zone | Mid upper zone| Upper zone

Male 44% 54% 56% 40%
Female 56% 46% 44% 60%
Total 100% 100% 100% 100%

Source Household Surveywlay 2014

2.4.2Age structure of respondents

To ensure the validity and reliability of responses frone household survey
guestionnaires were administered either to the heads of households or to adult children
of a householdThe mininum age was 23 years anthximum of90 years with mean of

52.5 years and 14.6 standard deviatMost of the respondents were adedween 25

54 years(57%). This was followed by middle aged of 88! years 22%). Only 20%

was covered by elders aged 65 abdve(Figure 1).
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1%

M 15-24
i 25-54
L 55-64
kd 65>

Figure 1. Age structure of the respondents

Source Field data, May 2014

4.2.3Household sizeand dependence

The size of households the surveyedvillagesvaried across zone$able 4 shows that
51% of the households alonthe transecthad between 46 household memberMore

than 19% of houseHds had 7-9 memberswhile 25.5% hadl-3 household members,

only 0.8% ofthehouseholds had between-12 members.

Table 3: Householdsize of respondents

Household Percent (%) of households per zone

size Lower zone | Mid lower zone | Mid upper zone | Upper zone
1-3 20 22 35 30

4-6 54 51 45 52

7-9 20 26 16 14

1012 4 1 3 4

1315 2 0 1 0

Total 100 100 100 100

Source Field data, May 204
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Household size varied withones with households in upper zone and mid upper zone
having fewer household members compared tad lower and lower zonesThe
households having-2 members occupied 30% and 35% of the upper and mid upper
zones, respectivel Households having-2 members occupied 20% and 22% of the
lower and mid lower zones, respectivelith arelativedifference of 23%Households
with 4-6 members coved 52% and 45% for upper and mid upper Zmespectively,
while 54% and 51% of hoebkolds having 46 members seen in lower and mid lower
zone, respectively a difference of 8%. Another remarkable variation can be seen in
households having members betwee® which covered14% and 16%n upper and

mid upper zones, respectively, whitelower and mid lower zones hab% and 26%
respectively, showing eelative difference of 16%Large household size creates high

dependence on land which is limited and reduce its outputs over time.

60 M Upper zone

H Mid upper
zone

M Mid lower
zone

M Lower zone

50

40

L

Responsein %
W
o

1to 3 4t0 6 7to 9 10to 12 13to 15
Household size

Figure 2: Comparative househdl size according to altitude

Source Field data, May 2014
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Meanwhile household dependence varies with altitude in some ways as households in
the upper and mid upper zone had 22% and 28%-6 household dependants
respectivelywhile the households havirgimilar size of dependants in lower and mid
lower zone accounts for 34% and 38%spectively, but there is neemarkable
variation in households having no any dependants across the Hatesependence in
households may results in difficult in adaptatend household diversification taking in

to account their limited resources and education which exacerbate the dependence on

landand which inturn limitagr@ c o syst ems 6 goods and servic

4.2.4Education level of respondents

Education is onef the factors that determine how people manipudaig mastetheir
surrounding environment. Education also influences the means of household income
diversification and this reduces the dependence of agriculture per se for survival and can
promote consemtion or organic agriculture which is sustainable to agpasystem.

The study showghat80% of the respondents had primary educationly 1?6 of the
interviewed respondents had secondary educatiary few (260) had technical

education (1%) tertiaryeducationwhile 1% had no formal education (Fig..3)

Educationstatushas indirect or direct influence in agegoc o sy st e msMostofes i | i e
adaptation and mitigatiorstrategieson agreecsystem may require skillhrough

formal education Most of clmate change challengesquiresophisticated knowledge

of which is learnt through formal educatidike model simulation, Disaster Risk

Reduction (DRR) strategies like forecasting of climate related disasters and disaster
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responses. Therefore, the lackaafucation may aggravate vulnerability both socially

and ecologically.

1%19,1%

M primary

H secondary/high school

i tertiary/college
(diploma)

H technician

M no formal education

Figure 3: Education status of respondents

Source Field data, May 2014

4.2 .5Household cooking energy

Cooking energy is one of the basic energy which wasodesed in ancient times

whereby human kind was able to manipulate various types of food to make them easily
edible. Hithertg cooking energy has remained as one of the primary basic needs of the
households for food preparation and to insure food securitited parameter of food
processing and feeding habiEuelwood is one oftraditional sourceof energy which

has remained the major source of fuel for

1981).
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About 94.8% of households along the transect usdssoed as their main source of
cooking energyAbout 62.5% of househoklusing wood®btainthemfrom their own
farmlands, 14.5% buy fuel woddom the market, 9.8% from neighbour farmland and
8% from gazetted forests. Only 5.2% use charcoalydfigd Peibleum Gas (LPG),
Bio-gas,kerosene, animal dung, and farm residues. This may be interpreted that, there is
heavy dependence on woods which may lead to negative implication cacagywstem

especially on the mid lower and lower zone where-fgrestry isnot supported.

Figure4: A farmer showing biogas plant in Nduoni villageper zone

Source Shirima Kelving May 2014

Due to limited economy of the housett®lunder study, it is difficulio manage biogas
sydens like the one shown in Fig.as a source of household cooking energy because
one biogas infrastructure costs not less than 1.5 million Tanzania shillings of which is
difficult for an ordinary peasant to afford and this makes them rely only on fuel woods

and few of them relied on charcoal.
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4.2.6Main source of household income

The sgudy show that about 94% of respondents identified subsistence farming as their
main source D household income. AbouB7.5% depended solely on rded
agriculture, 11.25% geended on irrigated agriculture, while 1.25% practised both
irrigated and raiffed agriculture in the lower zone. On the other hand, about 2.8% of
households depended on remittances as the main source of household income, another
1.5% depended on neagriaultural salaried jobs as their main household income
generation, and 0.8% was depending on coffee crop farming. The large percentage of
households depending on subsistence agriculture are likely to increase the agro
ecosystemsd vul nrtire ddpandence gn fadmning betaase of hoastant e
soil disturbance and lack of fallowing and mesropping practice which led to constant

fertility loss.

Table 4: Main household income by frequency and percentage

Source of income Number of households| Valid percentage(%)
Subsistence farming 378 94.5
Ranching (beef) 1 0.3
Cash crop farming 3 0.8
Non agricultural employment 6 15
Small business 1 0.3
Remittances 11 2.8
TOTAL 400 100

Source Field data, May 2014
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4.2.70ff-farm contributions

Contributions from offfarm activities reduce overdependence on agriculture and
lessens the agtec 0 sy st ems 6 v u l-expioitatiob.iHbwevey thr@sults o v er
show that very few people engaged in these activities. About 22% of houskhdlds

petty businesses varying from sale of liquor, small retail shops and crop business which
enabled them to make a little profit that allowed them to diversify household income
(Fig. 4). Another 7% of households had an employed member tagrarulturerelated
employment in government and non government organizations where thesd earn
salaries. About66% of households had no d#rm income generation sourges

therefore entirelydepended oagriculture for their livelihood.

300

200

number of households

100=

[ —

0 T T T T T T
Mone salary pension remmitances profit Wages

O fffarm contribution options

Figure 5: Household off farm contributions

Source Field data, May 2014
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4.2.8Social safety nets of households

Social safety nets can help rural households respond to more severe and more frequent
climaterelated shocks and build synergies with disassi management (DRM) and
climate change adaptation (CCA) interventions for a continuum of responses from relief
to social safety nets and to resilient rural development (FAO, 2011). Rural finance and
micro-credit can be enabling activities for adaptive cese, which are also used by
women for resiliencdéuilding activities, as documented in Sudan by Osilashaet

al. (2008) and IPCC (2014). Credit and storage systems are instrumental in supporting
families during the lean period, to prevent the salesst® to buy food when market

prices are higher (Gonzéletral, 2011).

However, the overall safety nesguation in the study area showsat about 59% of

household did not belong to any social safety net group. The social safety nets that
existed varid with altitude. In the upper zone, for example, 14% belonged to Saving

and Credit Cooperatives (SACCOs) and 10%
Kilimanjaro Native Cooperative Union (KNCU) where they marketed their coffee.

Ot her h ou s e lsafetydretd vased droma lpolitical groups (6%), staff
associations (4%) and weupperrzdns abgut46% pas a ( 4 %)
membership in the farmersdé association K
various SACCOs, while the remaining belongedther social assistance groups, such

as womenbs associations (2%).
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The situation was different in the mlower and lower zones. Abb26% of households

in mid lowerbel onged to the far mersbo

associat.i

womenods gr ahemp28 belamged ta the local SACCOs. About 22% of the

respondents in the | ower zone had

me mber s

groups. About 5.3% belonged to other social neighbourhood associations while 1.3%

wasi n the farmersod associati on.

M Upper zone

E Mid upper

Zone

M Mid lower

one

Responsein %

H Lower zone

Social groups status

Figure 6: Household social safety nets according to zone

Source Field data, May 2014

4.3.Climatic Challengeson agricultur e

Farmers haveexperienced difference climatdisasterslike droughts, floods, below

average rainfalland fewcases of strong winds whidmave altered their agricultural

productivity over time. Some of these challenges are going to be discussed hereunder.

1
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4.3.1Flood and drought status

Occurrence of different climatic disasters as mentioned above varies wih doe to
differences in altitude of the study area with droughts and floods taking high frequency
across the transect. In the upper zone with altitude betweer1PB00metres above the

sea level (m.a.s.l), about 42% reported drought as their primargtididisaster while

10% of them reported they had not experienced any type of climatic disaster. This may
be due to the fact thathese households dwt cultivate in the mid lower and lower
zonesof which aremore vulnerable to drought8bout 44% of hes households depend

on bananasas their staple food, whil8% practiced mixed farming of banana and
coffee All these farming were associated with afpestry which is common in home

gardens.

Meanwhile, 18% of these households claimed maize as theiangyr crop due to its
ability to be stored for a long time. The maize is cultivated in the mid and lower zone
from both leased plotsand owned farmlands.About 22% of household sampled in
Nduoni village in the upper zone reported below average rainfatheis primary
climatic hazard The remaining 22% of households reported a variety of other climatic
events like floods (2%), erratic rainfall (2%), hail storms (6%), landslides (2%), strong

winds (6%), and loss of top soils (4%).

In the mid upper zone witan altitude of between 13AG00 m.a.s.l,about 90%
reported drought as their primargetriment of climatic eventhat affect their

agriculturalquality andyields as shown in Fig.7 belawlhis may be because most of
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households (52%) cultivate maize agit primary crop in mid lower and lower zone
farmlands where drought cases are mostly reported. About 39% of households sampled
out in the mid upper zone depend on bananas as their primary and staple crop and only
9% reported coffee as their majashcrop. Meanwhile, about 5% households in mid
upper zone reported below average rains as their primary climatic events %thile 4
mentionedfloods because their farmlands were located in the mid lower and lower

zones which are prone to floods

The mid lower zoa of altitude between 106IB00 m.a.s.| reported almost similar
situation as the mid upper zone as 89% reported drought as their primary climatic
hazardwith the remaining households reporting variously; from below average rains
(3%), floods (3%), landslies (1%), strong winds (1%), and loss of top soils (2%) as
their primary climatic issu€ig. 7. In this zone about 67% of the households depend on
maize as their major crop and 33% depends on banana, there was no any household that
depends on coffee as th@najor crop, because of price unpredictability and falling of

market of this mp which led to its decline

In the lower zone the situation seems somehow different since 58% reported drought as
primary climatic issue while 30.6% reported floods of whselemso betrue because

of nature of terrainThis zone has an altitude of 7000 metres above the sea level in
which all the drainage from upper, mid upper and mid lower zone are directed. This
lower zone is dominated by maize as the main crop sincéo 18f0the household

sampled identified maize as their main crop although crops like sunflower, ground nuts,
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sorghum, cowpeas and vegetables are cultivhiesome few families either through

irrigation or rain fed agriculture.

About 88% of respondents adteid that the incidents of floods and droughts are
changing while 10.25% said these incidences are not changing. Meanwhile, about 61%
identified the trend of increase to these disasters while 28% admitted the trend of
decrease. The reasons for changingheké disasters was reported to be deforestation

by 26% of the respondents while 13.75% reported climate change as the causative and

4.5% said it is a matter of infrastructures.

Unfortunately,about 41.7% of respondents didt know the reasons fahangs in

trend of climatic hazards over tim&bout 45.8% of farmers who have been impacted
by drought responded to haa#eredtheir farming practices to adapt to these changes
by either formulating or improving the existing soil and water conservation
infrastructure or impree their seeds especially eartgaturity hybrid seeds. But
unfortunately they claim these infrastructures like terraces and infiltration ditches to be
inefficient due to increase in floods over time. About 51.3% of the farmers have not
changed to any system after drought and the maasons were economically driven

and lack of enough extension services.
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Figure 7: Climatic disaster responses according to altitude

Source Field data, May 2014

4.3.3Crop yield trend analysis for Kilimanjaro region

The trend of two major crops of the regimanalyzed from the data obtained from
historical records from Moshi rural district archive. The trend of maizebanana crop

from 1985 to 2013will be taken in to consideran. Regionally maize crop shws
different trend for betweeyears(Figure §. Between the year 1985 and 1991 there has
been low yield of maize regardless the land size which has very small variation in size

per year.

This might be caused by lack of enbumputs which may include improved hybrid
seeds specific for a particularicro climate within the regiomlso lack of fertilizers;
pest and disease control inputs may have been awihegthe reasons. Meanwhile

betweenthe years1986 to 1987 has shovwannegative yield in relation to land size and
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this may have been caused largely by climatic disasters like drought or extreme below

average rainfalls.

Between lhe years 1992 to 2005 the production seems to increase and probably it has
been associated withvailability and access of agricultural inputs and good climatic
condition. Also there is a slight increase in land size under cultivation which may be as
a result of availability and access of farm machinery like tractors which enable easy
landtilling; also migration to arable land mhgve been aeason behind the increase in

land under cultivation. Meanwhile there are four consecutive years thus betesgen
2005 to 2009 which shows the relative decrease in maize yield with almost similar size
of landunder cultivation. The reasons for these changes might be climatic problems and
alteration of soil quality parameters due to farming system and inputs on the land. This
trend has a closer relationship with household response as between 2003 to 2013 there
has been a decline in maize yield due to tmajorreasons being lack of enougdins

and land exhaustion
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Figure 8: A graph showing maize yield trend analysis for Kilimanjaro region

Source:Moshi Rural Dstrict archive dataMay 2014

The case of banana crop trend analysisig. 8 shows no significant changes from
1985 to 1991 and from 1991 to 2000 where there was a significant fluctuation in yield
despite the same land size under culibratMeanwhile from 2001 to 2013 there sva

no significant fluctuation in yielénd this is because banana crop is cultivated in home
gardens where it is associated with many elements of conservation agriculture ltke agro
forestry, mulching and application of farm yard manure from zero grazedd. CEtis
situation seem to have maintaingde agreecosystem stability thaensure the
consistent yield in banapeontrary to maize which is cultivated savannalplains of

mid lower zone where conservation agriculture is not taken to consideeaittthis
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cause the variation in agexosystem resilience accordingaltitudegiven the variation

in agricultural practices.
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Figure 9: A graph showing banana yield trend analysis for Kilimanjaro region

Source:Moshi Rural Dstrict archive dataMay, 2014

4.4Farming practices

Farming practices and cropping sysgearedirectly proportional to agre c 0 sy st e ms 6
resilience and this is determined largely by the conservation agriculture on farm lands.
Conservation agriculture has gbpotential to both bolster food production and enable

better management of climate risks (Veracaoal, 2007). Such practices, which include
conservation/zero tillage, soil incorporation of crop residues and green manures,

building of stone bunds, agforestry, and afforestation/reforestation of croplands,
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reduce runoff and protect soils from erosion, increase rainwater capture and seil water
holding capacity, replenish soil fertility, and increase carbon storage in agricultural
landscapes. Conservatiagriculture systems have potential to lower the costs of tillage
and weed control with subsequent increase in net returns, as found in Malawi by Ngwira

et al.(2012).

4.4.1Cropping systems

This study explored existing cropping systems in the area Ipameno cropping,
mixed cropping, crop rotation, fallowing, mulching, cover crops and inter cropping.
These cropping systems varied with altitude from lower zone to upper zone due to
variation in soil types, temperature, moisture and perhaps land sitaapralong the
transect. These cropping systems have different implication on the soils and hence
determine yield and quality. For example, when a farmer practice mono cropping, it is
difficult to maintain cover on the soil, encourages pests, diseadaegamus; and it can

reduce the soil fertility and damage the soil structure (FAO, 2007).

Due to variation of microclimates and ecological niches across transect, the farming
systems also varies with altitude. The upper zone whichredominated by home
gardens, mixed intercroppin@he growing two or more crops simultaneously with no
distinct row arrangement (Gliessman, 1p9/sem is common. About3% of
housholds practicenix intercrop 34% intercrop banana, coffee, yatnees andcover

crops About #46 of households in the upper zone practice mono cropping because their
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major farmland were locatedn the mid lower and lower zosewvhich support maize

cultivars

Figure 10: Mixed cropping at lwa village in mid upper zone (§tanjaro)

Source The authorMarch 2014.

In the mid upper zone about 42% practice mixed farming and 19% intercrop in their
home gardens as their major farmland and the mixed inter cropping involve the same
crops as in the upper zone wh86 % of househdls in the mid upper zone have their
major farmland in the lower and mid lower zone wherg fractice mono cropping of
maize as their primary and major crofhe mid lower zone where the conditions is
different from mid upper zone, mixed cropping anceintropping is highly practiced.
According to the studgbout 51% of households sampla@ctice mixed cropping and

29% practice inter cropping while 20% practice mono cropping system. This large






























































































































