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ABSTRACT 

Climate change is a global challenge to both sustainable livelihoods and economic development. In Tanzania as in most 
African countries, farming depends almost entirely on rainfall, a situation that makes agriculture and thus rural liveli- 
hoods especially in semiarid environments particularly vulnerable to climate change. This study analyses the impacts of 
climate change and variability on rural livelihoods with particular focus on agricultural production, food security and 
adaptive capacities in semiarid areas of Tanzania. The methods used in this study included focus group discussions, key 
informant interviews, household surveys and field observations. Results from the study indicate that communities un- 
derstood climate change in terms of variability in rainfall patterns and amount, temperature patterns, wind, water avail- 
ability, increased incidences of drought and decreased agricultural productivity. Communities in the study area ac- 
knowledged that while rainfall amounts have decreased over the last thirty years, temperatures have increased, an ex- 
perience is also supported by meteorological data. Such changes were claimed to have reduced agricultural productivity 
particularly due to prolonged drought, inadequate and uneven distribution of rainfall as well as unpredictable onset and 
ending of rains. Stressors such as crop diseases and pests, low soil fertility and inadequate extension services were also 
reported to contribute to the decline in agricultural productivity and re-occurrence of food insecurity. In response, 
communities have developed multiple adaptation strategies, including growing of drought tolerant and early maturing 
crop varieties, increasing wetlands cultivation, water harvesting for small-scale irrigation and livestock keeping. How- 
ever, households with limited livelihood assets are more vulnerable to the impacts of climate change and food insecurity. 
The study argues that diversification of adaptive strategies, such as water harvesting for small-scale irrigation, integra-
tion of livestock and crop production are crucial to ensuring sustainable livelihood in a changing climate.  
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1. Introduction 

Studies done in different parts of the world have shown 
that there is a wide agreement among the scientific 
community that climate variability and change is taking 
place with impacts on the people’s livelihoods [1] and 
that various coping mechanisms have evolved and are 
still evolving in the various communities [1-3]. Africa is 
one of the most vulnerable continents to climate change 
and variability, a situation that is aggravated by the in- 
teraction of multiple stresses, occurring at various levels 
[1,4]. This is partly due to low adaptive capacity and 
higher reliance on natural resources, such as agricultural 
land, forests and water which are very sensitive to 

changes affecting the environment. Some countries in 
Africa already face semiarid conditions that make agri- 
cultural production challenging, and climate change will 
likely reduce the length of growing seasons as well as 
force large areas of marginal agricultural potential out of 
production [1,5,6]. For instance food production assess- 
ment indicates that domestic food production has already 
declined by 10% in several of the sub-Saharan countries 
[5]. It has also been projected that a reduction in yield in 
some countries would be as much as 50% by 2020, with 
small-scale farmers being the most affected [1]. Ecosys- 
tems, land use and livelihoods of local communities are 
among the aspects influenced by climate change and 
variability [4].   

In most African countries agricultural production de- *Corresponding author. 
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pends almost entirely on the rainy season, a situation that 
makes Africa particularly vulnerable to climate change. 
Increased droughts negatively affect food availability, as 
it happened in the horn of Africa and southern Africa 
during the 1980s and 1990s [1,7]. Many regions are 
likely to be adversely affected by climate change [1,4], 
including the mixed arid-semiarid systems in the Sahel 
and the rangelands in parts of eastern Africa, the systems 
in the Great Lakes region of eastern Africa, the coastal 
regions of eastern Africa, and many of the drier zones of 
southern Africa [1,7]. With a temperature increase of 3˚C 
alongside the global warming anomaly, about 250 - 550 
million people may be at risk of hunger with more than 
half of these people concentrated in Africa and Western 
Asia [7]. Thus Tanzania with more than one-third of its 
land area in the semiarid environment faces the risks of 
negative impacts associated with climate change [8]. 
Given the poverty level and high dependence on agricul- 
ture and natural resources, the country may be quite vul- 
nerable to future climatic changes [9]. Agriculture is the 
main source of employment and livelihood for more than 
two thirds of the Tanzanian population, and the most 
important economic sector in terms of food production 
[10]. However, according to URT [11] most of the agri- 
cultural production is rainfed, a situation which makes it 
more vulnerable to climate change and variability. The 
impacts of climate change in agriculture include de- 
creased production of different crops mainly associated 
with recurrent droughts, floods, increasing crop pest and 
diseases and shift of growing seasons [8,11]. For instance, 
the severe droughts of 1994-1996 and 2005/2006 which 
hit most parts of the country led to acute food shortages, 
food insecurity, water scarcity, hunger and acute shortage 
of hydropower [11].  

An analysis of climate trends reveals that climate 
change poses significant risks for Tanzania. While pro- 
jected changes in precipitation are uncertain, there is a 
high likelihood of temperature increases which may have 
variable impacts on different sectors. Climate change 
scenarios across multiple general circulation models 
show increases in country average mean temperature. 
Predictions show that the mean daily temperature will 
rise by 3˚C - 5˚C throughout the country and the mean 
annual temperature will rise by 2˚C - 4˚C. Predictions 
further show that areas with bimodal rainfall pattern will 
experience increased rainfall of 5% - 45% and those with 
unimodal rainfall pattern will experience decreased rain- 
fall of 5% - 15% [11,12]. In most parts of the country 
rains are increasingly declining and cycles are detrimen- 
tally changing. Already the frequency and intensity of 
extreme weather events such as drought and floods have 
increased affecting climate sensitive sectors such as ag- 
riculture [10]. Various studies done in Tanzania have 
shown a general increase in temperature over the last 30 

years as well as decreasing rainfall over the same period 
in most parts of the country [13-15]. The sectors poten- 
tially impacted by climate change among others include 
agriculture, forestry, wildlife, water resources, coastal 
resources, wetlands and livestock, human health, energy, 
industry and transport [9]. Livestock is at risk with ani- 
mals dying alongside deteriorating pasture condition and 
drying water sources. Tanzania’s National Adaptation 
Programme of Action (NAPA) has ranked agriculture as 
top in the list of sectors whose dependent population is 
most vulnerable to foreseeable climate change [11].  

It is in this context that this study was conducted to 
establish the climate change impacts in various sectors 
and agro-ecosystems and determine how vulnerable local 
communities are coping and/or adapting to associated 
risks. The main objective of this study was to assess the 
impacts of climate change and variability on rural liveli- 
hoods with particular focus on agricultural production, 
food security and existing adaptive capacities in the 
semiarid areas of Tanzania.   

2. Methodology 

2.1. The Study Areas 

The study was carried out between February and June 
2008 in Shinyanga and Singida regions both located in 
the semiarid zone of Tanzania. One district from each 
region was selected representing districts that had often 
experienced food insecurity. The corresponding dis- 
tricts involved in this study were Shinyanga Rural and 
Manyoni district for Shinyanga and Singida regions re- 
spectively. Two villages were selected from each of the 
districts, namely Ibingo and Ng’wang’hosha in Shin- 
yanga Rural and Kitopeni and Mvumi in Manyoni (Fig- 
ure 1).  

Manyoni district lies between 6˚7˚S and 34˚35˚E co- 
vering an area of 28,620 km2 that is about 58% of the 
entire area of Singida Region. It lies within the semiarid 
areas of Tanzania where there are frequent food short- 
ages due to uncertainty of rainfall [16]. Thus the area 
provides an opportunity to study impacts associated with 
community livelihoods. Climatically, Manyoni District 
has a unimodal rainfall regime, which spans from No- 
vember to April. The long-term mean annual rainfall is 
624 mm with a standard deviation of 179 mm. The long- 
term mean number of rainy days is 49 with a standard 
deviation of 15 days. Generally rainfall in the District is 
low and unreliable. Temperatures vary according to alti- 
tude. The annual mean, maximum and minimum monthly 
temperatures in the District are 22˚C, 24.4˚C (November) 
and 19.3˚C (in June) respectively [17]. The 2002 popula- 
tion and housing census show that Manyoni district had a 
total population of 204,482 people with a growth rate of 
2.7% [18].    
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Figure 1. Map of Tanzania showing the location of the districts (shaded) and villages studied. 
 

Shinyanga Rural district lies between 31˚ and 35˚E 
and 2˚30' and 4˚25'S, covering an area of 8906 km2. The 
district borders Kishapu in the east, Kahama in the west, 
Geita and Kwimba districts in the north, and Igunga and 
Nzega in the south. The long-term mean annual rainfall 
is between 750 and 900 mm that is received from mid- 
October to December and then February to mid-May [19]. 
The dry season occurs between mid May to mid-October. 
During such period the soils are hard to cultivate, pasture 
becomes very poor in quality and quantity and availabi- 
lity of water for domestic use and livestock become an 
acute problem. The temperature ranges from 12.9˚C be- 
tween June and October and 34.7˚C between January and 
mid-March. According to the 2002 population and hous- 
ing census Shinyanga Rural district had a total popula- 
tion of 276,393 people [18].  

2.2. Data Collection and Analysis 

In this study different methods and techniques were used 
to collect qualitative and quantitative data from both 
primary and secondary sources. Secondary data were ob- 
tained from reviews of both published and unpublished 
literature from various sources. Results from these re- 
views have been used to support various aspects related 
to the study. Primary data sources included structured 

and semi-structured interviews for households and key 
informants respectively, participatory assessments and 
physical observation.  

Participatory methods included focus group discus- 
sions and key informant interviews at village level and 
district level. This was aimed at capturing the diversity of 
livelihood activities that reflect adaptive capacity and 
extent of community vulnerability to climate change. The 
participatory methods were used to establish among others 
the perceptions of climate change and its influence on 
food security, existing adaptive capacities and extent of 
vulnerability of local communities to climate change. 
The focus group discussion comprised of 12 - 15 people 
representing various livelihoods and age groups in each 
village. The key informants were drawn from district 
officials, extension workers and elderly people in the 
respective villages. Physical observations were also made 
in the field to capture and crosscheck issues raised in the 
focus group discussions and key informant interviews, 
such as crop production and food situation in the respec- 
tive areas.   

Household interviews were conducted using structured 
questionnaires to complement the more qualitative infor- 
mation from participatory assessment and from docu- 
mentary sources. A sample of 5% of the village house- 



Climate Change, Adaptive Strategies and Rural Livelihoods in Semiarid Tanzania 269

holds was randomly selected for interviews with equita- 
ble representation from all sub-villages in the respective 
village. A total of 96 households were selected, including 
61.5% and 38.5% male and female respondents respec- 
tively. The age of respondents ranged between 19 and 90 
years.  

Qualitative data analysis was done through triangular- 
tion of narratives from focus group discussion, key in- 
formant interview and evidence from field observations. 
The summaries of the narrations are used in the discus- 
sion in subsequent sections. Quantitative data were coded, 
processed and analysed using Statistical Package for So- 
cial Science (SPSS). Frequency distribution and cross 
tabulation were used to compare different variables 
within and across villages. Climatic data such as rainfall 
and temperature were analysed using Excel to generate 
graphs showing patterns of various aspects of changing 
climate.  

3. Results and Discussion 

3.1. Local Awareness and Perceptions of Climate 

Results from this study indicate that communities have a 
clear understanding of climate change. The concept “cli- 
mate” is perceived differently at different levels of con- 
ceptualization. Discussion with stakeholders at the vil- 
lage level in the study areas has shown that people un- 
derstand climate as, among others, rainfall, drought, tem- 
perature, wind and floods (Figure 2). At the regional and 
district levels it is perceived as dynamics in weather con- 
ditions that cause changes and/or variability in rainfall 
patterns, temperature patterns, wind velocity, surface and 
ground water regimes. Such changes are perceived to 
lead to years of prolonged drought or unpredictable ex- 
cessive rainfall often associated with decreased agricul- 
tural productivity. The majority of the respondents (76%) 
had attained primary education, hence they had a broad 
understanding of the linkages between climate change 
and various livelihood issues.  

Figure 2 shows that drought and rainfall ranked the 
highest among the aspects mentioned to indicate the local 
understanding of climate, as reported by 91.9% and 
91.7% of the respondents in Manyoni and Shinyanga, 
respectively. Concerns about drought were raised more 
in these districts because of the recurrent experiences of 
droughts, hence its local association with climate. Tem- 
perature was reported as the third aspect explaining cli- 
mate change at the local level, a concern raised by 75% 
of the respondents. Other aspects such as floods and hu- 
midity were mentioned by smaller proportions of re- 
spondents, indicating that they are not a common occur- 
rence.    

In all the study areas there was a general feeling that 
rainfall pattern has been decreasing during the last 20 

years as expressed by 81.3% of the respondents, hence 
their concern about droughts. This is an indication that 
rainfall is one of the parameters that may be seriously 
affected by changing climate. At the village level the 
concept “climate change” was associated with weather 
conditions particularly rainfall inconsistencies and un-
predictability over years rather than actual change. Major 
concerns were related to indicators like reduced amounts 
of rainfall, rainfall coming late, increased temperatures 
and incidences of drought, variations in agricultural sea- 
sons and decreased crop productivity (Table 1).    

The general community concern about decreased 
amounts of rainfall is supported by long-term rainfall 
data from Shinyanga meteorological station (Figure 3). 
About 7.3% of the respondents reported that rainfall has 
increased over the past few years. These could possibly 
be motivated by the extreme events such as El Niño that 
took place fifteen years ago. The increasing rainfall trend 
is evident in the meteorological data from Manyoni me- 
teorological station (Figure 4), which shows a slightly 
increasing trend since 1985. This trend seems to support 
the concern of some of the respondents that rainfall is 
increasing. However, in both districts, rainfall exhibited 
considerable annual variations. Despite the slight in- 
crease since the mid-1980s, rainfall records from the 
early 1960s for Manyoni district show that there has been 
a steady decrease in amounts. Both patterns may imply a 
changing climate, with variable impacts on agricultural 
production and rural livelihoods as discussed in Section 
3.2.    
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Figure 2. Local understanding of the climate in Manyoni 
and Shinyanga rural districts. 
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Figure 3. Annual rainfall for Shinyanga district (1985- 
2009). 
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and/or experienced increase in rainfall could be associ- 
ated with the locally reported increase in crop productivity 
as one of the indicators of climate change (Table 1). 

The locally perceived increase in the amount of rain-
fall for Manyoni district concurs with projections that 
with climate change some parts of the country will re-
ceive increased amounts of rainfall [20]. The projected The monthly rainfall is also highly variable (Figure 5).  
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Figure 4. Annual rainfall for Manyoni District (1985-2009). 
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Figure 5. Mean monthly rainfall for Manyoni (top) and Shinyanga (bottom) meteorological stations. 
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Table 1. Percent responses on local indicators of climate change. 

District 
Local indicators of climate change 

Manyoni Shinyanga (Rural) 
Total 

Rainfall coming late in seasons 83 83 83 

Increased incidence of drought 83 67 75 

Decreased crop productivity 88 54 71 

Outbreak of human diseases 67 67 67 

Outbreak of livestock diseases 67 67 67 

Outbreak of plant diseases 67 67 67 

Increased temperature 58 58 58 

Shortened growing seasons 58 54 56 

Re-occurrence of food shortage 58 50 54 

Rainfall coming too early in the season 50 54 52 

Increased rainfall amount 42 63 52 

Decreasing number of livestock 54 38 46 

Increased crop productivity 29 54 42 

Changes in types of livestock 25 33 29 

Emergency of new plant species 21 33 27 

Emergency of new animal species 13 29 21 

Source: field survey 2008. 

 
The mean monthly rainfall in Manyoni was more evenly 
distributed during the period 1971-1980 and 1981-1990, 
while it was more variable in other periods (Figure 5). 
In Shinyanga, the monthly rainfall was more evenly dis- 
tributed during the period 1991-2000 compared to other 
periods. However, in both study areas the rainfall peaks 
are recorded in January-December and in March, with a 
dry-spell in February. Inadequate rainfall during this 
critical crop growing season may have had considerable 
negative effects on crop production, leading to the gen- 
eral local concern that rainfall amounts have decreased 
over time.  

The remaining 11.5% of the respondents were of the 
opinion that rainfall patterns have not changed during the 
last few years. Their response could be associated with 
little experience of the long term rainfall patterns of these 
areas, especially for the inhabitants who have settled in 
the study area only recently. Table 2 shows that only 
about 43% of the respondents were born in the studied 
villages. The 57% in-migrant respondents could be li- 
mited in their understanding of the local environments in 
the villages they are found today.  

It was generally acknowledged that while rainfall 
amounts have decreased considerably over the last twenty 
to thirty years, temperatures have increased. About 81% 
of the households claimed that their areas have been 

generally warmer while 19% of respondents reported that 
the area has been cooler (Figure 6). Temperature records 
for Shinyanga meteorological station show that there has 
been a steady temperature increase since the mid-1980s 
(Figure 7), which concurs with the majority local per- 
ceptions. Temperature records for Manyoni could not be 
obtained; however, data from a neighbouring station, 
Dodoma, with similar semiarid agroecological conditions 
have been used to present proximate conditions (Figure 
8), as it shows similarly increasing trends. 

3.2. Implications of Climate Change on Rural  
Livelihoods 

While climate change is a global phenomenon, people 
will be differently affected by its local impacts. Among 
other impacts, changing temperature and precipitation 
patterns will have a profound impact on the natural re- 
source base world-wide, and on the income and lively- 
hoods of people that depend on these resources [1]. Eco- 
nomic analysis of these local impacts of climate change 
need to be undertaken to establish how local natural re- 
sources will be affected in terms of productivity, dynamics 
and, subsequently, how local income and livelihoods will 
be influenced as a function of changes in resource avail- 
ability, changes in demand for resources and adaptation 

ptions, among others [21-23]. o 
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Figure 6. Local perception of temperature conditions for the past 20 years in Shinyanga Rural and Manyoni Districts. 
 

y = 0.0206x + 30.237

R2 = 0.1223

28.5

29.0

29.5

30.0

30.5

31.0

31.5

1
98

7

1
98

8

1
98

9

1
99

0

1
99

1

1
99

2

1
99

3

1
99

4

1
99

5

1
99

6

1
99

7

1
99

8

1
99

9

2
00

0

2
00

1

2
00

2

2
00

3

2
00

4

2
00

5

2
00

6

2
00

7

2
00

8

2
00

9

Year

M
e
an

 a
n

n
u

a
l t

em
p

e
ra

tu
re

 (
C

)

 

Figure 7. Mean annual temperature for Shinyanga meteorological station (1987-2009). 
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Table 2. Percentage responses on places of origin of the respondents. 

Manyoni Shinyanga Rural 
Places where born 

Kitopeni Mvumi Ibingo Ng’wang’hosha 
Total 

Born in the village 14.3 60 59.3 42.9 42.7 

Born outside the village but within the district 53.6 40 22.2 23.8 35.4 

Born outside the district but within the region 28.6 0 3.7 23.8 14.6 

Born outside the region 3.6 0 14.8 9.5 7.3 

Total 100 100 100 100 100 
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In Tanzania the agricultural sector is central to sus- 

tainable development, as it is the mainstay of over 75% 
of the population, accounting for 45% of the GDP, and is 
vital for ensuring food security and alleviating rural pov- 
erty. Thus assessing vulnerability of agriculture to cli- 
mate change and planning adaptation interventions is 
crucial for sustaining rural livelihoods. Agriculture, in- 
cluding both crop and livestock production, is the major 
livelihood activity in the studied villages, other activities 
being trading various commodities, such as crops, petty 
businesses and casual labour (Table 3). This section fo- 
cuses more on the agriculture, which is the major source 
of livelihoods for most people of the study area.   

3.2.1. Implications of Climate Change on Agriculture 
Agricultural productivity was reported to have declined 
in both study areas, mainly due to natural factors such as 
drought and strong winds, and in some instances also due 
to floods as was the case during El Niño events. The im- 
plications of climate variability/change was assessed in 
terms of crop productivity trends for both food and cash 
crops, changes in types of crops produced, farming sys- 
tems, and patterns in agricultural related activities, inci- 
dences of crop pests and diseases.  

Respondents were asked during household interviews 
about the types of crops they produced. The study find- 
ings show that a diverse set of crops is grown in the 
studied districts. However, in both districts crop produc- 
tivity was reported to be declining. The respondents were 
also asked to indicate whether there are crops that had 
been abandoned. Respondents in Manyoni indicated that 
they had abandoned Bambara nuts, beans and bulrush 
millet. In Shinyanga Rural District it was also reported 
that local maize varieties have been abandoned.  

The reasons advanced for changes in types of crops 
produced varied between places. However, it appeared 
that the major cause for a decline in production of maize 
was drought. Other crops that were reported to have been 
affected by drought conditions were finger millet, beans, 
cowpeas and groundnuts, mainly due to shortened grow- 
ing seasons associated with drought incidences. Discus- 
sions with extension workers in the area confirmed the  

observations from the local farmers. Untimely supply of 
drought tolerant crop seeds was mentioned as a factor for 
some farmers abandoning crops that cannot perform well 
under conditions of changing climate. 

The decline in the production of crops such as cow- 
peas and groundnuts was also reported to be associated 
with drought conditions and crop diseases. Other causes 
included a decline in soil fertility. This could be attrib- 
uted to continuous cropping of the same pieces of land or 
to the increasing temperatures that increase the rate of 
organic matter decomposition. Scientific research seems 
to support local people’s concern about the shortening of 
the growing season in parts of central Tanzania, in which 
Manyoni district is a part [20]. It is argued that warmer 
temperatures lead to accelerated phenology, shortening 
the growing season which consequently reduce potential 
crop yield [20]. Thus warmer temperatures in combina- 
tion with reduced rainfall lead to declining yields.  

Another type of change recorded for Shinyanga was 
the shift from growing cotton to sunflower due to 
drought and increased incidences of crop pests and dis- 
eases. The high prices of agro-chemicals and low prices 
for the crop at the market have forced some farmers to 
shift to other crops. It was further reported in Shinyanga 
Rural district that chickpea production has increased due 
to favourable climatic conditions for this crop and the 
availability of ready markets as indicated by about 3% of 
the respondents.  

As noted in the previous discussion, almost all house- 
holds are involved in crop production as their main 
source of livelihood. This suggests that when such activi- 
ties are impacted by climate change it may have serious 
consequence on household food security and general 
livelihoods. Thus involvement in other economic activi- 
ties besides agriculture strengthens the household adap- 
tive capacity when agriculture is negatively affected. 
Such activities complement each other in supporting 
household livelihoods.  

Since agriculture in Tanzania is predominantly 
rain-fed, it is anticipated that where the frequency and 
intensity of droughts increase, this will affect agricultural 
production, thereby severely reducing the supply of 

 
Table 3. Main livelihood activities in the study area. 

Manyoni Shinyanga Rural 
Livelihood activities 

Kitopeni Mvumi Ibingo Ng'wang'hosha 
Total 

Crop cultivation 100.0 95.0 100.0 100.0 99.0 

Livestock keeping 57.1 35.0 63.0 57.1 54.2 

Crop trading 32.1 15.0 25.9 28.6 26.0 

Casual labour 21.4 25.0 25.9 28.6 25.0 

Petty business (e.g. kiosks, food vending) 32.1 5.0 25.9 19.0 21.9 
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various crops. In addition, a decrease in amounts of rain- 
fall, increased evapo-transpiration associated with in- 
creasing temperatures and seasonal unpredictability will 
have serious consequences on crop yields, shifts in 
agrodiversity, and increased outbreaks of pest and dis- 
eases. Hussien et al. [24] report, for instance, that in- 
creased moisture stress has been found to result in the 
emergence of new weed species in Ethiopia, such as the 
parasitic Alectra vogelii attacking groundnuts. Severe 
infestation with this new weed species was observed in 
groundnuts in the Erer valley, with a subtropical sub- 
humid climate showing moisture stress. Thus the prob- 
lem of weeds is likely to be compounded under changing 
climate which is likely and already causing increased 
moisture stress especially in the dryland areas. A de- 
crease in agrodiversity compounded by climate change 
will have severe consequences on food security as it usu-
ally is an insurance in events of drought and pest attacks 
[25]. Climate change results in increased water scarcity, 
reduced river flows and water storage, which seriously 
affect crop production, especially of irrigated crops like 
rice.  

3.2.2. Incidences of Insect Pests, Diseases and Vermin 
About 71% of the respondents indicated an increase in 
incidences of crop pests. In Manyoni district, for instance, 
the most serious pests reported were weevils, birds, stalk 
borers, large grain borers, and vermin such as rodents, 
monkeys and wild pigs. In Shinyanga (Rural) district the 
crop pests of major concern include cotton stainers, cut- 
worms and armyworms. Concerning pests, a consider- 
able proportion of respondents (42%) reported that there 
are new and emerging pests in their areas. The emerging 
pests in these districts included rodents, armyworms, 
bollworms, stalk borers, larger grain borers and leaf 
hoppers. It should be noted, however, that though these 
pests were mentioned by some farmers as emerging pests, 
it does not necessarily imply that these pests were com-
pletely absent from the area in the past. It could possibly 
be that the incidences of such pests have increased. What 
is commonly known in the literature is that with chang- 
ing climate there are increased incidences of crop pests 
and diseases [13,20,26,27]. Maina and Lale [28] report, 
for instance, that the survival of some stored product 
insect pests such as Callosobruchus maculatus of cow- 
peas is influenced by temperature and humidity, where 
these factors set the lower and upper limits for egg laying 
and progeny development in populations of this insect 
pest. In addition, the proportion of eggs that develop to 
adulthood is significantly lower in the cold seasons than 
in the hot or rainy seasons. What is yet to be confirmed, 
however, is whether the increase in such incidences at 
local level is due to climate change/variability or other 
factors. 

3.2.3. Impact of Climate Change on the Livestock  
Systems 

Livestock production is one of the production systems 
that are potentially vulnerable to climate change/vari- 
ability. Respondents in this study indicated that due to 
low rainfall conditions, pastures have decreased signifi- 
cantly leading to low livestock production in terms of 
calves, milk and meat. A similar observation was also 
reported by Kangalawe et al. [29]. In addition, since 
rainfall seasons have increasingly been unpredictable, 
pastures have become inadequate as compared to previ- 
ous years. As a result livestock production is locally be- 
lieved to have declined. It was asserted that because of 
the unfavourable pasture conditions the livestock do not 
have sufficient to feed on; they are generally weak and 
may not breed as efficiently as would do under favour- 
able conditions. Generally, shortage of pastures due to 
changing climate may result in competition for available 
land, causing conflict and insecurity.  

Warmer temperatures lead to vegetation drying faster 
and drinking water becoming scarce much faster after the 
end of the rainy seasons. Furthermore, livestock forage 
productivity and palatability may decline as plant com- 
position changes due to increased temperature and re- 
duced rainfall. In addition, livestock diseases become 
more frequent with climatic extremes. As such livestock 
forage amount and quality may decline as rangeland 
plant composition changes due to temperature, rainfall 
and CO2 concentrations. Climate projections indicate that 
droughts impact faster and may have more severe con- 
sequences on livestock, wildlife and people. One of the 
possible risks is that livestock and human diseases will 
be more frequent with climatic extremes. Already human 
diseases such as highland malaria and cholera have be- 
come more prevalent in several parts of Tanzania and 
East Africa, for example in the Lake Victoria basin 
[13,26,27]. Cholera epidemics for instance are associated 
with the anomalously warm and wet El Niño years, such 
as the situation that prevailed in 1982 and 1997 [26]. In 
Shinyanga, for example, incidences of livestock diseases 
like bloody diarrhoea, black quarter and foot and mouth 
disease were reported by respondents to have become a 
common phenomenon. High concentrations of livestock 
and wildlife in the fewer areas with ample pastures and 
water within the semiarid environment, e.g. wetlands and 
forests, may also lead to land degradation, for example, 
through overgrazing and deforestation.  

Due to shortage of pastures and water associated with 
the changing climate, seasonal migration of livestock has 
been intensified in search for water and pastures. Socio- 
economically, such migrations were reported by respon- 
dents in this study to affect children who fail to go to 
school because of travelling long distances looking for 
pastures and water for the livestock. Among the destina- 
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tions for the livestock migrating from places like Shin- 
yanga have been Singida, Dodoma, Tabora, Mbeya, Ir- 
inga and Morogoro regions. Studies elsewhere have 
shown that this has had considerable environmental and 
socio-economic consequences [29-31], including land 
degradation and destruction of water catchments in re- 
cipient areas. Degradation of water catchments, e.g. 
through deforestation may be responsible for increased 
carbon emission, which further influences climate change. 
In many developing countries particularly in Africa loss 
of forestry because of deforestation and forest degrada- 
tion arising from farming activities, timber logging and 
fuelwood collection is considered to be the primarily 
cause of green house gas emission [32]. Tropical defor- 
estation is estimated to contribute about 25% of the net 
annual CO2 emissions mainly from slashing and burning 
of high-biomass vegetation and decomposition of soil 
organic matter [33]. 

3.3. Community-Based Adaptation Strategies to 
Impacts of Climate Change and Variability 

In response to changing climate, communities in the 
studied villages have developed multiple strategies to 
adapt to changing environmental conditions. For instance, 
adaptation to drought conditions is achieved through 
various methods, including the growing of drought tol- 
erant and fast maturing crop varieties, buying food, in- 
creasing wetlands cultivation and livestock keeping, and 
where feasible, water harvesting, buying supplementary 
foods, practicing mixed cropping and increased emphasis 
on small stocks (Table 4). Households with limited liveli- 
hood assets were seen to be more vulnerable to the im-  

pacts of climate change, especially on food insecurity, 
because of limited adaptive capacities. 

3.3.1. Emphasis on Drought Tolerant Crop Varieties 
Cultivation of drought and/or pest tolerant crops varieties 
is one of the local adaptation strategies to the impacts of 
climate change, especially those associated with unreli- 
able and unpredictable rains. As indicated in Table 4, 
about 98% of the respondents considered growing of 
drought tolerant crops varieties as an important mecha- 
nism especially for addressing droughty conditions. This 
points to a long experience with drought conditions to the 
extent that nearly all community members understand the 
importance of using drought tolerant crops or crop varie- 
ties. As such most farmers have tried to adapt by planting 
several varieties of sorghum and other drought tolerant 
crops such as sweet potatoes and green grams. 

In several instances rainfall was reported to have been 
received in amounts above average, and communities 
had to adapt to such eventuality. Under such situations 
the main adaptation mechanisms reported have included 
growing water demanding crops, such as rice (32.2%), 
buying supplementary food (31.2%) and constructing 
drainage ditches in farms (29.5%). Only a small propor- 
tion (2.2%) of the respondents reported migration outside 
their villages as a result of excessive rains affecting their 
local livelihoods. However, a few people (4.9%) reported 
to have no adaptation mechanisms for excessive rainfall, 
mainly including the resource poor households. On the 
other hand, this may reflect the fact that in many in- 
stances excessive rainfall is not always viewed by the 
local communities as a major problem as compared to 
droughts. 

 
Table 4. Percentage responses on community adaptation to drought conditions. 

Adaptation mechanism Manyoni Shinyanga (Rural) Total 

Growing drought tolerant crops 100 95.8 97.9 

Growing fast maturing crops 66.7 75 70.9 

Buying supplementary foods 66.7 62.5 64.6 

Crop diversification and mixed cropping  37.5 50 43.8 

Emphasis on small stocks (small animals) 37.5 37.5 37.5 

Reducing areas cultivated 4.2 41.7 23.0 

Emphasis on livestock keeping instead of crops 16.7 25 20.9 

Seasonal migration of livestock keepers 20.8 20.8 20.8 

Irrigation (wetland cultivation) 8.3 29.2 18.8 

Distributing livestock herds in different places 12.5 12.5 12.5 

Rainwater harvesting 4.2 16.7 10.5 

Migrating to other places (permanently/temporarily) 8.3 4.2 6.3 

Growing non-traditional crops 4.2 0 2.1 

Early planting 0 4.2 2.1 

Casual labour 4.2 0 2.1 
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3.3.2. Crop Diversification 
Several climate change coping and adaptation strategies 
have been identified in Manyoni and Shinyanga districts, 
including crop diversification (Table 4). The study ar- 
gues that diversification and adaptive strategies such as 
water harvesting for small-scale irrigation, integration of 
livestock and crop production, and non-farm activities 
are crucial to ensure sustainable livelihoods in a chang- 
ing climate. In the study areas, 46.7% of the respondents 
indicated to be entirely engaged in crop cultivation, in- 
volving a diversity of crop types. Crops are grown in 
diverse mixtures, aiming at increasing farm productivity 
and avoiding the risk of crop failures. Growing crops 
with different growth requirements ensures that even 
under stressful environments such as drought, some har- 
vest can be obtained. Such experiences are also reported 
for other parts of semiarid Tanzania [34]. About 50.5% 
practiced agro-pastoralism. A small proportion of re- 
spondents (6.6%) reported to be involved with agro-for- 
estry. The implication of these findings is that in semi- 
arid environments livelihoods are diversified by combin- 
ing crop production and livestock keeping and/or agro- 
forestry, as well as various other non-farm activities. 
Crop diversification and livestock keeping are viewed as 
risk adverse strategies especially in semiarid environ- 
ments [34-36].   

3.3.3. Wetland Cultivation 
Respondents close to wetlands reported to practice irri-
gation or wetland cultivation as a means of reducing the 
impacts of drought and high temperatures in the soil, 
since wetlands are relatively cooler and moister than up- 
land fields. However, the poorly developed irrigation 
facilities limit this practice to only small plots. The pro- 
portion of respondents reporting this practice was rela- 
tively small (18.8%), indicating that irrigation is not a 
common practice in the study areas. In some places, es- 
pecially in these dryland areas, even wetland cultivation 
may not be so reliable in ensuring sustainable livelihoods 
especially if they dry up early in the season [31]. 

3.3.4. Integration of Livestock in the Farming System 
In Manyoni and Shinyanga Rural Districts, as well as 
other semiarid environments it is traditional to keep large 
herds of livestock as a sign of wealth and as a status 
symbol. It is for these reasons that many farmers in such 
areas invest in livestock whenever they get resources 
from other economic activities [29,37,38]. While such a 
practice has guaranteed a livelihood for the respective 
households in times of crop failure due to unreliable cli- 
matic conditions and/or other factors, they have also been 
a cause for environmental degradation especially through 
overgrazing. Local experience shows, however, that as a 
result of climate change and its impact on the availability 

of pastures and water, many farmers now put more em- 
phasis on small stocks whose fodder and water require- 
ments are smaller, as expressed by 37.5% of the respon- 
dents. The small stocks include goats and sheep.  

As a result of climate change, which has made crop 
production rather unpredictable because of variations in 
rainfall patterns, many farmers have put more emphasis 
on livestock keeping instead of crops, as reported by 
20.9% of the respondents (Table 4). Livestock are often 
sold in times of need. Selling of livestock appeared to be 
a major means of dealing with food shortages in Manyoni 
and Shinyanga Rural Districts, and appears to be a cop- 
ing strategy closely associated with semi-aridity. The prac- 
tice is also common in other parts of the semiarid areas in 
the country [37,39].  

3.3.5. Diversification into Non-Farm Livelihood  
Activities 

Other adaptation strategies against changing climate re- 
ported in Manyoni and Shinyanga Rural Districts include 
seasonal migration of livestock keepers and distribution 
of livestock herds in different places; rainwater harvest- 
ing; and doing casual labour to be able to get food and 
other household needs. Other strategies include selling of 
livestock; timely planting; and engagement in small busi- 
nesses, including shops, local restaurants and kiosks, sel- 
ling of crop and livestock, among others. In particularly 
severe droughts some households in the studied commu- 
nities reported to have invariably relied on relief food 
from government (Table 4). However, the efficacy of 
these measures is variable.  

Generally, the diversity of the reported adaptation 
measures could be a reflection that one single adaptation 
strategy may not be sufficient for communities to be able 
to adapt to conditions of climate change/variability [39]. 
The complementarities attached to the diverse set of ad- 
aptation strategies are thus a crucial concern for the rural 
communities.  

4. Conclusions  

The study has shown that almost all households are in- 
volved in agricultural production as their main source of 
livelihood. This suggests that when agricultural activities 
are impacted by climate change it may have serious con- 
sequences on their households’ food security and general 
livelihoods. Diversification to other economic activities 
besides agriculture strengthens the household adaptive 
capacity when agriculture is negatively affected. Such 
activities complement each other in supporting house- 
hold livelihoods, which are particularly important in 
adapting to the changing climate. The observed decline 
in crop productivity in all the study areas is multifaceted, 
being partly due to impacts of changing climate and 
partly due to other non-climatic stress factors such as 
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shortage of land, low soil fertility and inadequate exten- 
sion services. Climatic related events such as rainfall 
coming late, increased temperature and increased inci- 
dences of drought have serious impacts on livelihoods 
and hence rank high among the factors affecting commu- 
nity livelihoods. However, there are variations from one 
district to another depending on the experience of related 
climatic events and adaptive capacities.   

Various adaptation strategies are implemented at com- 
munity level on an ad-hoc basis with limited planning. 
However, such strategies could lead to long-term sus- 
tainability if enhanced and well planned. The diversity of 
the reported adaptation measures indicates, however, that 
no single adaptation strategy may be sufficient for com- 
munities to be able to fully adapt to climate change. Thus 
the complementarities attached to the diverse sets of ad- 
aptation strategies are a crucial concern for the rural 
communities. However, there are needs for more infor- 
mation, education and a communication strategy on cli- 
mate change issues affecting rural community liveli- 
hoods.    
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