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Abstract

This study examines pastoralists’ perception on climate change and impacts on cattle production from ten study
villages of Monduli District in Tanzania. This study drew empirical data from 130 cattle owners and 81 participants
from focus group discussions in the study villages. Descriptive statistics and thematic analysis were used to analyze
the data respectively. Findings from this study indicate that pastoralists are well aware of the general climate trends
in their location, its variability and the impacts of extreme weather events on cattle production. The main climate
changes perceived by pastoralists include more erratic and reduced amounts of rainfall, rise in temperature and
prolonged and frequent periods of drought. Pastoralists mainly view population pressure and tree cutting as the
major causes of climate change. Further, this study found that there are no existing climate risk programmes and
early warning systems across the district. Importantly, pastoralists reported the negative impacts of climate change
on cattle production. The severe recurrent drought periods result in shortage of forage and water, leading to cattle
starvation and malnutrition. Pastoralists reported massive cattle deaths and outbreaks of diseases such as
contagious bovine pleuropneumonia and tick-borne diseases. Further, reduction in milk production and poor
livestock market prices were also reported as negative impacts on cattle production. Given the range of negative
impacts of current climate change and extreme weather events on cattle production, the implications of climate
change must be taken into account to ensure longer-term survival and sustainability of pastoralist communities
through strengthening of climate risk awareness programs and early warning systems across the district. Further,
this study recommends that government and non-governmental organizations should improve institutional support
to pastoralists in order to help them deal with the negative impacts of climate change on livestock production.
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Introduction
Global climate change is one of the greatest challenges
of the twenty-first century. Evidence is now overwhelm-
ingly convincing that climate change is unequivocal and
happening at an unprecedented rate (IPCC 2013;
Adhikari et al. 2015; Huang et al. 2016). Climate change
impacts are expected to severely affect arid and
semi-arid rangelands which cover nearly two thirds of
the African continent (Galvin et al. 2001). Many of the

impacts of climate change in these areas are character-
ized by variability in rainfall patterns and extreme wea-
ther events such as recurrent droughts, floods and wind
storms (IPCC 2007, 2013). These areas for example in
sub-Saharan Africa are inhabited by an estimated 386
million people, including pastoralists who depend on
natural resources for their livelihood (Conway 2009;
IPCC 2015; Thornton et al. 2007; Adhikari et al. 2015).
Tanzania is currently experiencing the adverse impacts

of climate change in all sectors of the economy, includ-
ing livestock production (Shemsanga et al. 2010; URT
2007; Sangeda and Malole 2013). For example, a mean
annual increase of temperature of 1.0 °C was recorded
since 1960 with decreasing rainfall at an average of
2.8 mm per month or 3.3% per decade countrywide
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(TCAR 2016; Magita and Sangeda 2017). According to
climate models for Tanzania, the climate change predic-
tion indicates that the country’s temperature is expected
to rise by 3–5 °C by 2075 (VPO 2003). Nonetheless, the
effects of climate change are already devastating rural
livelihoods across the different regions of Tanzania
(Sangeda and Malole 2013; Magita and Sangeda 2017;
Kangalawe and Lyimo 2010; URT 2007; Joseph and
Kaswamila 2017).
The livestock sector is ranked as one of the vital eco-

nomic sectors in Tanzania that will be severely impacted
by climate change if no serious actions are taken to re-
spond to its adverse consequences (MLDF 2015). The
sector is central to the livelihood of the majority (86%)
of rural Tanzanians, and particularly pastoralists whose
livelihoods are wholly or partially dependent on livestock
(MLDF 2015, 2011). In addition to being a source of
food such as milk, livestock keeping offers a range of
other products and services including hides, draught
power, a mode of saving and social-cultural symbolism
(Thornton and Gerber 2010; MLDF 2011). Climate
change is expected to severely affect survival and pro-
duction of livestock, and cattle in particular are reported
to be more impacted than other livestock species due to
their feeding behaviour and potential for heat stress
(Toulmin 2009; Nardone et al. 2010). Due to scarcity of
pasture and water following recurrent drought periods
in the country, livestock have already succumbed to sev-
eral climate-driven perturbations including massive
deaths of livestock, loss of body condition and reduced
productivity (Maleko and Koipapi 2015; Magita and
Sangeda 2017; Chamliho 2017).
Information on climate risks are vital to shape actions

against climate change impacts (Zumsteeg 2012; Egeru
2016). In addition, the way that individuals and groups
perceive the risk of climate change strongly influences
how they deal with the climate’s adverse impacts (Adger
et al. 2009; Patt and Schröter 2007). Similarly, miscon-
ception about climate change and its associated risks
may result in maladaptation or no adaptation at all, thus
increasing the negative impacts of climate change
(Grothmann and Patt 2005). Establishment of climate
change perception and its impacts in pastoral communi-
ties is critical to inform decision makers and planners to
take appropriate actions that will enhance pastoralists’
capacity and adaptation to climate change (Debela et al.
2015; Juana et al. 2013; Fosu-Mensah et al. 2012).
Maasai communities in northern Tanzania are increas-

ingly faced with a number of challenges related to
(among other things) loss of land ownership due to es-
tablishment of new conservation and adminstrative areas
and also increase of agricultural activities to meet their
increasing food demands (Galvin et al. 2001; Galvin et
al. 2004; Msoffe et al. 2011). Global climate change is a

significant additional stress to these communities. There
is limited understanding of pastoralists’ perception of
climate change and how these changes impact cattle
production in Maasai pastoralist communities. Some
studies in the study area have focused on
socio-economic vulnerability of Maasai pastoralists
(Theodory and Malipula 2014) or on effects of the 2009
drought on cattle mortality and associated response by
pastoralists (Goldman and Riosmena 2013). Climate
change studies focusing over a long period of time are
critical for better assessment of climate change (IPCC
2007). Twenty or thirty-year time frame of assessment
has been adopted for other studies (Deressa et al. 2011;
Osbahr et al. 2011). This study, therefore, seeks to ad-
dress the gap in knowledge on pastoralists’ perception of
climate change and variability for Monduli District over
a thirty-year period (1984–2014), and the effects of
climate change on cattle production.

Study area
This study was conducted in Monduli District situated be-
tween latitudes 30.29′59″ south and longitude 360.45′27″
east. The district is in Arusha region and is part of the
Maasai steppe landscape (Kaswamila 2009; ADF 2003).
The district has two major agro-ecological zones. The
highland zone comprises isolated mountains with average
altitude of 2000 m above sea level, characterized by
sub-humid weather and an average annual rainfall ranging
from 500 mm to 900 mm (ADF 2003; Msoffe et al. 2011).
The main economic activities in the highland zone are
crop production and livestock keeping. The lowland
consists of arid and semi-arid rangelands which cover
about 85% of Monduli District. These areas receive an
average annual rainfall ranging from 200 to 600 mm,
and livestock keeping is the main economic activity.
The district has a bi-modal rainfall pattern with the
short rains occurring between November and December
and the long rains occurring between March and May
(Kaswamila 2009; ADF 2003).

Methods
Selection of study villages
Monduli District was selected for this study based on
the following criteria (i) homeland to pastoralist commu-
nities that depend largely on livestock for their livelihood
(ADF 2003) and (ii) comprised of mostly arid/semi-arid
lands that have experienced severe climate variability in-
cluding increasing drought periods and unpredictable
rainfall (Theodory and Malipula 2014).
A list of all pastoralist villages in the lowland eco-

logical zone was obtained from the Livestock Depart-
ment of Monduli District, and 10 villages were randomly
selected for this study by drawing names from a hat
(Figure 1; mapped using ArcGIS version 10.2
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(Environmental Systems Research Institute, Redlands,
CA, USA)). Cattle owners were randomly selected from
the sampling frame obtained from the village executive
officers. Before the study, the research team visited the
selected villages for formal introduction of the project.

Data collection
An in-depth investigation of pastoralist perception, ex-
periences and observations of climate change for over
thirty-year period (1984–2014) was undertaken with cat-
tle owners and with village executive leaders and live-
stock officers of Monduli District in northern Tanzania.

Ethical considerations
Ethical clearance for this research was obtained from the
human research ethics committee at the University of
Sydney, Australia (protocol number 2014/455), and

Tanzania Commission for Science and Technology
(COSTECH; No.2013-241-NA-2014-175).

Cattle owners’ survey
This study was part of a larger study investigating the
prevalence of vector-borne diseases and associated man-
agement practices in cattle. The sampling strategy and
findings have been described in detail elsewhere (Kimaro
et al. 2017a, 2017b). Briefly, in order to meet the objec-
tives and sample size requirements for the study, a ques-
tionnaire was administered to 130 pastoralists across the
10 randomly selected villages between March and May
2015. Key issues addressed in the questionnaire and re-
ported here include: observations of climate change and
variability trends, that include temperature, rainfall and
reported years with severe water and pasture shortage
for cattle (1984–2014); observed impacts of extreme

Figure 1 Map of Monduli District Northern Tanzania showing the ten study villages
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weather events on cattle production; perception of
climate change; perceived indicators of climate change;
and perceived causes of climate change (see
Additional file 1). The research team involved the main
researcher and two research assistants who underwent
training to ensure a common understanding of proce-
dures for questionnaire administration. The individual
interviews with farmers were conducted in Kiswahili
(national language for Tanzania). In villages where
Kiswahili was not the main language of communication,
Maasai language was used with the help of a local
interpreter.

Focus group discussions
Focus group discussions (FGD) were conducted in each
of the 10 villages to elicit information on the under-
standing and perception of village leaders and livestock
officers about climate change and variability, and the ad-
verse impacts on cattle production across the district. A
group size of 6–12 participants is recommended to gen-
erate rich discussion, capture common themes and per-
mit easier management of the data collection process
(Guest et al. 2006; Howell 2016; Braun and Clarke
2013). Therefore, approximately 8–12 participants were
purposely selected from each study village. The partici-
pants for the focus groups were village executive leaders
including village elders, some of whom were cattle
owners. In addition, animal health workers (i.e. ward/vil-
lage livestock officers) were targeted for this research,
given their knowledge of the livestock health situation in
the district. All participants were given a letter of invita-
tion in advance of the group meetings. Focus groups
were conducted from January to March 2015 and were
carried out by the main researcher and one research as-
sistant who helped in setting up the meetings and kept
notes during discussions. A checklist was used to facili-
tate the discussion and focused on three main issues:
perception of the term ‘climate change’ and its causes;
climate change awareness programmes and early warn-
ing systems; and impacts of climate change on livestock
production. The discussions were conducted in Kiswahili
language, and were audio-taped and transcribed into
English after every discussion.

Data analysis
Data from the cattle owners’ survey were entered into
Epi Info version 3.5.4 (Centers for Disease Control,
Atlanta, GA, USA) and imported into Microsoft Excel
2010 for cleaning. Missing and invalid entries were
re-checked against hard copies. Data were exported and
all analysis performed using the Statistical Package for
Social Science version 22 (SPSS Inc., Chicago, USA).
Descriptive analysis for closed-ended questions was
performed using frequency tables and presented in

percentages. For comparison, rainfall datasets for the
period spanning 1984 to 2014 for Monduli District was
obtained from Tanzania Meteorological Agency
(TMA 2015). Using these data, the Standardized Precipi-
tation Index (SPI) was calculated using the SPI package
in R version 3.1.3 (R Foundation, Vienna, Austria). This
index reflects the number of standard deviations by
which the observed cumulative rainfall departs from the
long-term mean and is considered an appropriate
method for monitoring droughts in East Africa (Ntale
and Gan 2003). Total annual rainfall, SPI and pastoralist
recollection of periods of severe water and pasture
shortage were then plotted. For open-ended questions,
cattle owners’ responses were read several times to identify
common phrases and words. Common responses were
coded into thematic categories and analyzed using content
analysis method (Hardy and Bryman 2004). These re-
sponses were analyzed in frequency distributions and
percentages.
Data from FGD were retrieved from the digital re-

corder and transcribed by the research team while in the
field. This helped the facilitator to consider how the
conduct of subsequent discussions could be improved or
further developed. The data collected in each FGD were
analyzed using a deductive approach to thematic ana-
lysis, within an essentialist framework, guided by the re-
search questions for this study and the questions posed
in the discussions (Braun and Clarke 2013). The purpose
of this analysis was to report and describe participants’
perceptions of climate change and its impact. Data ana-
lysis was undertaken using NVivo10 qualitative data
management software. Initially, codes were identified
through repeated words, phrases and ideas (Braun and
Clarke 2013). Two researchers worked on refining the
codes; this included merging or creating new codes de-
pending on their relevance in the development of themes
and sub-themes. To ensure rigorous analysis, transcripts
were carefully re-examined to make sure there was appro-
priate identification and coverage of themes across the
transcripts (Braun and Clarke 2013). Additionally, analysis
involved searching for unusual cases (e.g. comments,
beliefs) within themes and sub-themes that ensured varia-
tions in perceptions were acknowledged.

Results
Respondent demographics
Demographic characteristics of respondents in the cattle
owners’ survey and FGD are summarized in Tables 1
and 2, respectively. Livestock keeping was the main live-
lihood strategy for the 130 participants in the survey.
Reported herd size for these pastoralists ranged between
2 and 600 cattle (median of 40 breeding cows). A total
of 81 individuals were involved in the discussions with
number of participants per FGD ranging from 4 to 11.

Kimaro et al. Pastoralism: Research, Policy and Practice            (2018) 8:19 Page 4 of 16



All FGD participants were males. The majority of partic-
ipants (63.0%; 51/81) had primary education while 7.4%
(6/81) had college education. The latter mainly in-
cluded ward livestock officers who were government
employees working with pastoralists in their respective
villages. Almost all participants owned cattle (93.8%;
76/81). The five participants who did not own cattle
were livestock officers.

Cattle owners’ survey
Cattle owner and meteorological observations of climate
and extreme weather events
A majority of cattle owners (98%; 128/130) reported ex-
periencing a reduced amount of rainfall in their respect-
ive villages over the last 30 years. About three-quarters
of cattle owners (75.4%; 98/130) reported experiencing
erratic and more unpredictable rainfall. Most (98.5%;
128/130) also reported experiencing an increase in
temperature over the same period. The majority of cattle
owners (92.3%; 120/130) were able to recall and narrate
the specific years in which they experienced severe water
and pasture shortage in their respective villages (Table 3).
Meteorological data show annual variations in precipita-
tion, with frequent troughs depicting years of low rainfall
and a general decline in precipitation over the thirty-year
period (Figure 2). The SPI shows increasingly long periods
of moderate, dry weather (− 1.29 ≤ SPI < − 0.80) from 2007
onwards. According to cattle owners, more villages have
experienced years with severe water and pasture shortages
in recent times.

Cattle owners’ perception about the reasons for the
observed changes in climate
More than a half of the cattle owners (52.3%; 68/130)
identified one or more possible reasons for the observed
changes in climate. The majority (67.6%; 46/68) identi-
fied environmental destruction, including increased tree
cutting in recent times, as the cause. Other explanations
given included recent increases in the population of
people and their livestock (n = 12) and natural changes/
normal processes of the Earth (n = 10).

Impacts of extreme weather on cattle production
Almost all cattle owners (98.5%; 128/130) reported ex-
periencing negative impacts on their livestock during pe-
riods of severe water and pasture shortage. All 128 cattle
owners reported massive cattle death. In addition, cattle
owners reported low sale prices for livestock leading to
severe economic losses (n = 54), eruption of cattle
diseases such as East Coast fever and ‘nadendolit’
(depletion of bone marrow) (n = 40) and hassle associ-
ated with trekking animals over long distances to search
for adequate pasture and water (n = 34).

Table 1 Demographic characteristics of cattle owners (N= 130)
surveyed in 10 villages in Monduli District, Northern Tanzania in 2015

Demographic Characteristic Number (%)

Gender

Male 124 (95.4)

Female 6 (4.6)

Age (years)

18–35 42 (32.3)

36–54 62 (47.7)

55–75 23 (17.7)

76–95 3 (2.3)

Education

None 69 (53.1)

Primary 61 (46.9)

Secondary 0 (0)

Livelihood

Main income source-Livestock keeping 128 (98.5)

Other income generating activities reported

Crop business 49 (37.7)

Business 5 (3.8)

Employment 3 (2.3)

Table 2 Demographic characteristics of FGD participants (N = 81)
in ten villages of Monduli District, Northern Tanzania in 2015

Variable Category Number Percentage (%)

Age (years) 25–35 22 27.2

36–55 40 49.4

56–85 18 22.2

> 86 1 1.2

Gender Male 81 100

Female 0 0

Education level No school 13 16.0

Primary 51 63.0

Secondary 11 13.6

College 6 7.4

Designation Village chairpersons 10 12.3

Village executive officers 9 11.1

Deputy village leaders 5 6.2

Sub village leaders 27 33.3

Village council members 11 13.5

Village elders 13 16.0

Livestock officers 6 1.2

Cattle owner Yes 76 93.8

No 5 6.2
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The term ‘climate change’
A majority of cattle owners (73.8%; 96/130) reported
that they had heard of the term ‘climate change’, of
whom only 64 reported to understand what the term
means. According to these participants, ‘climate change’
was thought to refer to changes in rainfall patterns (often
erratic and with a decline in rainfall amount), rise in
temperature and recurrent drought periods (n = 56).
Fewer cattle owners perceived the term ‘climate change’ as
referring to something related to environmental changes

(n = 4), Earth’s natural changes and processes (n = 2), or
factories and industries (n = 2).

Cattle owners’ concern about climate change
The majority of cattle owners (88.5%; 115/130) reported
worrying about the future impacts of climate change.
When cattle owners were asked what worries them, al-
most all (95.6%; 110/115) reported that the uncertainties
and unpredictability of rainfall, as well as increasing re-
current drought periods being a big concern for pasture

Table 3 Cattle owners (N = 130) reported years with severe water and pasture shortage for cattle over the last 30 years 1984-2014
in Monduli District, Northern Tanzania

Study village Years of severe drought as per cattle owners recollection

Meserani Bwawani 1993, 1995, 1997, 2000, 2001, 2005, 2009, 2011, 2014

Lepurko 1984, 1989, 1993, 1997, 2000, 2005, 2009, 2011, 2014

Esilalei 1984, 1993, 1997, 2003, 2005. 2009, 2011, 2014

Naiti 1997, 2009, 2011, 2014

Mbaash 1996, 2000, 2005, 2009, 2014

Eluai 1996, 1997, 1999, 2003, 2009, 2014,

Oltukai 1990, 1993, 2000, 2003, 2005, 2009, 2011 2014

Lossimingori 1984, 1993, 1995, 1997, 2000, 2003, 2005, 2009, 2014

Donyoonado 1991, 1997, 2005, 2009, 2014

Engaruka Chini 1984, 1991, 2005, 2009, 2014

Figure 2 Total annual precipitation and Standardized Precipitation Index (SPI) for Monduli District, Northern Tanzania (1984–2014). Linear trend
for rainfall is shown as a blue dashed line. SPI reflects the number of standard deviations from the long-term trend, with blue, white and orange
reflecting moist, near normal, and dry periods, respectively. Drought periods are represented by relatively high negative deviations (SPI ≤ − 1.0).
For contrast, years recalled by pastoralists as having severe water and pasture shortage are shown as gray bubbles. The size of the bubble
corresponds to the number of villages that reported this outcome in a particular year (range: 0–10)
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and water availability for their livestock; they foresee that
their cattle will suffer severely. Fewer cattle owners
(4.3%; 5/115) indicated that they feared climate change
impacts on general life.

Focus group discussions
Summaries of the four main themes emerging from the
FGD are presented in Table 4. Participants reported on
their understanding and perception about climate
change as per their experiences. This was particularly
explained by participants in terms of changes in climate
parameters for instance reduced rainfall amount, in-
creased temperature and increased drought periods in
recent times as compared to the past. Participants also
reported their perception and observations about possible
causes of climate change through increasing population
pressure and deforestation. Further, participants reported
various sources of information for climate change. The
final theme is about climate change impacts on livestock
production including outbreaks of livestock diseases.

Effects of climate change
In the focus groups, participants were asked ‘what does
the term climate change mean to you?’ Many partici-
pants responded to this question by explaining the
alarming changes in climate parameters, such as reduc-
tions in rainfall amount, unpredictable and shorter rain-
fall seasons, increasing temperature and prolonged
drought periods. This was highlighted by participants
from various groups through selected quotes below:

“In the past, we had enough rainfall amounts. For the
short rain used to start raining around September and
we had a real short dry season afterward, it can be
only one month. While rain seasons were really good
sometimes it can rain even for three months

uninterruptedly. But in recent times, the rainy season
may last only for three days and followed by a prolonged
dry season”. (Village leader, Focus Group-village J)

“We see in recent times temperature has really
increased. We can have a little cool weather only in July
and a part of August but the rest of the time it is really
hot especially from September to November and it can
be very hot”. (Village leader, Focus Group-village I)

In addition to the climatic changes described above,
some participants also reported observing unusual cli-
matic conditions, especially when the defense force
(military) are undertaking military trainings close to their
village area. However, this observation was pointed out by
participants in two groups only, whose villages are located
close to the military base. One village leader said he has
noticed some abnormal situations as explained below:

“My own observation: In the past few years, we have
experienced something unusual in our area. For
instances, if the military (Tanzania National Defence
Force-Monduli area) have their military trainings in
the nearby area to our village. When lots of guns/
bombs explosion happens we find that in those years
we will not have a good rainfall. We think maybe the
bombs smoke could contribute in the destruction of
evaporation in the atmosphere leading to less rainfall
and severe drought in those particular years”.
(Village chairman, Focus group-village H)

Many participants reported experiencing shrinkage of
grazing land and disappearance of vegetation cover in
recent times that they link to reduced rainfall, and recur-
rent drought periods experienced. Some of the response
below attests to this observation:

Table 4 Main thematic analysis results summaries. FGD in Monduli District, Northern Tanzania in 2015

Category Themes and contributing explanations identified during focus groups

Main themes Sub-themes

Climate change
experiences

The concerning effects of climate change • Rainfall variability
• Recurrent drought periods and increases in temperature
• Shrinking of vegetation cover and grazing land
• Soil erosion

Human population and environmental change as causes
of climate change

• Increased population
• Deforestation (tree cutting)

Climate change
awareness

Variable sources of climate change information and early
warning systems

• Media e.g. radio
• Monduli Council initiatives
• The use of ‘indigenous knowledge’
and ‘common sense’

• Village initiatives

Climate change and
livestock production

The negative impact of climate change on livestock
production

• Low productivity e.g. reduced milk production
• Poor market for livestock that impacts livelihoods
• Livestock disease occurrences
• Massive cattle death
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“Yes, we see big climatic changes. In the past when we
were kids we had lots of grass/vegetation [Village I], we
had enough grazing land with enough pastures but
nowadays by July or August in every year, there is
nothing on the ground. Everyone will leave this place
to search for adequate pasture. There is nothing at all.
But because of increased droughts, grasses can’t really
grow well like in the past. In recent times we don’t
have grasses with strong roots especially in dry season
until when we have rainfall in March then we try to
plant our crops such as ‘ngwara’ because ‘ngwara’ will
help to get some fodder for our cattle after harvest”.
(Village leader, Focus group-village I)

Pasture scarcity in the pastoral communities is in-
creasingly becoming a concerning problem as never be-
fore. In the past, pastoralists used to have plenty of
pastures for their livestock. Importantly, they see there
are no longer quality grass, and the grassland vanishes
quite early forcing pastoralists to start migrating away
from their homes for better pasture.
Furthermore, participants mentioned soil erosion was

increasingly becoming a problem. They reported that
land has been left bare without vegetation cover and that
this accelerated soil erosion and water flowing freely
when it rains. This observation indicates a need for in-
terventions to overcome the problem in the study area.
They also talk about some ongoing crop farming activ-
ities that also promote environmental destruction. This
was explained as below:

“You see [censored] community at the mountain…these
communities practice crop farming causing
environmental destruction. When it is raining the
water comes down with red sand, and that sand
enterers the lake and has shown to destroy Lake
Manyara. In the lake there is lots of sand coming from
the top mountain where agricultural activities are
carried out, so we are also destructing the
environment”. (Village leader, Focus Group-village H)

“We also see there is massive soil erosion. When it
rains we see water flowing down the galleys massively
and cause a lot of destructions”. (Village leader, Focus
Group- Village J)

Throughout the discussions, it was clear that partici-
pants are well aware of the changes in climate and
alarming impacts of these changes for rangelands, soils
and waterways happening in their respective villages. It
was noticed that participants were very concerned by
the trend of increasingly unpredictable rainfall and se-
vere frequent drought periods which affect availability of
pastures and water for livestock and degrade the soil and

have already impacted on their livelihoods. Pastoralists
indicated they are unsure what the future may hold.

Human population and environmental change as causes of
climate change
Participants conveyed a number of factors that they
thought could be the causes of climate change. Many
participants reported that the growing human population
contributes to environmental destruction. Participants
reported that in previous times they used to see fewer
‘bomas’ (Maasai homestead). Conversely, there are many
‘bomas’ in recent times which is evidence of the increase in
human population. However, during discussions it was no-
ticed that participants did not really associate increasing
numbers of livestock with climate change and/or environ-
mental destruction. At times, the facilitator tried to get
participants to elaborate on their views about the influence
of livestock as a possible cause for climate change but par-
ticipants did not clearly respond to this query. Rather, par-
ticipants were concerned about the increased population
pressure within the same land area, as commented below:

“As people are increasingly more, there is expansion of
human settlement but the land is not increasing, so in
recent times there are more farms and more
environmental destruction”. (Village leader, Focus
Group-village A)

Similarly, participants often admitted that in previous
times they used to see abundant wildlife such as ele-
phant, lion, and leopard in villages. However, these days,
because of human population growth and increased
human activity, wildlife have been pushed away. This
was explained as follows:

“Lots of vegetation and bush also wild animals like
elephant, lion were everywhere in the past. But since
1998-2000 wildlife started moving away due to popu-
lation increase, increases of human settlements and
the grass started decreasing”. (Village leader, Focus
Group-village D)

Human activities and population pressure have been
implicated as causes of climate change (Stephenson et
al. 2010). Thus, pastoralists’ knowledge indicated a good
match with the scientific knowledge. However, the ma-
jority of participants were hesitant to reveal about the
status of livestock population in relation to causes for
climate change. This could be either because pastoralists
do not understand the relationship between livestock
population and its impacts on climate change or it may
relate to cultural customs to hide information about the
herd size of cattle to a stranger due to a belief that it
may bring a bad luck to their livestock (L. Tiligay,
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Personal communication, 2015). However, hiding im-
portant information may lead to negative implications
especially on livestock development projects.
Around a half of the focus groups mentioned that cut-

ting trees causes environmental destruction and was as-
sociated with climate change. However, participants
stressed that tree cutting for charcoal production was
not a traditional practice. In recent times, because of cli-
matic change impacts on livestock production, pastoral-
ists have been forced to cut down trees to produce and
sell charcoal to generate some extra household income.
This was confirmed below:

“In older days Maasai did not cut trees for charcoal
purpose because women had enough milk for selling.
However, nowadays because of recurrent drought and
food insecurity, people try to diversify their economic
means and women are cutting down trees more in
these days”. (Village leader-Focus Group, village A)

While many participants stressed that increased human
population and tree cutting contribute to the climate
change they experience in their villages, other known con-
tributors to climate change were not directly mentioned.
For example, greenhouse gases arising from industrial ef-
fluents and the direct emissions of methane gases from
the digestion processes of ruminants and their manure,
were not mentioned (IPCC 2013; Steinfeld et al. 2006). It
could be that these contributors are more scientific and
intangible concepts that pastoralists are not exposed to.
Rather participants would more likely report the observa-
tions and experiences in their everyday life.

Variable sources of climate change information and early
warning systems
When asked about different sources of climate information
to help Maasai cope with the adverse impacts of climate
change and extreme weather events, participants mentioned
media as one of the modern ways that Maasai could access
climate information. However, this was not seen as a reliable
option because some households do not have a radio.
Participants also indicated that there are no reliable pro-
grams on early warning systems in place to help Maasai pre-
pare for harsh climatic conditions. One of the focus group
participants had this to say about climate information:

“Nowadays people have radios; however, they don’t
really help much because of bad network and only few
have these radios. So there are few people who get this
information through radios, but we don’t have any
other formal arrangement from the district to inform
us on extreme weather events and if we could have
that would really help us heaps”. (Village leader, Focus
Group-village H)

The limited access to information via the radio contrasts
with other studies were carried out in urban and/or
peri-urban areas where mass media such as radio, televi-
sion, and newspaper were reported to be the major ways
of getting climate risk information (Kabir et al. 2016).
In focus groups, we learned that in the same year a

project on climate change awareness and resilience coor-
dinated by a non-governmental organization (NGO) was
initiated in collaboration with Monduli District Council.
However, the project was still in the very early stages at
the time of the focus groups. We noticed that when par-
ticipants were mentioning the involvement of Monduli
District Council in relation to sources of climate infor-
mation, they were actually referring to this project. Here
is one participant explaining about the project:

“The village leaders had seminars on climatic change
that was coordinated by the Monduli district. The
seminar included village leaders, such as village
chairman and village council members to be trained
or having a seminar on climatic change and was
supposed to be shared to communities”. (Village
leader, Focus Group-village C).

About two participants mentioned that the Monduli
District Council was involved in informing some villages
on extreme weather events such as drought. However,
mention by only a small number of participants could
indicate that council programs on climate change aware-
ness and early warning systems are unreliable.
It was revealed in focus groups that participants use

their ‘common sense’ or traditional ecological knowledge
(TEK) (Berker et al. 2000) and experiences to foresee
and think of what kind of weather is likely in particular
years. This is what one participant said:

“There are no reliable early warning systems by the
council. But I can sense and see if we may have floods or
droughts this year. It is only the pastoralists themselves
work out on their own and sees the changes and start
thinking of what to do like moving their cattle
somewhere or doing something to cope with the weather
disaster”. (Village leader, Focus Group-village A)

The use of common sense also involved relying on
some trusted village elders (shine elders) who use ‘indi-
genous knowledge’ to predict what the weather will be
like. Similarly, many participants reported the use of the
‘indigenous knowledge’ in their communities. This is
what one participant explained:

“We just use our indigenous knowledge. We have our
elders who will look at the stars. They will look if the
stars have made a kind of cycle around to see if it will
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rain or not. Because we also look at the moon and see
if it makes a red or green colour…this predicts it is
going to rain. Sometimes they see the moon is like
sitting between two stars and this may predict deaths
will happen like many livestock will die or people will
go sick”. (Village leader, Focus Group-village I)

Pastoralists can use their own understandings, experi-
ence, and observations to foresee what is coming ahead
in terms of weather condition, and since the use of ‘indi-
genous knowledge’ can be trusted by pastoralists, this is a
tangible way that indigenous knowledge plays a role in
climate change response and adaptation at the local
level. The role of pastoralists’ ‘indigenous knowledge’ on
predicting weather conditions, especially extreme wea-
ther events and coping strategies, has been reported
elsewhere (Kwanya 2014; Assefa and Hans-Rudolf 2017).
Instead of relying on external agencies, such as the lim-

ited council programme, village environmental commit-
tees were reported to be responsible for reminding
villagers about environmental conservation and good land
use management. However, participants asserted that the
agenda of environmental conservation was infrequently
discussed in village meetings. Many participants reported
this type of village arrangement as pointed out below:

“What we do, we try to educate and emphasize to our
communities to have a good system on land use and
management in which we do separate grazing areas
and other land use, so we have specific areas for
grazing in dry season and in wet season”. (Village
leader, Focus Group-village I)

“We do have village environmental committee that is
responsible for educating people on environmental
protection, so people are not allowed to cut down trees
unnecessarily”. (Village leader, Focus Group-village E)

Nevertheless, the instructions emphasized by the vil-
lage committees are not always put into practice for
various reasons, as was revealed by participants below:

“We educate our people not to cut down trees
unnecessarily, we just address this in our village
meetings but people are not taking it so serious”.
(Village leader, Focus Group-village D)

“What we do, we emphasize on reducing number of
livestock by selling them when are in good health in
order to buy food for the family in times of drought.
Also we talk about tree planting (at least ten trees per
family per year), but water scarcity is a major problem
so tree planting is not effectively carried out”.
(Livestock officer, Focus Group-village F)

Throughout the focus groups, it was clear that there is
no reliable arrangement for dissemination of climate
change information and early warning systems pro-
grammes in the district. However, village initiatives
through village environmental committees were noted to
play some role at the village level. With this observation,
it is essential that climate risk information programs are
formulated and implemented effectively in pastoral
communities.

The negative impact of climate change on livestock production
Many participants reported experiencing severe drought
periods. Because of drought, livestock have had to trek
long distances in search of adequate feed and water. This
has caused deaths for a large number of livestock. They
also see cattle as the most affected species in this situ-
ation. Participants reported as below:

“We are experiencing a massive loss of cattle,
sometimes it can reach even 200 cattle dying at once.
For example, one farmer was remained with only few
cattle like 10 to 20 in 2009 severe drought. We also see
in 2014 drought many cattle died and we had lots of
bones scattered in people’s bomas. In addition, many
sheep died like one farmer had 1000 sheep about 900
died and remained with only few ones”. (Village
leader, Focus Group-village J)

Many livestock, especially cattle, are suffering and
dying because they are browsers of grazing land and
there is inadequate pasture. This leaves pastoralists won-
dering if the situation for rainfall will ever get back to
the way it used to be. For example, many participants
envisaged that they might end up losing more livestock
with long-term climate change. Further participants
spoke of how their cattle are producing less milk and
meat. Here are participants’ explanations:

“What my fellows say it is very true, because since
when I moved in this village I was so young at that
time when you see cow is milked you will see ‘mama
yoyo’ milked two cows and that milk was enough for
even two ‘bomas’. In the past cows were very healthy
and fatty but nowadays we don’t see fatty and big size
cows anymore”. (Village leader, Focus Group-village A)

The lower milk yield was associated with inadequate
feed in quantity and nutritional quality leading to
general weakness and lower production in their cattle.
Similar impacts on milk production and livestock body
condition have been reported in other semi-arid areas of
Tanzania (Lyimo and Kangalawe 2010; Kangalawe and
Lyimo 2010; Magita and Sangeda 2017).
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Climate change has affected pastoralists economically
because of the feed shortages. Animals become emaci-
ated with low production especially in the dry season
which leads to lower prices for livestock at sale and
less milk available for sale. This is attested by this
participant:

“The low milk production affects us economically
because we can’t get enough milk for selling, we can’t
send our children to school, and overall livestock
productivity in the dry season leads to very poor
market that affects our livelihoods severely”.(Village
leader, Focus Group-village F)

Pastoralists were emotional when they explained the
impacts of climate change on their livelihood. The prob-
lem of poor market was described by pastoralists, who
expressed their difficulties in sending their children to
school and coping with living standards in general.
In the focus groups, participants associated climate

change with eruption of some cattle diseases. About one
third of focus groups explained that some diseases were
not found in their areas in the past, but with increased
animal movements in search of sufficient pasture during
severe droughts and interactions among animals these
diseases were now observed. Participants thought some
of the new livestock diseases were introduced in their
areas through this means. For example since the severe
drought of 2009, pastoralists associated severe anaplas-
mosis occurrence with animals’ interactions with cattle
from other places like a neighbouring country. This was
asserted by a few participants as follows:

“Yes we have less pasture but also we see more
diseases in these days. For example ‘nyongo’ diseases
we did not have it in our area before. We also take our
animal to other grazing areas outside our village by
doing that we bring new strains, because there is more
interactions of livestock and we get new diseases and
we now see it in our place could because of more
interactions”. (Village leader, Focus Group-village A)

“Ndigana (East Coast fever, ECF) is also a problem
especially during the rainy season especially from May
to July, and in the dry season we see more cases of
‘ormilo’ (bovine cerebral theileriosis), ‘orkipei’
(contagious bovine pleuropneumonia, CBPP) and
CCPP”. (Village leader, Focus Group –Village F)

“Orkipei (CBPP) is occurs is a lot in drought periods
and we think is related to dry season and dust. The
extreme temperature caused depletion of bone marrow
(‘nadendoliti’) due to severe hunger”. (Village leader,
Focus Group-village C)

Many participants related disease occurrence with cli-
mate change particularly during the dry season. It is likely
that the interactions of animals when congregating in
scarce and shared grazing areas and water points, may fa-
cilitate transmission of new or virulent pathogens and/or
parasites. Similar observations on livestock disease out-
breaks were reported elsewhere, especially in the dry sea-
son (Kangalawe and Lyimo 2010; Chamliho 2017).

Discussion
The aim of this study was to investigate pastoralists’ per-
ceptions, experiences and understanding of climate
change and its associated impacts on cattle production.
Findings from this study have revealed that there is a
growing realization among pastoralists that climate
change and variability is happening in their local areas.
Most cattle owners acknowledged that there have been
significant changes in climatic conditions over the last
three decades. Similarly, the discussions with focus
groups revealed that climate is continuously changing
and the situation in relation to drought, for example, is
getting worse. The concept of ‘climate change’ was asso-
ciated with variability in weather parameters in which
the major concern was reduced rainfall amount, as well
as erratic and unpredictable rainfall. Pastoralists are ex-
posed to the impacts of climate variability and change,
which means their perceptions will be based on their
daily experiences and observations. The scientific defin-
ition for ‘climate change’ as according to IPCC (2007) re-
fers to “a change in the state of the climate that can be
identified (e.g. using statistical tests) by changes in the
mean and/or the variability of its properties and that
persists for an extended period, typically decades or lon-
ger”. Such a definition is more complex than pastoralists
may be able to describe; however their long time experi-
ences largely agree with the scientific description of cli-
mate change. The decline in rainfall volume and
increased variability, as well as increased temperature,
have been reported in other regions of Tanzania (Lyimo
and Kangalawe 2010; Kangalawe et al. 2011; Magita and
Sangeda 2017), Kenya (Silvestri et al. 2012; Opiyo et al.
2014), Ethiopia (Megersa et al. 2014; Debela et al. 2015),
and Nigeria (Tambo and Abdoulaye 2013). These find-
ings indicate climate change is a current concern over a
wide range of similar communities across Africa.
Findings from this study suggest that pastoralists are

not simply more aware of climate change; they also feel
deeply anxious about the impacts of climate change on
their livestock keeping practices and day-to-day lives.
Analysis of meteorological data for the thirty-year period
(1984–2014) shows variability and general decline in
rainfall over the studied period. Pastoralists were able to
recall years in which they experienced severe water and
pasture shortages, many of which aligned with years of
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low total precipitation and/or extended periods of mod-
erate dry as indicated by the SPI. In addition, the focus
groups perceived that there has been a decline in the
amount of rainfall, with delayed rainfall starts and early
cessation. Previous studies in the study area corroborate
cattle owners’ experiences of severe drought (Goldman
and Riosmena 2013; Galvin et al. 2001). Indeed, pastoral-
ist perception of declines in rainfall have been reported
across many countries of Africa (Juana et al. 2013;
Maddison 2006; Rao et al. 2011).
Pastoralists were pessimistic about the future of their

cattle keeping practices because of unpredictable rainfall
patterns. This will severely impact availability of water
and pasture and is likely to lead to conflicts over range-
land resources between pastoralists and crop farmers
(FAO 2012). The ongoing shrinkage of grazing pasture,
uncertainty about rainfall, and feed and water scarcity
are no longer conducive to livestock keeping practices,
and the frequent migration of livestock is less feasible.
Cases for disputes between pastoralists and crop farmers
have been increasingly reported in Tanzania and else-
where in recent times (Lyimo and Kangalawe 2010; FAO
2012). In addition, there have been some administrative
requirements when pastoralists need to move from one
village to another for grazing (village leader-village A,
personal communication, 2015). All these challenges are
making the pastoralist communities’ normal ways of liv-
ing more difficult. Establishment of local perception on
climate risk is a positive step toward involving pastoral-
ists in formulation of sustainable adaptation options
(Debela et al. 2015).

Causes of climate change
In this study, pastoralists attributed climate change to
environmental destruction such as tree cutting for char-
coal production, as well as increasing human population.
Pastoralists perceived that these activities aggravate
desertification in Monduli District. Pastoralists reported
cutting down trees in an effort to diversify livelihood op-
tions so not to rely on livestock production alone. Other
studies in similar communities have reported the in-
creasing trend for charcoal production (Nassef et al.
2009; Debela et al. 2015). Recent rapid population
growth (human and livestock) was also associated by
pastoralists with the climatic variations observed. Hu-
man population growth in the study area is estimated to
be between 3.8 and 4.3% per year (NBS 2013; ADF
2003). These observations are similar to the existing lit-
erature in which deforestation and population pressures
are expected to exacerbate climate change (Chakravarty
et al. 2012; Angelsen 1999; Megersa et al. 2014). A small
proportion of cattle owners perceived climate change to
be related to factories and industry activities. In addition,
participants in two focus groups stated that the smoke

from military trainings interfered with rainfall formation.
It is unclear if this was a reference to greenhouse gas
emissions caused by industrialization and/or other air
pollutions; however such a concept would seem intan-
gible to most pastoralists in the area.

Climate change information
This study revealed that there are no clear district-level
programmes on climate information and early warning
systems in the study area. Interestingly, during the time
of data collection, it was noticed that a local
non-governmental organization (namely International
Institute for Environment and Development at Arusha
region office (IIED)) had just started some initiatives on
climate change risks and resilience with involvement of
locals. Climate change information is valuable in helping
pastoralists cope with the climate uncertainties and its
adverse impacts (Luseno et al. 2003; Egeru 2016). Find-
ings from this study revealed the use of ‘indigenous
knowledge’ by shine elders (these are lead elders with
particular knowledge and responsibility in the commu-
nity) and ‘common sense’ as frequent sources of climate
information especially for pastoralists to forecast the on-
set of rainfall or prediction for a bad or a good year.
Other studies in similar communities have also reported
the use of ‘indigenous knowledge’ for predicting rains or
droughts (Abate 2016; Kagunyu et al. 2016; Egeru 2016).
However, due to increasing climate variability and uncer-
tainties, the traditional forecasting methods are per-
ceived to be less reliable (Kagunyu et al. 2016). The
modern/formal pathways represented by radio and tele-
vision were not seen by participants as a reliable means
for gaining climate information. This reflects the fact
that the majority of pastoralists are rural dwellers where
there is limited access to radio and television. Informa-
tion on climate risks is vital for improving resilience par-
ticularly for the most vulnerable pastoral communities
(Kagunyu et al. 2016). When pastoralists are aware of
possible extreme weather events and change in weather
conditions, they are more likely to respond positively by
applying appropriate coping strategies (Silvestri et al.
2012). This is an area which needs to be strengthened
since it is an integral part for the development and
implementation of adaptive strategies in pastoral
communities.

Impacts of climate change on cattle production
Pastoralists revealed the seriousness of climate risk and
the potential consequences of climate change. They re-
ported that the recurrent drought periods cause massive
cattle deaths, severe feed shortages and water scarcity
which leads to serious socio-economic impacts. Other
studies in similar communities have reported similar
impacts (Goldman and Riosmena 2013; Magita and
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Sangeda 2017; Tolemariam et al. 2015), including high
cattle losses during severe drought periods (Megersa et
al. 2014; Magita and Sangeda 2017; Bushesha et al. 2009).
In this study, eruption of cattle diseases was also associ-
ated with climate change. Pastoralists outlined cattle
diseases such as CBPP (‘orkipei’), cattle anaplasmosis
(‘nyongo’), ECF (‘ndigana’), sudden death of cattle
(‘alakirikiri’) and depletion of bone marrow (‘nadendolit’)
as well as severe loss of body condition. Micro-climate
conditions, interactions of animals in grazing areas and
water points during the dry season, coupled with weak
immunity of animals during feed shortages can contrib-
ute to epidemics of animal diseases (Dantas-Torres 2015;
Rojas-Downing et al. 2015; Kimaro and O Chibinga
2013). Furthermore, climate change can indirectly influ-
ence microbial communities (pathogens or parasites) and
vectoral ecology which may lead to spread in livestock
diseases (Thornton et al. 2009; Baylis and Githeko 2006;
Patz et al. 2008; Dantas-Torres 2015). This study calls for
further studies that investigate in detail the dynamics of
infectious diseases in a changing climate, and suggest
livestock adaptation options as an important component
to maintain resilience.
Pastoralists admitted that the frequent droughts lead

to severe economic impacts due to poor livestock mar-
kets. The price of cattle was reported to decline during
these periods due to poor condition of the cattle.
Further, during this time many households were trying
to sell their livestock to earn income for living expenses
(Silvestri et al. 2012). Reduction in milk yield was an-
other major problem that pastoralists reported more in
recent times due to inadequate feed and water, as well as
heat stress. Similar observations for reduced milk
production has been reported elsewhere in Tanzania
(Sangeda and Malole 2013; Magita and Sangeda 2017;
Goldman and Riosmena 2013). Milk is a staple food for
pastoralists, thus climate change poses risks to food and
nutritional security in these communities, in particular
for women and children (Nassef et al. 2009; Opiyo et al.
2014). Pastoralists in this study reported experiencing
psychological stress due to the negative effects of climate
change on cattle production. This study calls for im-
provements to adaptive capacity of pastoralist communi-
ties, including effective and sustainable animal health
services. These services must include animal disease
surveillance, coupled with sustainable cattle disease
management programs in pastoral communities (Kimaro
et al. 2017a).

Limitations
Adopting a mixed methods approach enabled a deeper
understanding and insight into how pastoralists in this
community understand climate change and its impact.
Nonetheless, this study had limitations. The information

collected from cattle owner surveys and focus groups is
likely to be impacted somewhat by recall bias, and it is
possible that pastoralists’ ability to synthesize their expe-
riences and observations over a long period would be
subjective. Further, the meteorological data utilized for
this study came from one weather station near Monduli
town, which is rather sub-humid. These may not reflect
the climate situation across the district, and likely over-
estimate rainfall across the studied villages. Finally, the
gender imbalance among participants must be acknowl-
edged. Further research is needed to establish womens’
views on climate change, particularly given their social
and economic inequality.

Conclusion
In conclusion, this study has shown that pastoralists
have a good understanding of climate variability and are
aware of climate change as per their experiences and
observations over the last three decades. For cattle pro-
duction, the reduced rainfall, recurrent droughts and
increased temperature experienced were reported as a
major challenge to cattle raising through impacts on
pasture and water availability, and disease risks. Subse-
quent occurrence of cattle starvation and disease out-
breaks each leading to cattle deaths, and reduction in
milk production and market price, are the distressing
and serious consequences experienced by pastoralist
communities in northern Tanzania. Thus local observa-
tions on climate change should be considered and inte-
grated with scientific knowledge in order to form clear
climate change adaptation strategies and policies.
Improvement on climate information and early warning
systems in pastoral communities is a vital component
for building pastoralist resilience, but is currently lacking
in Monduli District. Detailed long-term scientific re-
search is needed to quantify and verify the reliability and
relevancy of indigenous knowledge in forecasting weather
patterns. This study informs policy makers and animal
health planners on development of appropriate measures
including stable institutional support for adaptation and
mitigation practices in pastoral communities.

Recommendations
On the basis of this study, we recommend establishment
of structured climate change information and early
warning systems to better support these vulnerable
communities. These plans can be achieved through
multidisciplinary approaches involving the Tanzania
Meteorological Agency, climatologists, ecologists, epide-
miologists, local government and animal health develop-
ment partners working together through NGOs, civil
society and community-based organizations to equip
and to enhance the resilience of Maasai communities
against climate change impacts.
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