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Abstract 

 

Future climate change and variability is one of the top priorities for most countries and 

regions in the world. Unpredictability and uncertainty regarding future climate is making 

adaptation forecasts and mitigation of climate change on societies a real challenge for both 

climate scientists and policy makers. The climate system is not a static entity. On the 

contrary, changes are part of the mechanism. The impact of human activities, however, has 

accelerated processes inducing the need for rapid adaptation and mitigation strategies. This 

thesis focuses on understanding how hydrology and climate influence vulnerability and 

adaptation of rural Tanzania. This is done by looking at social, climatic and biophysical 

factors of two villages located in western Tanzania. Analysis of local climate and 

hydrology factors showed that precipitation and evapotranspiration amounts were about the 

same, resulting in small margins for error for successful small scale agriculture. 

Investigation of various strategies used by farmers as a response to present climate 

variability are insufficient, and raise concerns about the potential hazard of future climate 

change. Most of the strategies rely on socio-ecological services from the surrounding 

environment, and therefore would face dire consequences as a result of future climate 

change. A wider understanding of successful current adaptation and resilience strategies 

and their systematic application would increase the ability of farmers to meet the challenges 

of future climate volatility.  
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Abbreviations and symbols 

 

ADAP  Absolute Deviation from Average Precipitation 

ADAT  Absolute Deviation from Average Temperature 

AP  Average Precipitation 

AT  Average Temperature 

DP  Daily Precipitation 

DT  Daily Temperature 

EMAT  Estimated Monthly Average Temperature 

EP  Effective Precipitation 

ET  Evapotranspiration  

ETa  Actual Evapotranspiration  

ETp  Potential Evapotranspiration 

MAP  Monthly Average Precipitation 

MMAT  Mean Minimum Annual Temperature 

MMAT’  Mean Maximum Annual Temperature 

MMMT  Mean Monthly Minimum Temperature 

MMMT’  Mean Monthly Maximum Temperature 

MMT  Mean Minimum Temperature 

MMT’  Mean Maximum Temperature 

MTP  Monthly Total Precipitation 

n   corresponding year 

P   Precipitation 

Q  Runoff 

R²  Coefficient of determination 
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T   Temperature 

WB  Water Balance 

x   number of years in the equation 

YAP  Yearly Average Precipitation  

YAT  Yearly Average Temperature 

YTP  Yearly Total Precipitation 
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1. Introduction 

 

1.1. Purpose of study  

The arising concerns regarding climate change have been highlighted on a global stage by 

dramatic climate events which overall have resulted in people viewing climate change as a 

threat. Indeed, a changing climate is a source of uncertainty which creates an unpredictable 

future, but in some instances it may mean a change towards more favourable climatic 

situations. Nevertheless, where climate variability is high, and livelihood margins are small, 

effects on local hydrology and water availability have significant consequences for 

surrounding environment and local communities living in the area. By looking at 

agricultural practices in western Tanzania and the various ways farmers are meeting the 

challenges of changing climate, this study will try to improve the understanding of 

vulnerability and adaptation requirements in these rural areas. It will also provide an initial 

estimate of water availability, which is an important limiting factor for agricultural 

productivity and is essential for building adaptive capacity in a developing country.  

 

1.2. Aims and objectives  

The main focus of this study is on agricultural adaptability in the context of past, present 

and future climatic conditions in western Tanzania. The study focuses on the importance of 

understanding how hydrology and climate are influencing vulnerability and adaptation in 

rural Tanzania. This paper considers two local communities in the Malagarasi-Muyovosi 

wetlands of western Tanzania, which experienced climate related events in the past such as 

droughts and floods. The study makes an estimate of the ability of farmers to adapt to 

future potential climatic change and current climate variability. It also gives a broad picture 

of the state of climate and hydrology in the Malagarasi-Muyovosi wetlands over the past 

thirty years. As such, it also aims to compare the recorded hydrologic and climatologic data 

to the actual experience of farmers, who have been continuously adapting and changing 

their agricultural methods during this period.  

 

The main questions addressed are:  

 How are hydrology and climate manifesting and impacting on agricultural 

practices?  

 What kind of adaptations have farmers developed to face changes?  

 Are these adaptations adequate regarding future climate scenarios?  
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1.3. Background  

Century after century, the human race has had to deal with climate changes. However, in 

the past decades the whole climate system itself has changed due largely to anthropogenic 

influences (Boko et al., 2007).   

Climate change, as commonly understood, can be classified in two main temporal scales, 

short and long-term (McGregor and Nieuwolt, 1998). Long-term climate change occurs on 

a time scale greater than 20,000 years, and is mostly driven by external factors such as 

changes in the orbit of the earth around the sun (e.g. precession). Short-term changes are 

typically categorised as changes occurring from 100 to 20,000 years (e.g. obliquity). Such 

changes to climate are fundamentally different from climate variability.  

Climate variability occurs at a time scale of less than 100 years and encompasses multi-

annual cyclical changes which are considered internal drivers, such as the El Nino Southern 

Oscillation (ENSO) (Goodess et al., 1992 cited in McGregor and Nieuwolt, 1998).  

Over the last decades, Africa has experienced many difficulties as a result of climate 

variability and extreme climate events. Tanzania was faced with numerous climate related 

disasters such as floods and droughts resulting in crop failures, livestock deaths and others 

(Shemsanga et al., 2010). Nearly all societies and activities are sensitive and vulnerable to 

climate change; this is especially true for people relying on agriculture as a livelihood. 

Above all, vulnerability is socially constructed (Adger et al., 2003). Individuals with many 

similarities, when faced with the same situation will choose to face, cope and adapt to it in 

different ways. As Adger, et al. (2003) suggest, all societies are adaptable but have different 

tools to face vulnerability with. Vulnerability is also linked to processes that take place at 

different geographical scales. For example, villagers of western Tanzania might not have 

access to assets, due to the political economy of the region, which would enable them to 

better meet and mitigate a vulnerable situation (Eriksen et al., 2005). Therefore, we can see 

that vulnerability is both socially and spatially dependent.   

Spatial vulnerability can also be found in the dichotomy between urban and rural 

environments. Rural dwellers will be more affected than urban dwellers because of their 

limited access to resources, their lower exposure to satisfying technologies, and their 

overdependence on local or regional natural resources when facing a vulnerable situation. If 

one looks at the role agriculture plays at not only the household level but also national level 

in Tanzania, vulnerability to climate variability can be considered as high across the 

country. This vulnerability is essentially due to the overdependence on rainfed agriculture 

(Mary and Majule, 2009). In Tanzania, agriculture represents 25.8% of the GDP and 

comprises up to 40% of export earnings. Additionally, 80% of Tanzanians live in rural 

areas where agriculture accounts for more than 75% of rural household incomes 

(Shemsanga et al., 2010). When looking at the Malagarasi-Muyovosi wetlands, the 

importance of reliable hydrologic and climatic regimes is a key to ensure a decent 

livelihood for farmers. So, vulnerability to climate change and variability needs to be 
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perceived as the result of biophysical and socio-economical stressors (Adger et al., 2003).  

Resilience strategies to face vulnerability are essential tools for the future economic and 

social growth of developing countries. While year to year smaller scale adjustments can 

help reduce vulnerability to climatic variability, a long-term perspective of vulnerability to 

climate change needs to be avoided through adaptation. According to Smith, et al. (1996) 

adaptation is realised through small adjustments, in the society and the economy, to answer 

external climatic stimuli. As such adaptation strategies are activities or habits that are 

performed every year to face potential impacts of climate related events on livelihoods 

(Mary and Majule, 2009). These differ from coping strategies which are not systematically 

reproduced every year and have a short term purpose. They are often set in response to a 

shock and are considered part of traditional indigenous knowledge. As Eriksen, et al. 

(2005) observed, people’s strategies regarding livelihoods are more about “having a 

satisfying answer in handling shocks than escaping from poverty”. When looking at the 

diverse ways to cope with climate variability, one must realise that no one model can easily 

catch the complexity and diversity of coping and adaptation strategies (Eriksen et al., 

2005). Therefore, in this thesis, both coping and adaptation strategies will be gathered 

under the term “adaptations”. These complex and interactive processes can be considered 

as an ever evolving system that is temporally, spatially, socially and individually 

dependent.   

 

2. The study area and data set 

2.1. Localisation 

The area investigated in this thesis is located in western Tanzania. More precisely the study 

considers two small villages located in the western part of the administrative region of 

Tabora, in the district of Urambo. These villages are situated on the edges of the 

Malagarasi-Muyovosi wetlands which are protected under the RAMSAR convention for 

wetlands of international importance (Convention on Wetlands of International Importance, 

1971). Village names are Tuombe Mungu (coordinates: 5°05’34.77’’S 31°42’26.87”E) and 

Limbula (coordinates: 5°07’24.25”S 31°44’27.31”E) (Figure 1). The two villages are 

approximately seven kilometres apart and share the same environmental features. The 

villages are located at an approximate altitude of 1070 meters above sea level. Tuombe 

Mungu in 2002 has 4,622 inhabitants comprising 1,381 adult farmers.  Limbula is a smaller 

community having 2,500 villagers and 900 adult farmers in 2002. Ruling structures are 

essentially the same, constituted of a municipal council and village executive officers.  
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2.2. Climate 

The villages are located in the sub-humid tropical zone. The mean annual temperature in 

the region of Tabora is 23,4ºC (Acres, et al., 1984), temperature under the tropics oscillates 

slightly all along the year but no more than three or four degrees in average, showing small 

annual ranges  (Hazelhurst and Milner, 2007). Temperatures are the lowest from May to 

August; the hottest month is October (Acres, et al., 1984).   

The wet season is approximately six months long with 90% of the precipitation occurring 

between November and April (McGregor and Nieuwolt, 1998). Yearly precipitation over 

the area averages between 800 and 1000 mm (McGregor and Nieuwolt, 1998). The 

precipitation pattern depends mostly on the Inter Topical Converge Zone (ITCZ), which 

brings rains, depending on the latitudinal position of the overhead sun with a time lag of 

about four to six weeks. In Eastern Africa, there are two rainy seasons: the long one (March 

and April) and the short one (November and December). In the southern part of eastern 

Africa (approximately 200 km south of the study area) the two rainy seasons are very close 

from each other, with a noticeable decrease of precipitation in February. The difference in 

length of the two rainy seasons is mostly due to the width and the slow northward 

movement of the ITCZ in March, whereas the move southward is more rapid in November 

(McGregor and Nieuwolt, 1998). Rainfall variability in East Africa is very high and the 

arrival of rainy season varies greatly between years (Nicholson, 1988 cited in McGregor 

and Nieuwolt, 1998).    

 

2.3. Hydrology 

The study area is a part of the Malagarasi-Muyovosi wetland. It is draining a large part of 

north western Tanzania (approximately 3,25 million hectares) and is constituted of 

numerous rivers and streams (Hughes et al., 1992). The main rivers in the wetlands flow 

southward. The Malagarasi River has its headwaters in the highlands of Burundi and the 

Muyovosi headwaters are located close to the southern shore of Lake Victoria, as are those 

of the Kigosi River. The southern part of the wetlands is drained by the Ugalla and Wala 

Rivers, with headwaters in central Tanzania near Tabora.   

The two villages in this study lie close to the Zimbwe River which feeds and drains Lake 

Sagara before its confluence with the Ugalla River to the west. This area is an extensive 

swamp/lake/floodplain system reaching 24 km in width above Lake Sagara 

(5°14'S/31°07'E). The Zimbwe is encompassing 93,000 ha of wetlands and 8,000 ha of 

permanent swamps (Hughes et al., 1992).   

The functions of the system include water storage, flood control, ground water recharge, 

sediment retention and water purification (Director of Wildlife, 1999). The main rivers of 

the network all meet close to the Malagarasi village where they form the Malagarasi River 

which leads to Lake Tanganyika. The Malagarasi-Muyovosi catchment area is part of the 

Tanganyika Catchment comprised in the Congo River Basin, which discharges to the 
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Atlantic Ocean. The main differing hydrologic feature of the two villages is their proximity 

to the floodplain of the Zimbwe River.  

 

2.4. Land cover and vegetation 

The study area is situated in the sub-humid tropical zone. Variation of land cover and 

vegetation can be observed at the study site; miombo woodlands are the typical land cover 

of the area. They are large and discontinuous woodlands covering most of the elevated 

areas. The miombos can be interspersed with mbugas grasslands constituted mostly of 

hyparrhenia grass (approximately one meter high). Areas of lower elevation are principally 

covered by savannah. Swamps and marshes develop in the lowest parts of the landscape.   

Seasonally inundated floodplains (Bondeni in Swahili) have specific features i.e. riparian 

plants develop around seasonal ponds and water crosses roads. At the catchment scale 

encroachment and deforestation are common especially for the purpose of increasing the 

size of settlements and agricultural fields. Deforestation mostly results from fuel-wood 

gathering and livestock grazing in the miombos. The use of fire to regenerate grasslands is 

practised haphazardly and frequently resulting in a decreasing fertility of grasslands for 

livestock grazing (Hazelhurst & Milner, 2007).  

Farmers in the catchment areas typically grow staple crops such as cassava and beans, but 

also earn some money from the sale of cash crops such as tobacco, maize, and rice. Rice 

paddies are located in the mbugas (Planning Commission Dar Es Salaam, 1998).  

 

2.5. Data set 

The main physical data used in this study is from the Tanzanian Meteorological Agency in 

Dar Es Salaam. The collected material includes two different types of data: precipitation 

and temperature.  

The daily precipitation data was obtained for four cities which are  

Tabora (5°01’13.96’’S 32°48’16.32’’E), Urambo (5°04’17.12’’S 32°04’13.99’’E), Nzega 

(4°12’54.51’’S 33°11’07.57’’E) and Kasulu (4°34’22.28’’S 30°05’48.44’’E), they are all 

situated in the Malagarasi-Muyovosi catchment area. The length of the data is varying 

regarding the cities but three of them (Tabora, Nzega and Kasulu) cover the period 1970-

2003, while the Urambo record covers 1978-2003. Data is generally speaking of good 

quality with a few gaps in the records due to some technical or administrative problems 

throughout decades.  

The temperature data was put together in a way to get the best appreciation of past and 

current temperature levels in the area. The original material was the compilation of monthly 

records for the two stations, with the mean minimum temperature and mean maximum 

temperature for every month between year 1970 and 2003. Tabora station (5°01’13.96’’S 

32°48’16.32’’E) is located in the Malagarasi-Muyovosi catchment area and the other 

station, Kigoma (4°53’02.80’’S 29°40’07.16’’E), is located on the shore of Lake 
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Tanganyika. The material is of good quality with minimum interruptions in the recording, 

especially in Tabora.  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Methods 

In order to better understand how climate and hydrology in western Tanzania can influence 

vulnerability and adaptation of local communities. Past to present climate and hydrologic 

records were used to see how climate variability has impacted the livelihood of farmers. 

Using a data-derived picture and potentially better characterisation of past climate and 

hydrologic events in addition to interview data collected from farmers, vulnerability and 

adaptations will be easier to identify and assess. The following section presents the methods 

Figure 1. Map of Lake Tanganyika and its 

catchment (East Africa). Location of the two 

selected villages (modified from Bergonzini et al., 

1995). 

Tuombe 

Mungu 

Limbula 
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used for the inter-disciplinary approach utilised in this study. The methods presented 

thereafter are facilitating the understanding of results and making the processing stage 

transparent. Moreover, the following section tries to characterise a general area that can be 

associated with the Malagarasi-Muyovosi wetland and its surroundings. Temperature and 

precipitation stations are located in a maximum 200 km radius from the wetlands. All data 

has been computed for the period 1970-2003 using Microsoft Excel.  

 

3.1. Hydro-Climate characterisation  

This section defines the methods used to calculate the general climatic indicators presented 

in this study.   

 

3.1.1. Monthly Average Precipitation (MAP)  

This parameter has been calculated using daily precipitation (DP) data from the four 

precipitation stations above mentioned. In every station the MAP has been calculated by 

first computing the monthly total precipitation (MTP) for each month in the period. This 

was done by adding the DP of each month of the period. Then, all MTPs were gathered by 

respective month (i.e. all months of January together) and were averaged to obtain the 

MAP. The MAP of each station was then averaged to obtain the MAP of the area. Records 

of Urambo station are shorter than the others, so when MTP was missing in the calculation 

of the MAP, the lacking data was assumed to be missing and not equal to zero. Indeed, it 

seems reasonable to assume that it surely rained during the missing year rather than 

assuming precipitations were nil.  

 

3.1.2. Yearly Average Precipitation (YAP) 

In every station, the yearly total precipitation (YTP) has been calculated. To do so, the DP 

of each month of the period was added to form the MTP for every month of every year for 

the period. Then, every station was gathered and the YAP was calculated by averaging 

every year where data was available. However, records at Urambo station were shorter than 

others and when MTP was missing in the calculation of the YTP, the lacking data was 

assumed to be missing and not equal to zero. When calculating the YAP, some YTP for 

certain years were missing. The decision was made not to calculate the YAP if two (or less) 

over of the four stations were lacking data for the same year. This choice was made in 

regards of accuracy. Indeed, it is important to keep in mind that the aim of this parameter is 

to give harmonised yearly precipitation over the area avoiding the result to be biased 

because of a limited number of components in the equation. Trendline for the YAP was 

applied using the Microsoft Excel function.     
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3.1.3. Absolute Deviation from Average Precipitation (ADAP)  

This parameter was calculated to estimate the deviation existing between any YAP and the 

mean of the YAP called average precipitation (AP), for the whole period. Indeed, by using 

this tool, one can see if any selected year has been drier or wetter than the mean.   

To calculate this parameter, the first step was to determine the AP for the period 1970-

2003. This is possible by simply calculate the average of all available YAPs, The second 

step was to withdraw the AP from every YAP. The calculated result is a positive or 

negative value compared to zero and characterises a wet (positive) or dry (negative) year. 

Trendline for the ADAP was applied using the Microsoft Excel function.    

 

3.1.4. Estimated Monthly Average Temperature (EMAT)  

This parameter gives an approximation of the monthly average temperature by averaging 

the mean minimum temperature (MMT) and the mean maximum temperature (MMT’) over 

the area. Calculation of the actual monthly average temperature would have been possible if 

the daily temperature (DT) records would have been available.   

EMAT was calculated in three steps. First, the MMT for Kigoma was calculated by adding 

all mean monthly minimum temperature (MMMT) of the same month and dividing them by 

the number of years used in the calculation. Second, the mean MMT’ for Kigoma was 

calculated following the same procedures. Finally, the mean minimum was added to the 

mean maximum and the sum was divided by two which led to the calculation of the 

station’s EMAT. The same process was used for Tabora. At the end of the process, EMATs 

from each station were averaged, resulting in the EMAT for the entire area.  

Following this, the EMAT and MAP above calculated were placed under the form of a 

climagram developed by Gaussen (Charre, 1997), in which monthly variations of 

temperature and precipitation can be observed over the year. On these scales, one gradation 

of temperature is equal to two gradations of precipitation (P=2T). All precipitation located 

beneath the temperature curve characterise dry months.   

 

3.1.5. Yearly Average Temperature (YAT) 

Calculation of the YAT is important. The values calculated will be used in the estimation of 

the potential evapotranspiration (ETp), but essentially the YAT is a good indicator in 

following year after year average temperature for an area. First, the average of the mean 

minimum annual temperature (MMAT) was calculated for every year at each station. This 

was done by adding all MMMT and dividing the result by 12 (number of months) for every 

year. The same procedure was carried out for calculating the average of the mean 

maximum annual temperature (MMAT’) for each station. Regarding the consistency of the 

records in both stations, when calculating the MMAT or the MMAT’, the choice was made 

that if one MMMT or mean monthly maximum temperature (MMMT’) was missing it was 

considered of having a value of nil and not equal to 0. However, if more than one month 
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was lacking to calculate any MMAT or MMAT’, the result would also be considered as nil. 

After calculating these two variables, they were gathered and averaged to give the YAT in 

Kigoma and Tabora. Finally, calculating the YAT for the area was simply done by 

averaging the YAT of the two stations. Trendline and the coefficient of determination for 

the YAT were applied using the Microsoft Excel functions.  

 

3.1.6. Absolute Deviation from Average Temperature (ADAT)  

The ADAT value is useful in determining if one year has been warmer or cooler than the 

average temperature (AT) for the whole study period. To calculate the AT, the first step is 

to add all above mentioned YATs and divide the result by the number of years. Then the 

difference between the AT and the YAT gives the ADAT. This is similar to the methods 

used for determining the ADAP. The trendline for the ADAT was applied using the 

Microsoft Excel function.  

 

3.1.7. Water Balance (WB)  

The aim of this section is to demonstrate how the water balance has been created for the 

area. In general, a water balance is calculated to estimate how much water enters a system 

(precipitation (P)) and how much water exits out of the system (runoff (Q)). If we then 

assume that the change in storage is negligible, we can then suppose that the difference 

between the water coming in and the water going out is equal to evapotranspiration. In the 

absence of information to calculate Q, one can assume that the difference between P and 

the actual evapotranspiration (ETa), called the effective precipitation (EP), is the water used 

to recharge groundwater or produce runoff.  

 

However, in this study data for both the runoff and the evapotranspiration of the area were 

not attainable from the Tanzanian Meteorological Agency. Therefore, the first step in the 

calculation of the water balance, was to calculate the ETp, through a simple formula cited 

by Shibuo, et al. (2007) based on Langbein (1949), where ETp is a simple function of T:  

 

 

 

Evaluation of the areal ETp was done by applying the formula to every YAT, previously 

calculated. This was done for every year of the study period.  Use of this method was 

motivated by the fact that this formula is easy to use and was previously used by 

Koutsouris, et al. (2010) in a similar African environment very close from the study area.   

Then, the ETa was calculated thanks to the ETp and the P that correspond to the YAP. As 

used by Shibuo, et al. (2007), and based on Turc (1954):  

 

                     

²*9,0*21325 TTETp 



Climate change and vulnerability: impact assessment study of the agricultural adaptability in Tanzania 

18 

 

 

 

 

 

 

Using the formula, the calculation of ETa was simple. Every year where data was available 

has been computed. However, some results are unavailable as a result of the inconsistent 

record of precipitation and the choice made to avoid irrelevant areal data. Trendline for the 

ETa was applied using the Microsoft Excel function.   

 

Already having P and ETa data, it is simple to calculate the EP. Climatic parameters 

calculated in the above section, are making the realisation of the water balance much easier.

   

When gathering the needed data (YAP and ETa) it is apparent that calculating the EP is 

easily possible following a basic subtraction formula:  

 

 

 

Trendlines for the ETa and YAP were applied using the Microsoft Excel function. These 

trendlines are good indicators of the general evolution of the ETa and YAR for the study 

period. 

   

3.2. Vulnerability and adaptation characterisation  

This section focuses on how estimates were made of people’s perceptions about 

vulnerability and adaptation in the two villages. These estimates are based on data that was 

collected during field work carried out in the study area. Observations, interviews and 

discussions with farmers were conducted over a period of several weeks leading to a clearer 

understanding of existing vulnerability and current and potential methods of adaptation. 

The following text is developing the method used to evaluate and quantify the interview 

data performed with rural farmers.  

3.2.1. Focus Group  

Central to successful group discussion was capturing a wide range of opinions about 

vulnerability and adaptations. The groups consisted of five people selected by the village 

executive officer in accordance with basic criteria such as age and gender, in order to 

ensure a diverse panel of participants and increase the potential for many different 

viewpoints. Five groups of five participants were interviewed in each village, with two 

sessions per group. This set-up was chosen in order to make the interviews reasonably long 

(approximately 1,5 hours each) (Silverman, 2001).  
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The first session took the form of semi structured interviews and was designed to obtain the 

participants opinions about climate (change and variation) and the vulnerable events 

(droughts and floods) they have faced during the period 1970-2003. The period investigated 

through these interviews corresponds to the available set of quantitative data. Climate, soil, 

agricultural practices and sensitivity to vulnerability were considered first priority issues in 

this investigation. The management of the surrounding environment and the interviewee’s 

perceptions of this were of secondary importance. Farmers were willing to share their 

opinions and be very explicit about their problems and vulnerability in their everyday life.   

The second session focused on discovering if farmers use coping or adaptation strategies, if 

any sort of soil and water conservation techniques are used, and why or why not.   

The two sessions were set in a way to first understand the general context of living and the 

related problems and then to see if any solutions were used to answer the vulnerabilities. 

During the two group discussions farmers were asked simple questions regarding the 

typical growing/harvesting year of the main crops they grow, i.e. tobacco, maize, rice or 

groundnuts (the crop discussed was different in every group). These questions were 

designed to help estimate the impacts of changes in rainfall pattern on cropping practices.   

Volunteers in the group were also asked to draw a village resource map. (Mary and Majule, 

2009). These maps are important to help understand the various resources available in the 

village and how people’s perception of the important features of the village varies (from an 

individual to another), revealing the dichotomy between perception and reality.  

Responses to questions during interviews were recorded and transcribed for each group. 

Language was a barrier but with the help of the interpreter the work has been much easier. 

The quantification of these questions was done in Microsoft Excel. Answers were then 

counted and statistically analysed. Interviews of the heads of the villages were carried out 

separately from the group interviews in order to gather general information and understand 

community problems at the village level.  

 

3.2.2. Key informant interviews 

Key informants were selected after every focus group discussion. The aim of these 

interviews was to discuss more directly how people with different assets and backgrounds 

deal with climate variability and vulnerability. In order to make the sample of interviewees 

relevant, the choice was made to select interviewees regarding three main criteria: gender, 

age and wealth status. This was done to characterise vulnerability and adaptation as a 

function of essential factors that influence the ability to respond to any climatic stimulus. 

Using this kind of interview allows characterising of the different choices farmers might do 

during a drought or a flood. In total, six persons were interviewed in this manner, using the 

above mentioned criteria. As with group interviews, individual interviews were recorded 

and transcribed, the quantification was done in Microsoft Excel.  
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3.2.2. Observations 

Observation was an important part of the field work. Understanding of the local conditions 

of living, ways to farm and address climate related issues was primarily investigated by 

spending time with farmers. This included; visiting fields and houses as well as the 

floodplain and Forest Reserves. Observations were recorded both in text and graphical form 

through photography. Observation also provided the general contextual setting for 

understanding the community. It is also an indispensable tool for assessing and 

characterising the state of vulnerability and adaptation on site. It also draws attention to 

both weaknesses and strengths of the community, in part through using an external point of 

view to examine different components at stake.  

 

4. Results 

 

4.1. Hydro-Climate characterisation   

4.1.1. Monthly Average Precipitation and Monthly Average Temperature 

The MAP and EMAT (see previous related sections) have been set together in a Gaussen 

diagram (Charre, 1997). By combining precipitation and temperature data, we reach a 

better understanding of the evolution of the climate over one year.  The scale for the axes 

represents the formula P=2T, the temperature line might be flattened but every month 

having a MAP situated beneath the temperature line, is considered dry.  

Firstly we see that precipitation during the year is distributed unevenly. The rainy season 

ranges from November to April, with two peaks of rainfall occurrence: one in December 

and another in March with values of around 180 mm. Rainfall decreases between these two 

peaks, with a minimum occurrence in February. By contrast, there is a long period of time 

where precipitation is very low, and nearly equal to zero, during the months of June, July 

and August. When looking at the Gaussen diagram (Figure 2), the dry months range from 

May to October. This means that the dry season averages a range of six months.  

Average temperature is fairly constant all year round with little variability. The temperature 

ranges from 22°C to 25°C throughout the year. The month of October is the hottest month, 

while July is the coolest.  
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4.1.2. Yearly Average Precipitation and Absolute Deviation from Average Precipitation 

The calculation of this parameter permitted an insight into the long-term evolution of the 

YAP. The data in Figure 3 show clearly how climate in the area is variable. Even if some 

data, particularly during the 1970s, is lacking, the variability is still visible. Interestingly, 

two climate events (drought and flood) seem to be more intense after 1992 compared to 

previous events (cf. Deviation from Average Precipitation in Figure 3). The value of the AP 

for the period is 1008 mm per year.  

The trendline for the YAP decreases slightly from the 1970s to early 2000. This pattern can 

be perceived as a tendency towards a lesser amount of precipitation per year. Principal 

climate related events occurred as follow: more than average precipitation years 1982, 

1988, 1997 and 2002; less than average precipitation years: 1975, 1991 and 1993. Other 

less than average events occurred in 1983, 1987, 1999 and 2000. These features must be 

kept in mind when assessing the vulnerability of farmers. 
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Figure 2. Climagram of the Malagarasi-Muyovosi wetlands for the period 1970-2003. 
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4.1.3. Yearly Average Temperature and Absolute Deviation from Average Temperature 

Calculation of these two parameters and the trendline associated with the YAT, are 

revealing a tendency of the YAT to increase (Figure 4). Indeed, the YAT for the year 1970 

was about 23.2°C, following an increasing pattern this value reaches 23.9°C in 2003. The 

average temperature for the period is 23.4°C.  

The coefficient of determination (R²) is 0.38, revealing that the model of linear increase is 

partially in agreement with the calculated data. Cooler years than average are: 1971, 1974, 

1975, 1986, and 1989. Warmer years than average are: 1983, 1987, 1993, 1995, and 2002.   

 

 

 

 

 

 

 

 

Figure 3. Yearly Average Precipitation and Absolute Deviation from Average Precipitation over the 

Malagarasi-Muyovosi wetlands for the period 1970-2003 
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4.1.4. Water Balance 

When looking at the water balance at first glance (Figure 5), the main feature is the 

variability in YAP and ETa. The YAP ranges from 1268.4 mm in 1982 to 625.8 mm in 

1993. This certainly, reveals one of the most important characteristic of the area: the high 

precipitation variability between years. On the other hand, the ETa has a smaller range of 

amplitude with values from 934 mm and 591.8 mm for the same years.   

When looking at the EP, it is apparent that the values are extremely variable. For example 

in 1993, the EP was 34.1 mm, this means that water for groundwater recharge and runoff 

were particularly limited. During the entire study period, the average EP was 190.4 with 

considerable variation around this value.  

Looking at the relation between P and ETa in Figure 5, it can be seen that there is not much 

extra water available (i.e. EP is small). Thus, there is not much excess water left for 

agricultural use and farmers might be vulnerable to climate related events. Trendlines for 

YAP and ETa are both slightly decreasing with a clearer change for the YAP. Knowing that 

YAP and ETa have been decreasing and highly variable within the recent past, we can ask 

what kind of variability farmers will face in the future and which response they will be able 

to make to these changes. 

 

 

Figure 4. Yearly Average Temperature and Absolute Deviation from Average Temperature over the 

Malagarasi-Muyovosi wetlands for the period 1970-2003. 
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4.2. Vulnerability and adaptation characterisation 

4.2.1. Focus Group   

Vulnerability appraisal:  

One of the most important activities within the focus group sessions was to estimate the 

vulnerability of farmers to climate related events and form an understanding of farming 

practices. People knew they were vulnerable and explained what they do to face an extreme 

climate event. An extreme climate event can be defined as a pattern of extreme weather 

persisting for some time, such as a season (Boko et al., 2007).  

Results were fairly homogenous between the groups, due mostly to the fact that farmers 

had good recollections of these types of events.  

Initially, interviewees were asked to determine the years of major climate related events 

over the period 1970-2003. According to farmers the drought years were: 1981, 1983, 

1991-1992, 1993-1994 and 1996. Floods on the other hand occurred in 1989-1990 and 

1997-1998.  

When correlating the results of the climatological data and the answers of farmers 

regarding climate related events, one can see that the years 1983, 1993 and 1994 can be 

seen as droughts. Regarding the floods the distinction is more difficult with only two major 

events: 1990 and 1997.  

Then, groups were questioned regarding the length of the rainy season in the years since 

1998. They answered that it lasts from December to April. However, before 1998, the rainy 

Figure 5. Water balance for the Malagarasi-Muyovosi wetlands for the period 1970-2003. 
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season lasted from October to May. All groups acknowledged the fact that the onset of the 

wet season changed, and that precipitation events were fewer than before (Figure 6). 

Regarding the length of the dry season, groups stated that it starts in May and ends in 

August. 80% of the groups answered that temperature has been increasing for a few years 

during the dry season (Figure 7) and all groups indicated an increase in the frequency of 

droughts.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The most important time of the year for agriculture is the month of November, when the 

crops are planted. That is why questions were asked about the planting and harvesting dates 

in the two villages, and differences were found. Usually Limbula plants and harvests earlier 

with larger crop yields. However in the two villages, 7 out of 10 groups stated that the 

harvest amounts have been decreasing over the past forty years. Most notably, the amount 

of maize harvested in Limbula was about 30 bags per hectare in the early 1980s whereas 

today the yield is merely 10 bags per hectare (see Appendix). Recently, crop varieties have 

been changing in Limbula, though this is not seen as much in Tuombe Mungu. This change 

is strongly motivated by the fact that the new types of crops have higher yield, especially 

regarding tobacco. Whereas Tuombe Mungu harvests 610 kilograms of tobacco per hectare 

Limbula harvests 800 kilograms (see Appendix). Tobacco has been increasing in quantity 

every year, due to an increase in planting quantity and increased productivity per hectare. 

By contrast, harvest amounts for other types of crops have decreased between twofold and 

fivefold (see Appendix).  

To rule out the idea that farming systems would be playing a role in the decreasing yields, it 

was essential to assess how farmers usually practise agriculture. It was found that they mix 

Figure 7. Percentage of groups acknowledging a 

decrease in precipitation events per year for the 

period 1970-2003. 

 

Figure 7. Percentage of groups acknowledging an 

increase in temperature during the dry season for 

the period 1970-2003. 
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crops (38,1%), rotate the crops one year after another on the same plot of land (28,6%), 

shift fields (23,8%) and practise agroforestry (9,5%) on an average field of two hectares. 

These practices appear to be unchanged during the study period.  

Most of the farmers experienced problems with pollution (over use of fertilisers and 

pesticides), health (general pain and pesticide intoxication), an increase in pests and crop 

diseases, lack of water during the dry season and deforestation of protected areas.  To 

confirm that agriculture is rainfed in western Tanzania, questions were asked about 

watering plants in the fields. All groups confirmed that they were not watering plants other 

than those in their kitchen gardens.  

However, water is not the sole limiting factor for crop yields, farmers are also suffering 

from pest problems in the crops, the lack of adequate tools and fertilisers to improve 

harvests and climate change which impacts on the good growth and development of crops. 

Most of the other factors are related to a lack of some necessary goods such as: seeds or 

pesticides. The lack of money is certainly the major impediment to more effective farming 

practices. This is made particularly apparent, when observing the relationship between 

farmers and tobacco cooperative. Farmers have to contract loans from the tobacco 

cooperative, in order to buy seeds and fertilisers. Afterwards, the loan needs to be paid back 

with interest. This greatly reduces their income from cash crops, and prevents them from 

being able to develop and expand their operation.   

In order to live properly despite the lack of above mentioned assets, farmers stated that the 

surrounding environment provided an adequate supply of firewood, as well as wood for 

carving and housing purposes. These can be seen as socio-ecological services, directly 

accessible in the surroundings of the villages. Every family is using these services to 

increase its resilience to climate variability and the consequences of extreme climate events 

on their livelihoods.   

When asked about climate change, 60% of the farmers indicated that they believed that 

planting trees and protecting the forest will match future climate change by attracting rains 

and providing wood. On the other hand, only half of the respondents answered that they are 

using agroforestry and, when they are it is only with acacia trees, which allow crops to get 

sunlight. One can assume that farmers do not perceive trees in the fields in the same way 

they do with the trees in the forest.    

 

Adaptation evaluation:  

During extreme climate events, farmers’ crops fail and their livelihood is mostly dependent 

on the resources drawn from the village’s surroundings. Most of the farmers gather honey 

from pre-set beehives. This solution is apparently the most common. In addition to this, 

farmers sell small quantities of vegetables that are grown in kitchen gardens. Farmers 

usually stated that they are producing charcoal from forest wood and women are making 

clay pottery which they sell at the local market. With few exceptions, the alternatives are 
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coming from the surroundings and are environmental goods (ranging from wood to 

medicinal plants and fishing).     

Farmers saw specialisation in tobacco growing as a good process to find a way out of 

climate vulnerability. However, since most of them do not know what future climate is 

going to be, they would not abandon the panel of staple crops they are already growing in 

order to face any vulnerable situation.  

When asking about future climate change; 40% of all the groups were unsure about future 

climate in the area might be likely; 40% believe it will be drier and only 20% believe it will 

be wetter (Figure 8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, staple crops production does not provide enough food to last the whole year. 35% 

of all groups are usually buying food at the local market once or twice a year, especially 

between December and February, when the food stored from the previous harvest is 

running out. Most of the farmers who took part to the group discussion have limited access 

to alternatives to their staple crops for food, as most of them did not have livestock at home 

except for a few poultry birds. These represent only a few days of survival during drought 

time.      

When asked a hypothetic question about a possible drought that would occur the following 

year, most of the groups answered that they would employ techniques such as saving food, 

planting drought resistant crops and rely on government supplies (Figure 9).  

Figure 8. Opinion of groups about the state of future climate (in percent). 
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Investigation of the panel of techniques the farmers has in agricultural practices revealed 

that most of them do not have a working knowledge of soil and water conservation 

techniques. They do not have sufficient information about any kind of techniques to 

improve their soil and water situations, and if they are practising any, it is essentially to 

fight erosion and attract rains. 75% of them use either contour ridges or watering of the 

plants in the kitchen gardens but not in the fields because it necessitates too much work.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

A few farmers regularly increase the soil fertility by spreading ashes and manure in the 

field before ploughing in with their hand hoe (Figure 10). However, knowledge about how 

to increase soil fertility seems to be limited.  

 

 

 

 

 

 

Figure 9. Strategies taken by groups in case of a possible drought during the following year  

(in percent). 
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Village resource maps drawn by the participants revealed that farmers in Tuombe Mungu 

attach a considerable importance to the location of the underground water table. Indeed, the 

water table is drawn on all three maps from this village but is not present a single time on 

the five maps from Limbula (See Appendix). This might be explained by the fact that 

Limbula is situated on the edge of the floodplain and does not really experience drastic 

water shortages during droughts. On the other hand, Tuombe Mungu seems to put more 

emphasis on pastoral areas than Limbula. This can make a difference when cattle need to 

graze during droughts, making the community less vulnerable to impacts of climate 

variability.   

 

4.2.2. Key informant interviews  

Key informant interviews were analysed in a way to focus on how farmers are vulnerable to 

certain climate related events such as droughts or floods. Six persons were interviewed in 

total (Table 1). The analysis tries to compare each of them to their gender, age or wealth 

counterpart. 

 

 

 

 

 

 

Figure 10. Techniques used to increase soil fertility (in percent). 
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Table 1. Characterisation of the participants to key interviews. 

 Gender Age Wealth Family status 
Cultivated 

fields (in 

hectares) 

Stefano Male 65 (old) Rich 
Married  

(8 children) 
11 

Kennedy Male 
42 (middle-

aged) 
Poor 

Married  

(3 children) 
3 

Sada Female 70 (old) Poor 
Widow  

(4 children) 
2 

Rehema Female 31 (young) Poor 
Divorced  

(8 children) 
2,5 

Anthony Male 82 (old) Middle 
Widower  

(1 child) 
2 

Amos Male 30 (young) Middle 
Married  

(4 children) 
5 

 

 

The first finding of these interviews was that the total area cultivated by one farmer is 

wealth, gender and age dependent. Results showed that the rich old male farmer possesses 

the largest area of fields (11 hectares). By contrast the old, poor widow has only two 

hectares of fields.   

The second finding was that the distance to the field is strongly related to the age and 

gender. Women usually go further to cultivate (between 5 and 6 kilometres) whereas men 

are closer (between 2 and 4 kilometres). This indicates that not only do men have more 

field space, but they also travel shorter distance to carry out their work.   

Thirdly, it was found that wealthy farmers are more inclined to plant a wider variety of 

crops (four varieties for the rich old farmer and only two for the poor middle aged farmer). 

This is a crucial factor when dealing with drought conditions. The greater the variety of 

crops, the less chance the farmer will suffer famine. Also, farmers with larger fields do not 

usually mix crops because they believe it reduces the total crop yield.   

Adapting to climate variability is making farmers adopt new and different techniques. 

Generally, older farmers will try to develop and focus on kitchen gardens because it does 
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not necessitate walking long distances to the fields. By contrast, younger farmers that can 

have access to the floodplain will try to develop more fields in this area, in order to 

minimise their vulnerability by increasing their total potential crop yield. The presence of a 

well in the kitchen garden largely increases the chance of success in producing staple food 

during droughts.   

One interesting point resulting from the analysis of these interviews is that widows or 

divorced mothers are more vulnerable than others according to the sample of interviewee in 

this studys. In the case of a divorced mother with eight children, who was not using 

fertilisers in her fields because she could not afford it, and she was not letting her fields go 

fallow. After a few years she noticed that she did not get as much yield, so she started 

buying some food. She had less and less money to buy seeds during the planting season, so 

she had less and less crops, with lower yields. This case clearly shows how farmers can 

enter in a vicious circle which is extremely difficult to escape. This example allows 

understanding why most female farmers stated that they had lost faith in the traditional 

ways of growing crops and were trying to improve their livelihoods with alternatives but 

with limited perspectives for the future.   

 

4.2.3. Observations 

The agricultural situation in the two villages was very similar even though Limbula has a 

wider range of strategies than Tuombe Mungu to face climate variability. The situation 

regarding agricultural practices is poor when it comes to the use of necessary materials such 

as tools, pesticides and fertilisers to cultivate the land. Also, it seems that there is a lack of 

information regarding the alternatives to different methods of farming. Seminars on 

agroforestry and soil fertility are given randomly by the tobacco cooperative and the district 

environmental office whereas a proactive participation of the authorities in developing such 

meetings and seminars would definitely lower the vulnerability of farmers to climate 

variability.   

Another general observation regarding the large room given to tobacco farming is that this 

phenomenon is apparently growing because the price of tobacco leaves per kilogram has 

been rising for the past several years. However, one can wonder why tobacco farming is 

expanding so much when it requires so many resources. It needs several months to be 

grown to maturity before it can be harvested, and the balance of ideal wet and dry periods 

are not guaranteed in this part of Tanzania. Tobacco farming have been practised since the 

1970s in western Tanzania as a way to get an income for farmers but the plant needs large 

investments (seeds, fertilisers and pesticides) and prolonged care to be successfully 

productive. Moreover, tobacco drying is carried out through the use of wood fires, which 

can lead to deforesting of the surroundings of the villages. Even if farmers are required to 

replant as many trees as they cut, the process has an undeniable impact on the environment.   
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5. Discussion 

 

5.1. Climate and hydrology variability: essential features of tropical environment  

As seen in Figure 2, the climate of western Tanzania is characterised by two distinct 

seasons. The dry season occurs from May to October while the wet season dominates the 

rest of the year peaking during the months of December and March. This climatic situation 

follows the general pattern of tropical climate found in East Africa between 0° and 10° of 

latitude where monsoons effects are very weak and where the main source of rainfall is the 

ITCZ (McGregor and Nieuwolt, 1998). This situation has been experiencing some small 

changes recently, especially in the yearly average temperature. Yearly average temperature 

has been increasing during the study period (Figure 4). Between 1970 and the end of the 

1990s, the yearly average temperature has risen approximately 0.5°C. This is similar to the 

increase of 0.5°C for all Africa during the last century (Hulme et al., 2001). Hulme, et al. 

(2001) noticed that the largest warming occurred from June to November which is the 

typical warmest period of the year. This change in the pattern of temperature during the dry 

season has also been notified numerous times by the farmers throughout the focus group 

discussions.  

A trend like this is noticeable over a long time. However, processes such as climate 

variability can be noticed on a shorter time-scale. Climate variability in tropical latitudes 

has only been understood for a few decades and the complexity of this variability is mostly 

attributed to ENSO events (Hulme et al., 2001). In fact, interannual rainfall variability in 

Africa can best be understood by the context of changes in ENSO behaviour as this is 

certainly one of the most important controlling factors of climate variability in the area 

(Hulme et al., 2001). The near decadal scale variability in ENSO events is known to occur 

over East Africa. These events are making variability higher for a period of time ranging 

between three to six seasons (Obasi, 2005; Mapande et al., 2005). Thus, this variability may 

trigger anomalies during more than one season. This influences precipitation and can turn 

dry months (i.e. July to November) to droughts and lead to an increased desertification 

(IPCC 2001, cited in Case 2006).   

Looking at the yearly average precipitation (Figure 3) for the study period, drought and 

flood years can be identified. The occurrences of these events are connected to ENSO 

anomalies. Knowing that climate variability in East Africa is likely related to ENSO events, 

one can assume that climate change would increase variability in the future. Nevertheless, 

as Moy et al. (2002) demonstrated, the number of ENSO events during the past 1,200 years 

has been decreasing in contrast to the general trend of the Holocene. Thus, it seems 

particularly difficult to estimate future climate variability in the area, but ENSO events 

might trigger an increase in the regional mean temperature and raise the chances for 

unpredictable precipitation of various duration and intensity (Hulme et al., 2001). Warm 

ENSO events (El Niño) can be characterised in Tanzanian records by wet and hot years 
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leading in the occurrence of floods in the area, e.g. 1997 (Figure 3). On the contrary, cold 

ENSO events (La Niña) are related to dry and cold years, favouring the occurrence of 

droughts, e.g.1983 (Figure 3).   

One of the most important effects of a variable climate is certainly the availability in water 

for the crops. As the water balance shows (Figure 5), most of the years during the study 

period have been experiencing limited rainfalls leading to a low amount of effective 

precipitation for runoff or recharge of the groundwater. The increase in yearly average 

temperature is also placing an additional burden on surface and underground water 

resources, regardless of whether the rainfalls are altered or not (Shemsanga et al., 2010).   

In the past this only represented an inconvenience but today it is a frequent problem for the 

farmers living in the area, making their food and livelihood security unsure from one year 

to the next. Vulnerability is even greater during January and February because these months 

are often considered as determining factors for droughts due to the reduced precipitation at 

that time of the year (Planning Commission Dar Es Salaam, 1998). The close relationship 

between precipitation, evapotranspiration and effective precipitation means a narrow 

margin for successful crop growth for the farmers, making them extremely vulnerable to 

climate volatility.  

The understanding of the local climatologic and hydrologic conditions is limited at some 

points due to a lack of data. In many cases, climatic data available was not always 

consistent and some records had gaps for multiple years. These gaps are the limiting factor 

for calculations based on a certain number of years. The water balance would have better 

accuracy if runoff data was available for the area. Still there is clearly little water available 

in this region for recharge or runoff.  

 

 

5.2. Vulnerability and adaptation: a context specific notion 

Vulnerability and adaptation are two concepts that usually come together in modern 

literature which discusses the human impacts of climate change (Eriksen et al., 2005). As 

seen before vulnerability often results from factors that have different geographical scales 

and which are interconnected (Eriksen et al., 2005).  

The study area and the villages of Tuombe-Mungu and Limbula clearly show these typical 

features of vulnerability. They have experienced numerous floods and droughts between 

1970 and 2003. Farmers are clearly aware of and attach significance to these events, 

because the years they described as floods or droughts correlated perfectly with the climate 

records for the area. The interviews revealed awareness that the wet season (in November 

and May especially) has a tendency to be shorter since 1998 according to the farmers. In 

fact, the livelihood of all villagers depending on primary resources such as agriculture or 

forest goods, are particularly vulnerable to climate change if their natural resource is 

stressed and degraded by overuse (Adger et al., 2007). This is exemplified in the two 
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villages considered in this study since there is little excess water currently available. Also, 

limited yields and variable quality of the crops have large impacts on the livelihood and 

food security of farmers and make the groups extremely vulnerable to climate changes.   

But climate vulnerability is not the only factor at work which limits prosperity for farmers. 

A clear lack of basic assets such as variety of crops, sufficient seeds, effective and 

affordable fertilisers and pesticides, and knowledge all limit resilience to climate related 

events. This results in the increase of pests and diseases, decreasing crop yields, loss of soil 

fertility, and usually a contraction of loans (with interest)  from the tobacco company. 

Moreover, as Dankelman (2002, in Adger et al., 2007) states, climate change has gender 

specific implications in terms of both vulnerability and adaptive capacity. This was 

apparent in the key informant interviews, showing that vulnerability and adaptation 

strategies are depending on the gender, age, and wealth status of the vulnerable person. 

Results of these interviews revealed that gender was one of the main criteria that 

characterise the distance to the fields. The old widow had fields further away than men 

despite the fact that she was older. Regarding the ownership of the fields, the latter is taken 

by any farmer that wants to have a bigger area to cultivate on. This marginalisation at the 

periphery of the village makes women more vulnerable to climate variability. For instance, 

if heavy rains occur for a few weeks, the access to distant fields might not be possible to 

women whereas farmers having closer fields might access them more easily and take 

advantage of the rains to get substantial crop yields.  

The large spectrum of vulnerabilities that the two villages are facing is making adaptation a 

necessary condition to face climate change. In this thesis reference has been to 

“adaptations” or “adaptation strategies” without differentiating between adaptation and 

coping strategies. As previously discussed, an adaptation strategy is an activity or habit that 

is performed every year in order to meet potential impacts on livelihoods of climate related 

events. A coping strategy is an activity or habit that is not systematically reproduced every 

year, having a short term purpose and that is not suitable for use on a continuous basis, it is 

usually a response to a shock. Knowing the difference between adaptation and coping 

strategies, one can see which type of strategy is practised in the villages. The majority of 

vulnerabilities the two villages are facing are related to making pre-emptive adaptations 

which are a necessary condition to mitigate the consequences of climate change. If one 

looks at the strategies used by the farmers, one can see that most of them are coping 

strategies that are principally made to handle a shock, such as drought. Most of the farmers 

acknowledged that they were practising honey gathering and retailing of vegetables from 

irrigated kitchen gardens during droughts. These two strategies are clearly not meant to 

provide a long-term solution to loss of livelihood during an extended extreme climate 

event. Most of the coping strategies are relying on socio-ecological services that farmers 

obtain from the surrounding environment i.e. timber and charcoal retailing, fishing or 

harvesting of medicinal plants in the forest. Adaptation strategies are practised only 
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sporadically in the villages, with no centralised organised strategy. However, a few farmers 

in the villages have chosen to grow drought resistant crops in order to reduce climate 

sensitivity. This should shift their agricultural output towards being less sensitive to water 

availability and thus reduce the need for coping strategies (Eriksen et al., 2005). In addition 

to the use of drought resistant crops, 75% of the farmers are sporadically using water 

retention techniques such as contour ridges and watering only in kitchen garden. Most 

farmers are using different types of farming systems (i.e. mixing or shifting crops) to 

counter balance the low level of conservation techniques, though only 9,5% of the farmers 

are using agroforestry as soil conservation technique mostly due to the limited awareness of 

the benefits of this technique.    

Upon closer examination of the two villages, one can see that the villages have different 

biophysical features which make them differently adaptable to extreme climate related 

events. Limbula appears to be in a privileged situation due to its location on the Zimbwe 

River’s floodplain. This advantageous situation allows the farmers access to water all year 

round, making them less vulnerable to famine during a drought. If a drought is forecasted, 

farmers are allowed to grow crops on the floodplain with permission from the village 

executive officer. Due to this, farmers cultivating rice in the floodplain are guaranteed to 

have at least some food at the end of the year. The floodplain can be seen as a safety net 

during droughts resulting from the use of an adaptation strategy (e.g. forecast) and coping 

strategy (planting on floodplain).   

However, this advantage can easily turn to a drawback when the area experiences floods as 

the fields will likely be inundated, unlike those fields at Tuombe-Mungu. Limbula is 

regarded as mbugas grasslands, and is classed as having a severe flooding profile. By 

contrast, Tuombe Mungu is regarded as a miombo woodland area, having gently undulating 

plains of low relief, and being classed as having a moderate flooding profile (Planning 

Commission Dar Es Salaam, 1998). Tuombe Mungu is located further away from the 

floodplain, at a higher elevation in the miombo woodland. This location increases its 

vulnerability to the effects of droughts compared to Limbula. However, farmers in Tuombe 

Mungu have larger pastoral areas than farmers in Limbula. This difference is certainly 

reducing the vulnerability of farmers having cattle because an increase pastoral space 

means less pressure on each unit of pastoral land. With the exception of larger pastoral 

areas in which to graze cattle, Tuombe Mungu seems to have fewer advantages regarding 

biophysical features which may reduce vulnerability to climate change and climate events 

compared to Limbula. This is mainly due to Limbula’s proximity to the floodplain. This 

difference is even noticeable in the names of the villages. In Kiswahili Tuombe Mungu 

means “Prayer to God” whereas Limbula means “Large amount of rice”.  
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5.3. Vulnerability and adaptation: future challenges 

Concerns regarding a changing climate have been expressed all over the world, resulting in 

numerous debates. Particularly heated is the debated about the accuracy of predicted 

climate scenarios for the 21
st
 century. For more than twenty years, the principal source of 

knowledge about climate change and variability has been the Intergovernmental Panel on 

Climate Change (IPCC). This leading body for the assessment of climate change is 

releasing important predictions regarding the future climate. Based on these predictions, 

scenarios of the expected climate for East Africa, Tanzania or Western Tanzania have been 

created by the IPCC and influential climatologists. An examination of future scenarios in 

East Africa and summary of relevant findings from literature have been important to 

understand the situation of farmers in Tuombe-Mungu and Limbula. However, even if 

climate models have been improved over the past few years, most of the predictions are 

broad estimations. One must not take the following data as a simple statement of future 

climate in East Africa but as a plausible scenario of what could be happening.  

All future climate change scenarios in East Africa agree that an increase in the mean annual 

temperature is likely. Warming across Africa would range from 0.2°C in low scenarios to 

0.5°C per decade in the warmest scenarios, but with lower mean values in the equatorial 

zone (Hulme et al., 2001). Using the HadRM3H RCM model with the A2 emissions 

scenario, Hudson and Jones (2002 cited in Adger et al., 2007) found an increase of 3.7°C 

(December to February) in summer mean surface air temperature and a 4°C increase in 

winter (June to August) mean surface air temperature for the 2080s.   

This warming would accompany a changing rainfall pattern which, presented in Adger, et 

al. (2007) indicates that the mean annual rainfall is very likely to increase in tropical and 

eastern Africa (+7%) according to the SRES A1B scenario. Hulme, et al. (2001) calculated 

that rainfall over tropical East Africa would increase by 5 to 30% from December to 

February and would decrease by 5 to 10% from June to August. This new pattern implies 

that less precipitation would occur during the dry months leading to possible droughts and 

increased desertification (Desanker and Magadza, 2001). Moreover, the increased 

precipitation is likely to occur as sporadic and unpredictable rainfall events which will 

increase water management problems and erosion (Case, 2006). It has been acknowledged 

that the rising level of greenhouse gases (GHG) in the future will trigger more frequent and 

more intense ENSO events (Collins, 2000 cited in Hulme et al., 2001). As Case (2006) 

notices, an increase in the frequency and intensity in ENSO events would make the region 

more vulnerable to malaria outbreaks due to the creation of numerous stagnant waterholes. 

From a biophysical point of view, large changes in ecosystems composition and function, 

because of regional climate change, would have drastic impacts on species diversity and the 

ability of farmers to use nearby environmental services to cope with climate events (Case, 

2006).   
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In summary, future climate in the region will likely be warmer, with increased rainfalls 

taking the form of intense rainstorms occurring during the summer (i.e. December-May) 

and less precipitation in the winter (i.e. June-November) with increased variability between 

the years. The water balance would become less stable in a changing climate which would 

result in more frequent situations of water stress, low level of effective precipitation and 

low groundwater recharge, impacts on the environment with high rate of 

evapotranspiration, and little precipitation resulting in long droughts, failure of crops. All 

these factors add to the burden of the villager’s vulnerability.  

 

New climatic patterns are making adaptation a necessity for farmers to be able to survive in 

such unpredictable conditions. Knowing that climate will be changing, one could ask what 

would be the present-day coping and adaptation strategies which would help farmers to 

face the future. One must consider the impacts on farming practices. The two main findings 

that McGregor and Nieuwolt (1998) indicate regards areas where rainfall is likely to 

increase; soil erosion and nutrient leaching. These factors will determine agricultural 

production. The lack of investment and knowledge that farmers are experiencing nowadays 

is clearly an impediment to future success of agricultural production, as their current 

problems will only be exacerbated by increase of soil erosion and nutrient leaching. One 

can only recommend filling in the present knowledge, technical and economical gaps. Even 

if farmers are using low cost methods such as ash or manure spreading, these methods are 

practised by a limited number of farmers that have been informed by attending seminars 

given by the environmental office. However, one finding from group discussions revealed 

that farmers who did not attend the seminars were not curious about these techniques and 

thought it was a waste of time and labour to practise them. Additionally, the type of crops 

each farmer will plant would have to be adaptable, resistant and diversified in order to face 

the future.   

Coping strategies would suffer much from increased rainfall variability. Current strategies 

such as honey gathering, charcoal or timber retailing, harvesting of medicinal plants are 

based on socio-ecological services and rely on the surrounding forests and environment. As 

Hely, et al. (2006 cited in Case, 2006) noticed, deciduous and semi-deciduous closed 

canopy forests maybe very sensitive to small decreases in the amount of precipitation, 

especially when plants are at the growing stage. In general, forests appear to be more 

sensitive than grasslands or savannahs. A decreasing size of forested areas due to a lack of 

precipitation or increased harvesting of woods for fuel and charcoal, would drastically limit 

farmer’s coping strategies. Alternative coping strategies which do not rely on the 

biophysical environment would be required in the future if predicted climate scenarios play 

out. As Eriksen et al (2005) recognise, most of the households relying on salary (unrelated 

to farming) or remittances tend to be less negatively affected in terms of access to food, 

school attendance or both than households relying on natural goods to cope with extreme 
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events. Techniques such as water retention, soil and water conservation, soil fertility or 

utilisation of various farming systems will have to be improved for adaptation to be 

successful. A holistic view of the keys to face climate variability is required to increase the 

chance of success in the future. An increased number of seminars and demonstrations on 

how to use simple techniques such as agroforestry, increase of soil fertility (ploughing in of 

grass) or water retention techniques (e.g. contour ridges) would definitely improve farmers 

resilience to climate variability and raise the chance for  secured livelihoods. People need a 

better assimilation of the strategies to better manage climate variability (Eriksen et al., 

2005). When looking at the above mentioned estimation of adaptation or coping strategies’ 

viability, one must realise that the aim of the assessment is to give a general perspective to 

the currently used techniques in the villages, in regard to possible changing future climate 

scenarios. The main goal of the assessment is not to give recommendations or mitigation 

solutions but one can imagine a good starting point would be to increase the variety of 

crops which could better resist dry spells and heavy rainfalls but also use water retention 

techniques that impound runoff such as sand dams. A good repartition and an increased 

number of cassava stems could also naturally increase soil fertility through the release of 

nitrogen in the topsoil. Nevertheless, the main problem for farmers to develop a prosperous 

activity is the lack of money, though the development of microfinance loans would 

fundamentally increase their resilience to climate variability by increasing their panel of 

adaptation strategies.    
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6. Conclusions 

 
Climate change and variability in western Tanzania has a strong influence on the livelihood 

of farmers. This vulnerable situation is the clear result of interaction between climatic, 

biophysical, social, economic and informational processes that take place at different 

geographical scales. At the local level the main source of income for village dwellers is 

agriculture which is highly sensitive to climate variability. During the 30 years study period 

numerous droughts and floods occurred, putting farmers’ livelihoods at risk. Calculation of 

the regional water balance revealed that most of the rainfall was returning to the 

atmosphere through evapotranspiration and only a very small amount of water was 

available as runoff and for groundwater recharge. This water scarcity and the high 

sensitivity of farming systems to climate variability make it essential for farmers to adapt to 

their current situation. This usually manifest as the use of coping strategies which are meant 

to handle a shock (drought or flood), and which are not viable in the long run. By contrast, 

adaptation strategies used by farmers are less numerous and practised only sporadically but 

are nonetheless useful tools to mitigate vulnerability.   

Future climate change is threatening agricultural systems through an increasing 

unpredictability of precipitation and a severe increase in mean temperature. This new 

climatic situation would likely reduce the available range of coping strategies that farmers 

have at their disposal in particular those associated with forest socio ecological services. 

Following this, adaptation strategies would have to be practised at a broader scale and fully 

understood if they are to successfully make people less vulnerable to future change. In 

order, to fully comprehend the complexity of the vulnerability taking place in the two 

villages, further work would be needed, and a particular focus on the impacts of climate 

variability on groundwater recharge and hydrological responses to changes in precipitation 

regime would be valuable. Additionally, further work regarding different methods to 

implement adaptation strategies in the future are a prerequisite to ensure a secure future for 

the people of the Malagarasi-Muyovosi wetlands.    
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Appendix 

Table 1. Past and present planting time, harvesting time and harvesting amounts in the 

villages of Tuombe-Mungu and Limbula. 

 

Tuombe 
Mungu 

Tobacco Rice Maize Groundnuts 

Planting time 
(Past) 

November November November November 

Planting time 
(Present) 

When it starts 
raining 

November January November 

     

Harvesting time 
(Past) 

July April May February 

Harvesting time 
(Present) 

July May June March 

     

Harvesting 
amounts/hct 

(Past) 
- - 15 to 20 bags 20 bags 

Harvesting 
amounts/hct 

(Present) 
610 kg - 7 to 10 bags 10 to 15 bags 

 

Limbula Tobacco Rice Maize Groundnuts 

Planting time 
(Past) 

November 
 

November November November 

Planting time 
(Present) 

When it starts 
raining 

December 
When it starts 

raining 
November 

     

Harvesting time 
(Past) 

April June February March 

Harvesting time 
(Present) 

May June February March 

     

Harvesting 
amounts/hct 

(Past) 
300 kg 30 bags 30 bags 10 to 15 bags 

Harvesting 
amounts/hct 

(Present) 
800 kg 6 bags 20 bags 2 bags 
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    Limbula 

Figure 1. Village Resource Maps drawn by farmers.   
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Figure 2. Mixing crops. Maize and beans.  
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   Figure 3. Fertilisation of maize. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Rice paddy in the mbugas. 
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       Figure 5. Floodplain. 

 

 

 

 

 

 

 

 

 

 

 

 

          Figure 6. Miombo woodlands. 
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        Figure 7. Tobacco field. 

 

 

 

 

 

 

 

 

 

 

 

 

       Figure 8. Damages of pests on tobacco leaves. 
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            Figure 9. Pre-set beehives in the surroundings of the villages.  
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