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Abstract

The objective of this study was to evaluate the pathways to enhance resilience
to increased climate variability and directional change among pastoral
households in Simanjiro District in Northern Tanzania. The study used household
survey and rainfall and temperature data. Results indicate increasing temperature
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and decreasing precipitation trends over the past four decades. Also, extreme
climatic events, particularly drought, have become more frequent. Food and
water insecurity are key factors causing an increased household vulnerability.
Increased climate change-induced malaria prevalence poses additional health
risks. Household adaptive strategies include livelihood diversification and migra-
tion. Local institutions are instrumental in enhancing climate change resilience at
the local level. We conclude that livelihood diversification and migration are key
pathways to enhancing households’ climate change resilience.
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Introduction

There is a strong consensus that temperatures, based on medium emissions scenarios,
are likely to rise by more than 2 °C in most parts of Africa by the end of the century
(Orlove 2019). Concomitantly, extreme events such as tropical cyclones, increasing
rainfall intensity, and increased probability of drought are gradually becoming common
(Kangalawe 2017; Pauline et al. 2017). Climate change impacts are already experienced
in many locations (Pardoe et al. 2018). At a local level, these changes are manifested in
many ways including shifts of rain seasons, erratic rains, extreme droughts and precip-
itation, strong winds, and higher temperatures (Berkhout 2012; Suckall et al. 2014).
These changes have brought about adverse livelihood impacts such as reduced crop
yields and changes in the crop calendar (Berkhout 2012; Mertz et al. 2009).

Climate change vulnerability is considered higher in developing countries due to
particular socio-economic and ecological conditions that increase people’s exposure
to risk factors and reduce the adaptive capacities. Extreme events such as droughts
and floods increase particularly rural livelihoods vulnerability because they rely
more on climatic conditions (Sewando et al. 2016). Observed and projected changes
in local climate conditions in Tanzania include precipitation variability increasing
between 5% and 45% accompanied by a temperature rise of 2—4 °C (Traerup and
Mertz 2011). The northern part of the country is reported to have undergone a shift in
the onset of rainfall between 1980 and 2004 (Traerup and Mertz 2011). Associated
with these changes are extreme events such as floods and a rise in human, crop, and
animal diseases. Together, these changes adversely affect crop, mobility, and migra-
tion patterns among rural communities (Rodima-Taylor 2012).

The livestock sector in sub-Saharan Africa faces negative impacts of climate
change (Suryabhagavan 2017). In Tanzania, livestock husbandry faces higher risks
from these impacts associated with altered productivity in rangelands. Reduced
productivity may adversely affect pastoral livelihoods and the economy of the entire
livestock sector in the country. Apart from pastoral communities, the general pop-
ulation is likely to be negatively affected through high reliance on food products
from grazing animals (Godber and Wall 2014).
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Pastoral vulnerability will be further exacerbated by other livelihood stresses that
characterize rural livelihoods. This includes high population growth in the context of
a declining and highly dynamic resource base in Simanjiro District (Woodhouse and
McCabe 2018; Lynn 2010). The combination of these effects with stressors ranging
from short term drought and extreme precipitation events to long-term climatic shifts
is likely to reduce further pastoralists’ ability to sustain their current livelihoods
system. The aim of this study was, therefore, to evaluate pathways to enhance
resilience to increasing climate variability as well as directional climate change
among pastoral households in Simanjiro District, Northern Tanzania. The study
sought to answer four main questions: (a) What are the climate patterns and trends
in the study area? (b) What is the status of household vulnerability to impacts
of increasing climate variability and directional climate change? (c) What are
the adaptive strategies employed by pastoralists in the study area in response to
increasing climate variability and directional climate change? (d) What is the role of
local institutions in enhancing the resilience of pastoral households to increasing
climate variability and directional climate change?

Study Context and Methods

Covering an area of 20,591 km?, Simanjiro District is located in Manyara Region of
Northern Tanzania. The area’s topography stretches from vast plains to scattered
ridges and hill valleys. Climate is semi-arid with annual rainfall ranging between 650
and 700 mm. Rainfall is bimodal with short rains lasting from November to
December and long rains from February to May. Temperatures range between
13 °C and 30 °C characterized by cold months from May to July and hot months
between August and February (Homewood et al. 2009; Pittiglio et al. 2012).
Livestock husbandry is common in drier areas while agro-pastoralism is predomi-
nantly practiced in wetter areas (Baird and Leslie 2013). The Maasai is the dominant
ethnic group in the district, herding livestock of mainly indigenous stock (90%).
Maize, beans, pigeon peas, wheat, and sunflower are the main crops grown for both
commercial and consumption purposes (Baird and Leslie 2013).

The study used multiple data sources and data collection methods. Study wards
were selected purposively based on the predominance of livestock production as the
main occupation. Also, ward-specific factors such as livelihoods-ecological
interlinkages were used to determine study wards. Household questionnaire surveys
were conducted in eleven villages selected in four wards, namely, Endonyongijape,
Emboreet, Loiborsiret, and Langai. Random sampling was used to select households
targeting the household head. Key informants were selected using purposive sam-
pling (Angelsen et al. 2012; Baird 2014). Household surveys were conducted
between May and July 2014. Three aspects were used as measures of household
vulnerability to climate change and respective adaptive strategies. These include
food, water, and health. Food and water were assessed in terms of their availability
(or lack thereof) and health situation was assessed in terms of the prevalence of
climatically driven diseases. Adaptive strategies were assessed based on how
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households responded to cases of food and water scarcity as well as disease prev-
alence. Key informant interviews were conducted between February and March
2015. Household survey data (n = 297) and in-depth interviews (n = 24) were
analyzed using descriptive statistical analysis. Monthly precipitation and tempera-
ture data were acquired from the Tanzania Meteorological Agency (TMA). Trend
analysis was used to analyze climate data.

Conceptual Framework

This study adopted and operationalized the Sustainable Livelihood Framework
(Chambers and Conway 1992) that has been widely used in socio-economic research
on a range of topics falling within the poverty, livelihoods, and environment
nexus (Reed et al. 2013). The framework offers useful analytical and empirical
tools to order information and to understand the nature and interlinkages among
livelihood aspects. The framework is built on four main components namely liveli-
hood outcomes, livelihood assets, livelihood strategies, and the institutional
context (Fig. 1). The institutional context is conceived as a crucial factor for
sustainable livelihoods and for promoting local-level climate change resilience.
For livelihood outcomes, the focus is on the household’s vulnerability and

VULNERABILITY
CONTEXT
Climatic shocks and stresses:

drought, flooding and
climate-driven diseases
prevalence
LIVELIHOOD ASSETS LIVELIHOODS
STRATEGIES . . OUTCOMES
Natural; Financial; . .
VULNERABILITY Human: Social: Livelihoods coping,
«Livestock husbandry Physi ca] ’ adaptation and
*Crop cultivation resilience strategies
*Secondary N
occupations H
A
| POLICIES,
INSTITUTIONS &
: PROCESSES
s > Institutions, climate
variability and change,
resilience building

Fig. 1 Sustainable livelihoods framework. (Source: Adapted and modified from Chambers and

Conway 1992)
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responsive adaptation strategies. All four aspects are embedded in a vulnerability
context as it is influenced by climate stressors and shocks.

The study was structured around local socio-ecological contexts that influence
key livelihood strategies among study households. The policy environment and local
resource management processes formed the institutional context. The vulnerability
context is addressed by looking mainly at climate shocks adversely affecting house-
hold livelihoods, including drought, flooding, and diseases. These aspects are
embedded in the four research questions of the study.

Results and Discussion
Local Climatic Trends

Temperature and rainfall trends are summarized in Figs. 2, 3, and 4. Fitted temper-
ature values indicate an increment in average minimum temperatures of about 2 °C
in the period from 1972 to 2013. Data show that the late 1970s to mid-1980s and
early 1990s registered lower average minimum temperatures compared to the late
1980s and late 2000s, with relatively higher average minimum temperatures
recorded. The average maximum temperature trend portrays a similar pattern with
an overall increase in average maximum temperature of about 1.5 °C across the four-
decade period based on the fitted line. However, the noted increment in average
maximum temperature is statistically insignificant with 25% R-squared. The mid-
1980s and late 1990s saw low average annual maximum temperatures. High average
temperatures were recorded in the early and late 1980s as well as the first half of the
2000s. The R-squared value for the average minimum temperature indicates a
statistically significant (72%) increase in minimum temperature over the 40 years.

Average Annual Minimum Temperature for Simanjiro District
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Fig. 2 Average annual minimum temperature for Simanjiro District. (Source: Ndesanjo 2017)
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Average Annual Maximum Temperature for Simanjiro District
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Fig. 3 Average annual maximum temperature for Simanjiro District. (Source: Ndesanjo 2017)
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Fig. 4 Average annual rainfall for Simanjiro District. (Source: Ndesanjo 2017)

The rainfall trend indicates high average annual rainfall between the late 1970s and
1980s, late 1990, as well as early to mid-2000s compared to the mid-1970s, the first
half of the 1980s and 2013 that saw a relatively low average rainfall. Overall, the
40-year data record in the study area reveals a decreasing but statistically insignif-
icant trend in precipitation with an R-squared value of 3%.

Similar temperature and rainfall trends at both the country and continent
levels have been noted in other studies such as that by Treerup and Mertz (2011)
indicating temperature increase ranging between 2 and 4 °C combined with
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increasing precipitation variability on an increasing trend ranging from 5% to 45% in
Tanzania. A study by (Pauline et al. 2017) indicates increasing extreme rainfall
frequency. However, contrary to observations made in the two studies, the current
study depicts a decreasing precipitation trend. Similar predictions were made by
Paavola (2008) indicating decreasing precipitation up to 20% by 2100. The year
2013 saw extremely low rainfall, which may overly influence the predicted rainfall
trend. However, no substantial difference was noted when omitting the year 2013
from the analysis.

Livelihood Profiles

The majority of surveyed households (86%) pursued an agro-pastoralist livelihood
strategy. Other livelihood strategies were rare but include trade and wage employ-
ment by (3%) and (2%) of the households respectively. Off-farm labor and subsis-
tence herding employ few households each at (2%). About 6% of households
reported being engaged in a range of other livelihood occupations.

These results imply that apart from livestock husbandry as the main occupation
in the study area, there is increasing adoption of crop farming suggesting a shift
to agro-pastoralism as the main livelihood strategy. The increasing common combi-
nation of livestock and crop production reflects local communities’ strategies to
reduce the necessity to sell cattle to acquire food as well as a strategy to safeguard
property (land) rights. Other drivers of increasing cultivation in the area
include immigration by farming communities, drought, and livestock diseases,
as well as government policies aiming to settle the Massai (Homewood et al.
2009). The relatively low percentage engaging in trading and wage employment
may be attributed to cultural factors that discourage secondary economic activities.
Hence, even when household members engage in secondary income activities, they
usually invest the proceeds in livestock and farming (Homewood et al. 2009).

Household Vulnerability

The percentage frequency of common food items consumed is summarized in Fig. 5.
Grain, legumes, meat, and milk contribute equally and constitute about 70% of food
items consumed. Vegetables, bananas, and other food items are not commonly
consumed.

Grain and milk have been widely documented as common foods in Maasai
households (Hodgson 2011; Homewood 2004; McCabe et al. 2010). However,
legumes are not common in Maasai pastoralists’ diets. Discussions with household
members during fieldwork indicate that the inclusion of legumes in their diets is an
influence of other ethnic groups that have migrated to Simanjiro in recent years.
Particularly, the Waarusha's (another Maa speaking ethinic group originating
from neighboring Arusha) diet commonly contains legumes (mostly black
beans locally known as ngwara). Although reported consumed with a high
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Common household food items
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Fig. 5 Common food items consumed by households (numbers above the bars indicate percentage
frequency). (Source: Ndesanjo 2017)

frequency, meat and blood are mainly consumed during special events and ceremo-
nies, for instance, meat-eating feasts among Maasai warriors or initiation ceremo-
nies. Besides, meat is a delicacy consumed at local weekly markets across
Maasailand. Maasai rarely consume vegetables or bananas. The few records of
these food items are most likely from non-Maasai households. Food consumption
patterns depicted here indicate that livestock still is an important food source for
most households either directly consumed or indirectly as a means to earn an income
with which to meet other food requirements. However, as shown by Berkhout (2012)
high dependence on livestock to supply household food requirements can increase
climate change vulnerability in the long run.

Households were asked to rate food sufficiency during the previous 12 months
and the results are presented in Fig. 6. There is no significant difference across the
four wards in household food sufficiency ratings. About 63% reported that they had
“somewhat sufficient” food while 29% reported a “somewhat insufficient” food
supply during the past 12 months. Only 1% of the households reported a “very
insufficient” food supply. Respondents were also asked about experienced incidents
of household food insecurity and the exact months in which they occurred. The
majority of households (78%) reported experiencing food insecurity between four
and six months in the previous twelve months. The months in which food insecurity
occurred are described in Fig. 6. These results point to food shortage incidents
concentrating in the dry season lasting from August to December. This implies
that food security is seasonal deterministic and that vulnerability will likely increase
as a result of climate-induced exacerbation of drought in the dry season.
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Household monthly food insecurity
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Fig. 6 Monthly household food insecurity incidents (numbers above the bars indicate percentage
frequency). (Source: Ndesanjo 2017)

Water scarcity incidences and when such incidences occurred were recorded as
a measure of household water security. About 98% of households rely on boreholes
and dams as their main water source. Only 2% of households noted rain (harvesting)
as a source of water for households. Households water sufficiency rating reveals that
the majority of households (83%) considered water “somewhat available.” Only 4%
of households reported that water is “sufficiently available.” About 13% considered
“scarcely available.” No significant difference was noted between wards. Duration
wise, the majority of households (80%) reported experiencing water scarcity up to
six of the previous twelve months. The months in which water scarcity incidents
were experienced are presented in Fig. 7.

Several inferences can be made from these results. Firstly, most households have
insufficient water available to meet year-round demand. Secondly, water scarcity
coincides with the dry season indicating high seasonal household dependence on
climate-sensitive water sources including rain-charged dams as well as groundwater.
Thirdly, as many households rely on boreholes for their water requirements, financial
constraints could affect their ability to access life-essential water.

In a study that examined the economic and environmental change in Niger,
McKune and Silva (2013) linked erratic rainfall and increasing temperature to
increasing threats to household water supply and the sustainability of their liveli-
hoods overall. These authors also noted globalization as a driver of local vulnera-
bility. Hence, in addition to the observed increase in the recorded measures of
vulnerability, regional and global socio-economic stressors may have further local-
level resource dynamic and vulnerability implications. In Tanzania and particularly
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Household monthly water scarcity
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Fig. 7 Monthly household water scarcity incidents (numbers above the bars indicate percentage
frequency). (Source: Ndesanjo 2017)

Simanjiro District, large scale foreign direct investments have been associated with
pastoralists disenfranchisement potentially exacerbating their vulnerability to pre-
vailing socio-ecological stresses and shocks (Hodgson 2011).

The prevalence of diseases was used as another measure of climate change
impacts. About 69% of households reported malaria the most prevalent disease.
Diarrhea, malnutrition, and “magical-related” illnesses such as curses were men-
tioned by only 2% of surveyed households. The majority of households (82%)
indicated that illness affected them for up to five months. Only a few households
(9%) reported illness affecting them up to six of the previous twelve months. Illness
incidents were concentrated between February and July (Fig. 8).

Malaria prevalence is largely influenced by climatic conditions such as temper-
ature and humidity which determine the procreation of its vectors which are mos-
quitoes (Irish Aid 2018). This likely explains the high frequency of malaria cases in
the months of the wet season. The Maasai are known for their knowledge of herbs for
traditional medicine (Kiringe 2006; Sindiga 1994). Hence, the high number of
malaria cases despite this knowledge may imply an increasing trend of diseases
that were previously uncommon in semi-arid areas like Simanjiro District and
against which traditional ecological knowledge holds no remedies (van Lieshout et
al. 2004).

Approximately, 63% of households use modern treatments as their main disease
control mechanism, whereas about 34% opt for traditional treatment. However, both
options were reportedly used interchangeably. The use of traditional treatments may,
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Household monthly diseases prevelance
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Fig. 8 Monthly household disease prevalence (numbers above the bars indicate percentage
frequency). (Source: Ndesanjo 2017)

however, be under-reported here because mainly women seek this treatment includ-
ing when children are ill and this may occur without the involvement of male
household heads who were the respondents of this study. Modern treatments are
likely to draw the attention of households’ heads as this has financial implications
that may require their consultation, whereas traditional medicine may be collected
from the surrounding environment. Furthermore, traditional medicines are com-
monly used not only when a household member falls sick.

Climate Change Adaptive Strategies

This section addresses adaptive strategies employed by pastoralists in the study area
in response to increasing climate variability and directional climate change. The
majority of households (98%) indicated that they had food security enhancement
strategies in place in the previous twelve months. About 72% of the households
indicated that food reserves were the food security strategy employed. Seed banking
was another food security strategy reported used, albeit by fewer households (22%).
This implies that most households take the food security question seriously and
prepare for shocks.

Households were also asked about alternative mechanisms employed when
common food security mechanisms (food reserve and seed banks) failed following
shocks such as livestock mortality and crop failure. About 58% reported that they
resort to selling livestock while the rest (17%) mentioned liquefying household
assets in response to shocks (Fig. 9).

These findings suggest that households’ ability to purchase food is the most
important food security strategy. A study by Miller et al. (2014) found that when



2602 R. B. Ndesanjo et al.

Food insecurity response mechanisms
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Fig. 9 Household food insecurity response mechanisms (numbers above the bars indicate percent-
age frequency). (Source: Ndesanjo 2017)

the situation is critical, pastoral households even purchase pasture access rights and
other livestock feeds in addition to food for household members. Hence, the
affordability of purchased food is critical for households to stay afloat during periods
with severe food scarcity. This means that a reliable income source and asset base is
crucial for household response to climate shocks as well as to directional climate
change. Other studies have shown that the motivation for selling livestock in most
pastoral households is to raise money with which to buy food (Pauline et al. 2017;
Silvestri et al. 2012; Suckall et al. 2014).

Responses on strategies used to maintain water security indicate that about 60%
of households have a water storage mechanism in place. Other strategies used
to ensure water security are presented in Fig. 10. Households were further asked
about the strategies used when they encounter acute water shortage especially when
their regular strategies to secure water prove futile. About 42% reported that they
substantially reduce their water usage. Others (40%) reported that the most ideal
option is migrating temporarily to areas where water is accessible.

The predominance of water storage may arise from the fact that the studied wards are
not serviced by piped water thus leaving water-storing as the main option. This result
resonates with findings by (Treerup and Mertz 2011) in Northern Tanzania who found
the absence of piped water to be the main determinant of water storage mechanisms.
More importantly, the prevalence of water storage as an adaptation strategy may arise
from the semi-arid condition of Simanjiro District most of the year, otherwise forcing
people to cover relatively long distances on foot in search of water (Smith et al. 2000).

As water scarcity intensifies, the most prudent response mechanism is to reduce
water consumption (Miller et al. 2014). This means limiting water use to cooking
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Household water security strategies
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Fig. 10 Household water security strategies (numbers above the bars indicate percentage fre-
quency). (Source: Ndesanjo 2017)

and minimal washing only. People often have to compete for water among them-
selves as well as with livestock for water during the dry season and the price of water
from private boreholes often increases due to the high demand. Noticeably, water
allocation in times of scarcity tends to favour livestock over people. Consequently,
only those with sufficient financial resources will have access to water. As a result
households are compelled to reduce their water use. These results deviate from those
of Miller et al. (2014) who associated water scarcity in Simanjiro District with the
replacement of customary arrangements with local government water resources
management arrangements.

Water scarcity is a common determinant of migration among pastoral communi-
ties (Berkhout 2012; Brockhaus et al. 2013). However, only a small segment
of household members temporarily migrates with herds to other areas in search
of water. The migration of an entire household was very common before the Ujamaa
socialism program in Tanzania in the 1970s (Hodgson 2004). Implementation of
the program saw massive resettlement and sedentarization across Maasailand in
Tanzania, which has substantially altered the migration patterns of pastoral commu-
nities in northern Tanzania.

Local Institutional Mechanisms and Climate Change Resilience

Information about the role of local institutional mechanisms in building climate
change resilience was obtained from key informants (n = 24). One of the questions
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they were asked was to identify the nature of institutions that people approach for
help in case of climatic shocks such as a drought. Based on responses, five categories
of institutions were identified. All key informants interviewed (n = 24) indicated that
that traditional leaders and the village government are the most common institutions
approached for help. Local non-governmental organizations (NGOs) were another
popular resort (n = 23). Civil society organizations (CSOs) (n = 10) and interna-
tional NGOs (n = 2) were also mentioned as institutions that people approach for
help.

The predominance of traditional leaders and the village government may
be explained by the social organization of Massai societies and Tanzania’s local
government structure. Age is central for the social organization of Maasai society as
duties and responsibilities are assigned according to age group (Ndagala 1991).
Goldman and Riosmena (2013) describe that institutional frameworks among East
African Maasai pastoralists are built on clan and age ties underpinned by
decentralized leadership and traditional social networks. In the case of building
resilience, local traditional leaders as the elders are in charge of resource control
and allocation especially during periods of acute scarcity.

In Tanzania, the village council is the smallest local government unit overseeing
day-to-day governance and development processes (Venugopal and Yilmaz 2010).
This function makes the village government a must-go-to source for help whenever
people encounter shocks that they are unable to handle. Similarly, interventions
aimed at addressing local crises (including climate change) are channeled
through village governments to people on the ground. Therefore, when people
seek government support, the village government is the first place they would go.
Thus, this institution is crucial in promoting local level resilience to climate and
other socio-economic shocks.

Key informants identified several types of support provided by local institutions
for building resilience (Fig. 11). Agricultural inputs form most of the support
provided by traditional leadership (n = 24), village government (n = 24), and

Nature of Institutional Support

30
25
20 -~ . .
E B Financial
D .
% 15 B Social
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& 10 - Legal
B Infrastructural
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Traditional Village govt CSOs Local NGOs Int NGOs
leaders Institutions

Fig. 11 Nature of support provided by local institutions. (Source: Ndesanjo 2017)
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Level of Institutional Support
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Fig. 12 Institutional support ranking. (Source: Ndesanjo 2017)

local nongovernmental organizations (n = 23). The same pattern was noted among
civil society organizations (» = 10) and international nongovernmental organiza-
tions (n = 2). Other forms of support that were noted from the same institutions in
order of their importance include infrastructural, social, legal, and financial support.
Notably, unlike the rest of the institutions, financial support was not mentioned as
provided by international nongovernmental organizations.

Institutional support in the form of agricultural inputs featured highest, possibly
due to the dominant livelihood occupation, namely agro-pastoralism. This support
was mainly in the form of extension services and disaster relief support when
households succumb to shocks including mainly livestock mortality and crop failure
due to drought. The role of local institutions in supporting local livelihoods and
enhancing adaptability was noted in a study by Suckall et al. (2014) on community
responses to climatic and socio-economic stresses in Zanzibar. The Zanzibar study
found that local governments and cooperatives were instrumental in enhancing
adaptive capacity not only through the provision of fishing and farming inputs but
also providing market access assistance to local communities.

The level of support provided by institutions and their efficacy in promoting local
resilience as ranked by key informants is presented in Fig. 12. Generally, most
informants indicated that the level of support provided was medium. Traditional
leaders were the highest-ranked local institution in terms of promoting local resil-
ience followed by the village government. Local NGOs were ranked medium while
civil society organizations were ranked lowest. Notably, international NGOs were
not mentioned at all.

Traditional leaders affect the day-to-day life of pastoral communities particularly
by leading people through extreme events such as drought. This explains the highly
rated support of traditional leaders. The same applies to village governments.
For example, findings by Miller et al. (2014) in Simanjiro-Tanzania indicate an
increasing role of village committees in regulating resource use particularly water.
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However, these results differ from observation by Berkhout (2012) who show that
local government institutions are considered unable to support local communities’
climate adaptation strategies. Noteworthy, civil society organizations and local
NGOs were not rated favorably which may be explained by claims that most such
organizations among Maasai pastoral communities are founded on the pretext of
supporting local communities but in reality, serve personal interests of the founders
(Hodgson 2011; Igoe 2003).

Limitations

The study has limitations. It adopted a cross-sectional household survey approach
and is thus subject to data reliability challenges in terms of the magnitude of income,
crop harvests, livestock births and deaths, and climate impacts with the possibility of
strategic answers. Nondisclosure tendency among respondents especially with live-
stock wealth was encountered in the study. This could have affected the validity of
the information provided by respondents despite taking some remedial measures
such as deploying Maa speakers as field enumerators as well as triangulating the
information with local informants such as village leaders, extension officers, and
elders. The study also relied on recalled information by respondents, which is not
always accurate.

Conclusions

This study sought to understand pathways to enhance the resilience of pastoral
households in Simanjiro District-Northern Tanzania to increasing climate variability
and directional climate change. A forty-year climatic trend analysis revealed changes
in both temperature and precipitation in the study area. Also, extreme climatic events
particularly droughts have become more common from the 1990s onwards. Drought
is the main climate-induced shock to increasing household vulnerability in terms of
food insecurity and water scarcity. Increasing prevalence of malaria during the wet
season may also be attributed to climate variability and directional change and
constitutes an increasing health risk to pastoral households. The main adaptive
strategies employed by households include livestock and asset selling to address
food needs and water storing accompanied by reduced usage. Local institutions and
primarily traditional leaders and village governments were reported as fundamental
in building local climate resilience.

The study concludes as follows. First, following observed climate trends in the
study area, surveyed households are likely experiencing and responding more to
local variability of the climate than permanent long-term shifts in the climate system.
Second, country and regional level climate trends obscure local (district and village)
level climate situations. Third, seasonal deterministic trends of food and
water availability and/or scarcity as well as disease prevalence indicate the direct
influence of local climate on household livelihoods. Fourth, diversifying livelihoods
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from agro-pastoralism and migrating to areas better endowed with resources such as
water are important pathways to climate resilience. Finally, due to social proximity
and mutual understanding between local communities and their local (traditional)
leaders, these (leaders) play a crucial role in promoting local level resilience
building.

It is recommended that creating mechanisms to monitor the local climate and
regularly inform local communities is crucial to enable them to adjust their activities
accordingly. Such an exercise should reflect the local context in terms of information
dissemination and uptake as well as local livelihoods and seasonality. Also, a gradual
and medium to long-term livelihood diversification initiative is a highly
recommended policy strategy to increase resilience among pastoral communities
as opposed to the current policy which condemns pastoralism as a backward and
environmentally destructive activity. Finally, future research on local climate resil-
ience should focus on evaluating livelihood diversification scenarios and assess
trajectories. Equally, local knowledge systems and institutions should buttress pol-
icy-making and implementation to promote local resilience.
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