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ABSTRACT
The current problems in the world are the variation in rainfall, shortage of feeds and water, incidence of disease and the increase in temperature; these are come about due to climate change. So the objective of this research study is the impact of climate change on indigenous milk producing cattle among agro pastoralist and their coping strategies in Tabora District. Both quantitative and qualitative data collection method were used when engaging with agro pastoralist household, government officials such as. Secondary data were obtained from existing statistical sources, library and documentation centre and from governmental agencies (e.g. TMA) rainfall and temperature records.  Primary data collection was undertaken through structured questionnaire, Focus group discussion and Face to face interview. Data collected include rainfall and temperature data (annual), the opinion on increase and decrease of temperature and their adaptive strategies mechanism. The result show that agro pastoralist perception (64%) indicates that there are agreed that climate change had happen and continue to occur. Most of them (36%) claim that there are increases of temperature.  However (60%) of the agro pastoralist learns about climate change through radio programme and only (8%) from Television programme (TV). Furthermore, the majority of respondent (74.4%) agreed that rainfall has decreased in amount and its timing has become unpredictable. In Tabora District shows the decline of rainfall of (61%) which has occurred in long rain (March to May) and in short rain it shows the Decline in Rainfall of (71%). Hence, a rainfall trend in Tabora District is differentiating by Negative trends.
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CHAPTER ONE

INTRODUCTION

1.1      General Background

Dairy cattle production is Tanzania’s most important agricultural sub-sector, with 36% farm households involved in cattle rearing, 1% as pure cattle farmers and 35% as cattle-crop mixed farmers or agro-pastoralists (GoT, 2007). The sub-sector accounts for 7.0% of the country's Gross Domestic Product (GDP) and is growing at a rate of 2.6% per year (Engida, et al., 2015). Globally, the human population is likely to reach 9.6 billion by 2050 (UN, 2015). 
However, as the international standard of living rises, there is a growing demand for cattle products, which provide 17% of total carbohydrate (kilocalories) and 33% of global protein consumption (Msafiri et al 2015). Nevertheless, (Ringo et al., 2018) urged that the increase in population number do not match with production of milk and meat (beef). Several factors have been, pointed out to contribute to the low productivity of milk such as infrastructure, technology, skill labour and climate change. The Intergovernmental Panel on climate changes (IPCC, 2013), define climate change as the statistics of weather over a long period. 
According to the World Meteorological Organization (WMO) proposed period of 30 years and measured by assessing the variation in temperature, humidity, atmospheric pressure, wind and precipitation (IPCC, 2013). However, IPCC (2013) urged that human activity is the dominant cause of climate change through emission of greenhouse gas, carbon dioxide, methane and nitrous oxide. Climate change as evidence of an increase of mean terrestrial temperature, an increase of mean sea temperature, increase or decrease of precipitation, glacier meltdown, sea-level increase, frequent flood, and drought. It is estimated that worldwide, precipitation has decreased by about 1 % and the earth temperature is increasing by an average of 0.3 – 0.7 0C since 1900, hence, it is predicted that by the end of the 21stcentury, it will increase by 1.1 - 5.8 0C which is expected to change the hydrological cycle (IPCC, 2013). This may result from natural factors such as sun’s intensity or slow changes in the Earth’s orbit around the sun (external forces to the earth). Sometime may be a natural processes within the system (e.g. change in ocean circulation) - processes internal to the earth. 
Indigenous milk producing cattle (Zebu) is African cattle breed, characterized with unique morphological features which distinguishes this breed from other cattle such as small body in size, with a raised hump with longhorns, others are hump less with shorthorns, well developed dewlap situated at underside of the neck region and very thick skin (Okeyo, 2015). Found all across the African continent influenced by selective breeding, owner’s preferences and natural selection that enable to adapt to the agro - environment condition (Otten, 2011). Mumbi et al., (2015) urges that these are more adapted to local environmental condition, such as high temperature, long period of drought, and resistance to vector- borne diseases such as trypanosomiasis. 
Also they are intended for meat production, for oxen power (bulls) supply in agriculture activities (Semzuge et al., 2015), household food security, employment opportunity, source of income  (Emmanuel et al., 2011) and production of natural manure used in plants cultivation (Msafiri et al., 2015). Meanwhile, cattle production contributes to 14.5% of global greenhouse gas (GHG) emissions, driving further climate change (Melisa et al., 2017). The agro-pastoral community is a farming production system where crop and animal production are involved. According to Swift et al., (2015), agro-pastoral communities are livestock rearing obtaining more than 25% but less than 50% of their gross income from livestock on communal grazing land and more than 50% from cropping activities (Adhikari et al., 2015). 
In Tanzania, agro-pastoralists keep about 50% of the cattle population; own 31 millions of cattle (Sewando et al., 2016). Extreme drought is due to an increase of mean global surface temperature, a rise of ocean temperature by 0.76 0C from 2001 - 2005 that affect the growth of forage and pasture that lead to scarcity of feeds for cattle hence low production of milk (Alfonso, 2014). Tanzania is experiencing greater weather extremes including an increase in temperature and change in rainfall pattern, which result into shortage of water due to recurrent drought (Swai et al., 2015). 
Tabora region experiences a warm climate condition with a mean annual temperature ranging from 22 0C - 26 0C, where the highest temperature is in October to December before the start of the rainy season. The average annual rainfall is between 800mm - 1000mm, the relative humidity ranges from 25 – to 65% (TMA, 2018).
1.2      Statement of the Problem 

Tanzania is the second (2nd) largest in terms of cattle herd in Africa, (after Ethiopia) estimated to have 31 million cattle population, of which 99% of these cattle are indigenous breed (URT, 2018).  Despite the huge number of cattle, the country has not fully optimized the potential of this dairy cattle sector. The production of milk is still low while the demand for milk for human consumption is approximately 4.7 billion liters per year, but the production is only 2.7 billion liters of milk per year. The dairy sector contributes only 7.0% of GDP, which is very little to economic growth (NBS, 2019). The sector is facing so many challenges that lead to low productivity such as diseases, feeds availability and shortage of water (Mwandosya et al., 2019). 
Regardless of the widespread scientific debate, concerning the impact of climate change but most of the agro-pastoralist community knows very little about it. Therefore, imperative to both government of Tanzania, stakeholder, and NGO’s has to ensure that the public is sensitized on issue related to climate change, starting from the grass roots to the apex level, employing different sources of dissemination.
1.3      Objectives
1.3.1   General Objective

The general objective of this study is to assess the impact of climate change on indigenous milk producing cattle among the agro-pastoral community in Tabora District. Tanzania.
1.3.2    Specific Objectives

(i) To examine rainfall variation from 1991 to 2021 in the study area 
(ii) To evaluate the impact of temperature change on milk production in the study area
(iii) To determine strategies adaptive to agro- pastoralist, in response to climate change in the study area.
1.4      Research Questions

(i) What is the rainfall variation in the study area? 
(ii) What are the impacts of temperature change on milk production?

(iii) What are the strategies that would be adaptive to agro pastoralist?

1.5      Research Gap
Climate change occur everywhere in the world with underlying climatic impacts, but can also trigger secondary stresses such as emergence of diseases, decreased water resource resulting to competition for water resources, human and species migration and biodiversity losses (Msafiri et al., 2015). There is lack of detailed documentation and adequate knowledge and awareness concerning the impact of climate change to the among agro pastoralist.
In addition, the climatic changes have led to the emergence of large-scale climatic hazards such as loss of pasture, water shortage and global emergence of infectious diseases (Swai et al., 2015). Similarly, the indigenous cattle breeds is more dependent on climate factors, several studies have recognized the effect of climate change on water shortage and loss of grazing pasture that affect dairy production (Shemsanga et al., 2010; Engida et al., 2013). Therefore, this study is going to address the climate change, by providing education on issue of climate change, its causes and the way to adapt its impact in order to sustain milk production to indigenous cattle.
CHAPTER TWO

LITERATURE REVIEW

2.1       Rainfall Characteristics/Variations
2.1.1    Amount of Rainfall

East Africa monsoon, El-Niño Southern Oscillation (ENSO) and Westerlies of Congo, tropical cyclones, drive rainfall variations and inter-Tropical convergence zone. Due to these wind movements, some areas experience single or double leading to unimodal area that receive one rainfall season and bimodal which get two-rainfall seasons, respectively. 
Tabora region is a bimodal area that receive short rainfall season (known as Vuli), which starts in October and continue up to December, and then followed by dry spell period, which is from January to February. The long rain season (known as Masika) starts between March and May each year (TMA, 2019). Seasonal rainfall variation has direct and indirect effects on pasture growth (Msafiri et al., 2015). In Tanzania, the mean annual rainfall varies from 500 to 2,500 millimeter and above in highland areas. In Tabora, the mean annual rainfall varies from 800 to 1,400 millimeter (TMA, 2019)  
2.1.2    Rainfall Season in the Study Area
The climate of Tanzania varies with geographical locations, altitude, relief and vegetation covers. Our country experience tropical types of climate where it is hot warmth and humid during the daytime, Tanzania normally experiences two types of rain seasons, which is long rains season (masika), starting from March to May (MAM) and short rains (vuli) starting between Octobers to November each year. 
2.1.3   Rainfall Regimes

Rainfall in Tanzania is of two rainfall regimes, which are bimodal rainfall and unimodal rainfall. Bimodal rainfall pattern involves the rainfall distribution within the geographical area having two-rain season. Which are mostly, comprises of the long rains (Masika) season and short rains (Vuli) season and Unimodal rainfall pattern means single or one rainfall season, either long rainfall season nor short rainfall season. In Tanzania, the Northern coast and Zanzibar, North Eastern highlands and lake Victoria basin have two rainy season with long rains start between March and May (MAM) and short rains between October and December (OND).
2.1.4   Onset and Cessation of Rainfall

Onset includes the possible start of rainfall in a year, whereas the cessation is a period that is characterized by the end of rainfall in a year, this also means the scanty few days of rainfall, which may occasionally occur, can describe the onset of rainfall (Msafiri et al., 2015). In Tabora district usually the long rains (Masika) start mid- March and end in early May.  Short rains start from November to December. There is usually a long dry spell towards January and February every year. 

2.2      Temperature Change

Climate change influences the increase or decrease in temperature. High temperature increases respiratory diseases and severely depresses feed intake of indigenous milk producing cattle.  Nkenwa, (2009) urged that high temperature found at Kibaha was one of the factors that contribute to High temperature increases respiratory diseases and severely depresses feed intake of indigenous milk producing cattle which lead to low production. In addition, certain insect species such as the tsetse fly require a certain amount of temperature to survive. In Iringa and Mbeya, high temperature favours the survival rate of tick and tick-borne diseases, which affect the dairy cattle production in the southern zone (Kambarage et al., 2015). A temperature of more than 28%, mostly favors the growth of micro and macro organisms such as bacteria, which cause diseases to dairy cattle such like as mastitis (Radostit et al,, 2015). 
2.3     Milk Production Performance

2.3.1  Impact of Temperature Change on Indigenous Breed on Milk Production
The breed of the dairy animal affects milk production. Indigenous breed tolerate in harsh and warm climatic conditions (Msanga et al., 2010). Africa is the most vulnerable place on the world in terms of climatic change impacts. The climate of Africa is warmer than it was 100 years ago (Gezu et al., 2018). It already causes negative impacts to rain-fed agriculture and livestock system (dairy cattle being among them). Rainfall is likely to decline in Southern Africa and at the horn of Africa by 10% and but it will rise by up to 16% in the Sahel (Moges et al., 2018). The Somali lands in 2017 - 2021 were, affected by persistent climate change, which involved more than 4.3 million cattle suffering from a shortage of water and pasture feeds (Dhaysane, 2022). These adverse impacts will cause stress, threatened habitat, ecosystems and species in Africa, and are likely to trigger species migration leading to habitat reduction. 
In East Africa, the region is more prone to floods and drought that affect forage, feeds and water availability to the dairy cattle resulting to low milk production (Msafiri et al., 2015).

2.3.2   Impact of Temperature Change on Milk Production
Tanzania also experiences climate change that causes an adverse effect in all sectors of the economy, including dairy cattle production (URT, 2010). According to the climate model for Tanzania by, TMA (2018), it estimated that the country’s temperature will rise by 3 – 5 oC in 2075 and rainfall will decrease by 2.8 mm per month or by 3.3% per decade countrywide. 
Temperature, wind pattern, drought and rainfall variability play a major role in influencing the incidence and spread of infectious diseases (Fereja, 2016). Climate change adjustment involves the actions aimed at coping with climatic changes that cannot avoid but focus on reducing its negative effects. Modification measures include the prevention, tolerance or sharing of losses, changes in land use or activities, changes of location and restoration (Msafiri et al., 2015).
2.3.3   Effect of Climatic Season on Milk Yield
Rainy season is important in milk production. The growth of pasture feeds are largely, contributed by the availability of water and temperature. Hot climate reduces milk production indirectly and directly through its effect on feed intake (Msafiri et al., 2015). High temperature increases respiratory rate and severely depresses feed intake and reduces milk production. 
High milk yield observed to be higher during rainy season due to availability of green pasture, which is rich in protein and vitamins contents (Sangeda et al., 2015). In rainy season, water for drinking are available around hence minimize time for walking to search for pasture and water.
2.4     Effect of Climate Change on Diseases in Indigenous Milk Producing Cattle
2.4.1  Diseases

Dairy cattle production is highly affected by various diseases such as tick-borne disease, which infects about 80% of cattle with estimated economic losses of around US $ 248 million (Karimuribo et al., 2017). The most important diseases are theileriosis (East Coast Fever), babesiosis, Mastitis, anaplasmosis and cowdriosis (heart water) which causes a high mortality rate in dairy cattle (Chenyembuga et al., 2018). The outbreak of Rift valley fever in 2006/07 caused abortion in pregnant dairy cattle, mortality of nearly 100% in young heifers resulting to reduced cattle populations (OIE, 2013). About 78% of livestock diseases are infectious, of which 85% of these diseases are frequently, transmitted by anthropoid vectors (OIE, 2013).  
The impact of climate change on cattle disease will depend most on biological development of the pathogen that allows the favorable situation to persist and prolong the survival and development rate (Rodriguez, 2012). However, some of diseases of importance to dairy industry include mastitis, East coast Fever (ECF), anaplasmosis and babesiosis

2.4.1.1 Mastitis

Mastitis is an inflammatory reaction of the mammary gland caused by bacterial infection or tissue trauma. It is the most common and economically costly diseases in dairy sector (OIE, 2015). It is a multifactorial disease, affected by wet and rainy season. During rainy season the transmission and distribution of disease pathogen, are due to water runoff that increases multiplication and spread of bacterial microorganisms (Radostitis et al., 2010).
2.4.1.2 East Coast Fever (ECF)

East Coast Fever (ECF) is a protozoan disease that affects cattle of all age. The causative agent is Theileria parva, transmitted by the vector ticks. These emergence diseases occur most during rainy season, temperate and humid condition that favor the laying of eggs and hatchability. The growth rate of ticks improves during rainy seasons, since their skin coat prefers most and warmer conditions. 
In addition, ticks tend to feed more intensely during the rainfall season, because the host’s body becomes moist and hence favoring their attachment (Mashingo, et al., 2015). In a study done in Iringa (Kitaly, 2013), it was reported that the rate of ECF emergence in dairy cattle during rainfall was 25% and in traditional cattle was 15% respectively. In addition, Ndowendo et al., (2013) urged that the rate of spread of infection disease in dairy cattle was high during rainfall season in central zone Dodoma and Singida. 

2.4.1.3 Typanosomosis (Trips)

Trypanosomiasis is a zoonotic protozoan disease that infects cattle and other animals (OIE, 2015). The disease is transmitting through the blood-sucking insect vector tsetse fly, Glossina spp (Radostitis et al., 2000). These vectors incubate the pathogen (trypanosomes parasite) that causes disease in cattle, popularly known as Animal African Trypanosomiasis (AAT) or Nagana (OIE, 2015). In Africa and sub-Saharan countries, it causes economic loss of about $ 4.75 billion USD per year, due to low productivity of milk and death of cattle. In Tanzania, tsetse fly dominates more than 33% of the mainland area (Juan et al., 2015). Climate change such as rainfall variation, temperate, and humidity favors the growth of the adult to lay eggs which when hatched, increases their population (Radostitis et al., 2000). Moreover, wind and drought are the factors that contribute to their abundance and ability to spread over a large area (OIE, 2015). However, Kaare et al., (2007), suggested that the prevalence of nearly 6 - 10% of cattle population in Serengeti district were infected by typanosomiasis disease due to an increased number of tsetse fly as the rainfall, temperature and wind pattern persists.

2.4.1.4 Foot and Mouth Disease (FMD)

Foot and Mouth Disease (FMD) occur in cattle of all ages (OIE, 2015). The disease affects the mouth region and the foot or leg on the hoof part causing difficult in locomotion and feeds swallowing. It caused by pathogen viruses, which can infect cattle during onset of rainfall (Radostitis et al., 2000; FAO, 2015). Variations in rainfall pattern favor the survival rate and the transmission of the microbes. Mode of disease transmission is through direct contact of mucus, saliva or any fluid material coming from infected cattle or wildlife animal (Radostitis et al., 2000). Sometimes the disease can occur in cold and moist environment that accelerates the spread of the infection (IPCC, 2017). The only treatment is through caring of the sick cattle through dressing of wound in the mouth and in the hoof part. Control measures involve quarantine and mass vaccination of cattle, which is the most effective than treatment. The disease is therefore of veterinary importance in dairy sector. In Iringa region, between 60 - 78% of dairy cattle keepers know the disease since clinical lesions of the wound in the mouth and in the hoof are vivid (Chenyembuga et al., 2015). The disease causes heavy losses in milk production since the sick animal fails to eat well due to the wound formed in the mouth (Kambarage, 2015).

2.4.1.5 Lumpy Skin Disease (LSD)

Lumpy Skin Disease (LSD) is an emerging cattle viral disease (OIE, 2015). It is endemic in most African countries and in South of Saharan (FAO, 2017). Lumpy Skin Disease Virus (LSDV) mainly transmitted through arthropods particularly blood sucking insect vectors such as ticks and tsetse fly (Kambarage, 2015).  This virus can persist at a temperature of 550C for at least 18 days and in necrotic skin nodules at humidity of 79% for 30 days. In dry condition, during drought period can remain viable for 3 to 15 days (Radostitis et al., 2006). However, FAO (2015), list some risk factors that are associated with the spread of LSD that includes a warm and humid climate, a condition that supports an abundance of vector population after seasonal rainfall. 
2.5  
Households Daily Milk Production for Indigenous Breed in Different Districts
Dairy cattle milk productions are highly sensitive to climate change, thus affecting milk production (Mtengeti et al., 2015). In Kilosa and Mvomero, Morogoro region during rainy season, milk produced were greater due to availability of pasture for grazing and water for drinking (Msafiri et al., 2015). However, in Hai, Kilimanjaro region, cattle milk productions are subjective to low yield average 2.5- 6.3 litres per day for the improved breeds due to shortage of pasture feeds in intensive production system (Mushi et al., 2015). 
Shinyanga district, where they practice extensive milk production system, the average household milk yields, during the drought period range from 0.5 - 1.0 litres of milk per day for zebu cattle (Msanga et al., 2015). Moreover, during drought period in several areas of Singida region, Manyoni and IKungi district showed decline in milk production due to shortage of pasture and drinking water for extensive grazing system (Njombe et al., 2011). 

Table 2.1: Review of Household Average Daily Milk Production per Indigenous Cow in different Districts in Tanzania
	s/n
	District
	Region
	Production system
	Breed
	Season
	Milk Production (liter/cow)
	Source

	1
	Mvomero
	Morogoro
	Agro pastoral
	Indigenous
	Dry
	3.5
	Suzan et al, 2012

	2
	Simanjiro
	Manyara
	Pastoral
	Indigenous
	Dry
	2.5
	 Mtengeti et al, 2015

	3
	Igunga
	Tabora
	Agro pastoral
	Indigenous
	Dry 
	1.5
	 Ashiraf et al, 2013

	4
	Kondoa
	Dodoma
	Agro pastoral
	Indigenous
	Dry
	1
	 Njombe et al, 2011

	5
	 Shinyanga
	 Shinyanga
	 Agro pastoral
	Indigenous
	 Dry 
	1
	 Msanga et al, 2015

	 6
	 Hai
	 Kilimanjaro
	Intensive
	Indigenous
	 Wet 
	4
	Swai et al, 2014 

	 7
	 Nzega
	 Tabora
	 Agro pastoral
	Indigenous
	 Dry 
	1.5
	 Kihupi et al, 2017


2.6     Impact of Temperature on Milk Production
There is a particular temperature zone in which dairy cattle feel comfort and able to produce at an optimal level. Dairy cattle prefer ambient temperatures ranging from 5OC up to 25OC. When environment temperatures move out of this zone, the dairy cattle begin to experience either heat stress or cold stress. Milk production; start to decline at ambient temperature 45OC to 55OC for those cattle that do not have access to shade (Yanda et al., 2015). The reductions of milk yield caused by heat stress or cold stress are due to a decrease in feed intake and more energy used for cooling their body purposes (Mtengeti et al., 2015).
2.6.1   Water Scarcity

Water shortage is the lack of sufficient available water resources to meet the demand of water usage within the area (Msafiri et al, 2015). Freshwater is a basic natural resource, which sustains life and support life for various social and economic needs (Kimario et al., 2013). Tanzania has experienced a widespread shortage in its surface and underground water in many areas (Mushi et al., 2017). The water shortage result from several factors including reduced and untimely rains, increasing multi-sectoral demands, degradation of water catchments due to overgrazing, abstraction, poor land-use practices and encroachment of land for agriculture, urbanization and industrial development (URT, 2012). 
Manyara region at Kiteto district more than 35,746 cattle died due to a shortage of water and pasture during the recent drought (Makoye, 2022). The study conducted by Fereja (2016) at Singida, Manyoni District showed that the impact of climate change and increased water users reduces nearly 65% of available water to cattle, hence leading to the migration of about 78% of agro-pastoralist households to the nearby areas to find water and pasture for their cattle.

2.7      Adaptation of Agro Pastoralist to Climate Change
The adaptation refers to the natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm or exploit beneficial opportunities (Chambwera, 2010). In addition, adaptation refers to individual daily livelihoods in response to actual extreme drought, water shortage and cattle diseases (Shaghembe, 2015). The common pastoral adaptation methods include livestock diversification, herd mobility and migration (Nandonde et al., 2013).

2.7.1  Head Culling
Dairy cattle production is a key component of food and nutrition security at household to national level; hence, the populations obtain products such as milk, eggs and meat that provide protein, vitamins and minerals like calcium, potassium and phosphorus to human beings (Rodriguez, 2012). In addition, dairy cattle production generates income; hence providing subsistence that supports the livelihood of many households and poverty eradication (Engida, et al., 2015).   
2.7.2    Reforestation
Tree planting (reforestation) is one of the adaptations used by agro-pastoralists that help to conserve the environment, provide natural air and in rainfall formation (Msafiri et al., 2015).  In Tabora, it is predictable that 33% of Miombo forestry is lost each year (Emanuel. et al, 2009). However, Mtengeti, (2016) urged that most of the agro-pastoralist at Shinyanga and Mwanza move away to another area to search for water and pasture. 
Nevertheless, 20% to 60% of agro-pastoralist uses traditional means of weather forecasting on the variation in rainfall through the uses of the cattle bull signs when digs the soil and rub its backs by soil (Msafiri et al., 2015). By cutting up trees, it means that a large amount of carbon is being, released into the atmosphere. The amount of carbon released to the atmosphere is about 15 - 25% each year (IPCC, 2017).  The effect caused by deforestation includes loss of biodiversity, greenhouse gas emissions, disruption of the water cycle, an increase of soil erosion and disruption of livelihood. 

2.7.3   Migration or Herd Mobility
More often, in the dry season, dairy cattle often travel more than 10 kilometres to search for water and when they reach the watering point, the animals tend to drink much water leading to reduce forage intake, which adversely affects performance (Mushi et al., 2017). Long-distance walking in search for pasture feeds and water increases energy expenditure and stress that adversely affect cattle health resulting to low milk production (Nandonde et al., 2017). Prolonged drought have affected grazing land and decreased water availability for cattle, drought in the northern part of Tanzania in 2006 caused the death of 143,787 cattle in the district of Loliondo, Ngorongoro, Simanjiro and Mwanga (Mashingo, 2010).

2.7.4   Pasture Establishment Farm
Tanzania is experiencing a long drought that is associated with climate change, which is causing inconsistency with supply of feed resources (Sangeda et al., 2013). In addition, Tanzania has been affected, by drought for the following years 2003, 2005, 2006, 2008, 2009, 2010 and 2011 and the floods of 2009, 2011 (URT, 2015). Seasonal fluctuations in forage resources are affecting feeding strategies (Mushi et al., 2017). During the dry season, forages have low nutritive values that delay the growth of dairy cattle resulting in poor production of milk (Nandonde et al., 2017).
2.8     Conceptual Framework

The conceptual framework of this study is going to be, guided by the following theories, 

(i)    Anthropogenic global warming (AGW) 

(ii)   Theory of induced innovation

(i)     Anthropogenic global warming (AGW) 

The anthropogenic global warning theory points out the long-term increase in the average temperature of the earth’s atmosphere as the result of an effect of human industries and agriculture (Barrette et al., 2013). Most economically developed, industrialized countries use a large amount of fossil fuel (oil, coal, natural gases) which produces a large number of greenhouse gases and in agriculture of farm crops as well as in cattle farms, rice fields and through uses of nitrogenous fertilizers and in the industries. 
In addition, a recent study by FAO, (2017), shows that 25% of global greenhouses gases are from agriculture and 16% from livestock production and industrial is between 55- 60%. The concentration of greenhouse gases in the atmosphere affect the ozone layer, causing the sunlight to reach the planet’s surface without being, filtered by the ozone layer where some of it is absorbed and some reflected out as heat into the atmosphere. Certain gases in the atmosphere that are greenhouse gases absorb the outgoing reflected or internal thermal radiation hence resulting in the Earth’s atmosphere becoming warmer than it might be (IPCC, 2017). The weakness of this theory is that it does not involve other emissions of greenhouse gasses and other climatic variables such as rainfall, wind and the impact of climate change such as drought, increase in temperature, water shortage, the emergence of cattle diseases (Smith et al., 2015). 

(ii) 
Theory of Induced Innovation
Climate change as modified by Netra and Sundar, (2004) indicated an increased cost of climate change through human activities hence emphasizing adjustment to new technology that will help to avert the effect brought by climate change. Noudeke, et al, (2017) emphasized that in Benin (West Africa), due to the continued increase of temperature that affected the cattle production, then through adjustment they breed new cattle species that were able to adjust to high temperatures. This implies that adjustment and mitigation factors enable the cattle to survive the impact of climate change (IPCC, 2017).

Moreover, this study framework involves the relationship between the independent variable, which is the climate change, that can induce rainfall seasonal variation in terms of floods and drought that may help the abundance and concentration of microbes in environmental factors: soil, air and water (Swai, 2015). Neither the dependent variable involves environmental aspects such as land coverage, vegetation cover, surface moisture and soil condition that play a great role in driving the universal redistribution of pathogens of cattle diseases. 
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Figure 2.1: Conceptual Framework to understand the relationship between independent and dependent variable on the impact of climate change on milk production in cattle as Adopted and Modified from Barrett, and Armelagos, (2013)
CHAPTER THREE

RESEARCH METHODOLOGY
3.1     Description of the Study Area
3.1.1  Location of the Study Area
Tabora District is one of the seven districts in Tabora Region, others are (Nzega, Igunga, Sikonge, Uyui, Kaliua and Urambo). The district is between latitude 40 52’ and 50 9’ South and longitude 320 29’ and 330 00'. It is, bordered by Uyui district on the West, South and east, whereas in the north, it surrounded by Sikonge District. It has an area of 1,092 square kilometers (Km2). 
The district is subdivided into two divisions, 25 wards (12 rural and 13 urban). The urban wards are, divided into 118 streets and the rural ward planned into 30 villages with 116 hamlets (Tabora Profile, 2018). Tabora district has been, selected because during livestock census of 2007/08, 2011/12 Tabora region was amongst the best three regions to have large population of cattle. Out of 30.5 million cattle population countrywide, Tabora is leading by contributing (8.7%) and other regions are Mwanza (7.9%) and Manyara (7.2%) of the total population (NBS, 2019). 
In cattle milk production, Tabora contributes 7.2%, 8.3%, 9.5% out of 2.5, 2.6 and 3.3 billion liters of milk-produced in the country for the year 2015, 2016 and 2017 respectively (NBS, 2018). Nevertheless, out of the total milk produced in Tabora region, 95% comes from the indigenous milk-producing cattle (Tabora Master Plan, 2019). 
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Figure 3.1: A Map of Tabora District showing the Study Area
Source: https://www.google.com/maps/@-5.66667, 33.16667, 7z
3.1.2   Human Population

The total population is about 226,999 of which females are 115,638 (51%), Males 111, 361 (49.9) and rural population is 66,391 (29.3%) and urban population is 160,608 (70.7%) of total district population. The rate of population increase is 2.36 per year, with a household’s population of 69,590 and household size 4.7. Urban areas tend to have smaller household size than rural areas (PHC, 2012).

3.1.3  Study Population

The targeted population was agro-pastoral households, Local government leaders including Ward Executive officers (WEOs), Village Executive officers (VEOs), District Livestock officers, Officer from Zonal veterinary Centre (ZVC), officer from Tanzania Veterinary Laboratory Agency (TVLA) and officers of Tanzania Meteorological Agency (TMA), Tabora Regional Centre.
3.3      Research Design

In this study, a descriptive research design was used as it allows the collection of data at one time and analyzing the data through descriptive statistics, the average, mean, median, mode and standard deviations were computed (Kothari, 2010).
3.4     Sample Size

The sampling units were agro pastoralist households, local government officers and Tanzania Meteorological Agency officers (TMA), Tabora Centre (Kothari, 2010).
3.4.1   Sample Size for Questionnaire Survey

Sample size from each village were calculated by using the formula n = N/P adopted from Kothari, (2010) 

Where 

n = sample size, 

N = Number of population within a sample 

P = Total number of population within the area 

For example,
Household for Ntalikwa village sample size is 40 (n). Number of household within a sample (N) =2, 367. Total number of household within the area (P) = 7,968

Therefore 135*2,367/7,968 = 40
Table 3.1: Summary of the Sample Size for Questionnaire Survey in Study Area

	S/N
	Village
	Required
	Observed
	Percentage (%)

	1
	Ntalikwa
	40
	35
	87.5

	2
	Kalunde
	22
	20
	90.9

	3
	Ndevelwa
	50
	50
	100

	4
	Uyui
	23
	20
	86.9

	
	Total
	135
	125
	91.3


Source: Field Data, (2023)
3.4.3   Sample Size for Focus Group Discussion (FGD) in the Study Area
In Focus group discussion, we use stratified random sampling, where we divide the agro pastoralist population in to groups depending to the year of stay or residence, hence in each group we select 6 household. For that reason, we select 96 individuals, selected to participate in the discussion session randomly from the population of agro pastoralist within each village. We invite them by write to them a letter through their village leader. However, during the time of the session only 70, agro pastoralist participated in the discussion as shown in the table 3.2.
Table 3.2: Summary of the Sample Size Focus Group Discussion (FGD) in Study Area
	S/N
	Village
	Required
	Observed
	Percentage (%)

	1
	Ntalikwa
	24
	16
	66.7

	2
	Kalunde
	24
	18
	75

	3
	Ndevelwa
	24
	16
	66.7

	4
	Uyui
	24
	20
	83.8

	 
	Total
	96
	70
	73.05


Source: Field Survey, (2023)
3.5       Sampling Technique
This study involved systematic, random and purposive sampling, to collect appropriate information from agro-pastoralists, local government leaders, District Agriculture and livestock officer (DALDO) and weather station individual from TMA, Tabora Centre in the region.
3.5.1    Systematic Sampling

Tabora District has 25 wards (12 rural and 13 urban), and based on the criteria of average households, systematic sampling were used to select wards that have high average households. We arranged the ward from number one up to 25, selected award after 10thterm; hence, yielded two (2) wards.
3.5.2  Random Sampling

In each ward, two (2) villages were select randomly, hence in each village agro pastoralist were selected based on the number of cattle kept, taking into consideration duration of stay within the area. The populations of agro pastoralists were collected from the village population register.
3.5.3  Purposive Sampling

Purposive samplings are preferred to obtain the key informants such as Local government leaders (Village and ward), District Agriculture and livestock officers (DALDO) and Weather station officers from TMA. Moreover, 10 elders were select purposively; sampled to provide some information concerning climate change, water shortage, drought period and its effects on production (Kothari, 2004).
3.6      Method of Data Collection
3.6.1  Personal Observation Method

During the field survey, the researcher observed the health status, management practices, presence of vector anthropoids (ticks, tsetse fly and other flies), and climate factor such as rainfall, increase or decrease of temperature, drought, cattle feeds statuses such as the presence of pasture, water sources such as wetlands. Observation methods were (structured or systematic) using a prepared checklist of the predetermined parameters that were, ranked by assigning the number. Structured observation-collecting data using specific variables and according to pre-defined schedule as in Appendices.
3.6.2    Questionnaire Survey
Household questionnaire
Stratified random samplings were, the population of agro pastoralist arrange in group based to time of stay and sex or gender, hence used to collect data from 135 respondents of two (2) wards and in each ward; two villages were randomly, selected agro pastoralist for questionnaire survey. At least four (4) villages’ means (pastoral village) were, surveyed under the assistance of Village Executive Office (VEO). Those selected receive an invitation notes to attend the meeting 7 days before, and the letter expressed the date, time and the place. 
On the commencement of the meeting day, participants were, alerted through mobile phone or theirs neighbors and through their livestock community organization leaders (vyama vya wafugaji). Each agro pastoralist household received an invitation notes. A participant fills the questionnaires. Then 125-questionnaire form had filled, then after data cleaning and removing two of them because of incompleteness, thus giving a 92.6% of the expected response. 
The set of questions were prepared (In Swahili and English version) to collect information in the households only for those keeping cattle as in (Appendix I). The types of questions are close-ended type, agro-pastoralist responded by selecting an answer from a fixed list of replies by choosing any one of the multiple options given (Kothari, 2010).
3.6.3   Disease Ranking Method
Agro-pastoralists were, asked to list the diseases that mostly affected their indigenous cattle for a period of 1 to 2 years and the season in which such diseases occurred. Since some pastoralists used the local disease names or clinical sign to identify the name of the disease, the researcher had to recognize and name it accordingly. This was, made simple by the fact that the District Veterinary Officer (DVO) and the disease data from ZVC-Tabora were available during questionnaire survey. In addition, information on the types of the affected animals, the number affected within the flock, cases, death number, sex and age of the animal were also, recorded.

3.6.4   Focus Group Discussions
Focus group discussions consisted of six -eight individuals, who keeps cattle in each village based on gender and age. Hence, each ward, two (2) groups, means two in each village, 128. Targeted agro-pastoralists were, randomly sorted using the ward or village registry, and received the invitation letters in advance of the group’s meetings; targeted populations were agro-pastoralist (Kothari, 2010). Out of 128 invited, 70 (54.7%) agro pastoralists responded and participated in the discussion. A well-trained facilitator or moderator participated taking notes in each group involved in the discussion. The checklists were prepared to facilitate discussion as in (Appendix IV) to guide the discussion. The main method of data collection was through tape recording and note taking.
3.6.5 Key Informant Interview 

Key informants people interviewed include village and ward leaders (VEO & WEO), District veterinary officer (DVO), and Zonal veterinary officer (ZVC), Officer from Tanzania meteorological (TMA). The interviews schedule was prepared to suit the required information.
Table 3.3: Summary of the Key Informants Participate in Study
	S/N
	Respondent
	Required
	Observed
	Percentage

	1
	Village Officer
	8
	8
	100

	2
	Ward officer
	4
	4
	100

	3
	TMA officer
	1
	1
	100

	4
	District veterinary officer
	1
	1
	100

	5
	Zonal veterinary officer
	1
	1
	100


Source:  Field Data, (2023)
3.6.6   Pretest of Data Collection Tool

In order to obtain the reliable and validity data, we test the tool that is going to be use in data collection. Those tools were questionnaire, interview schedule and checklist. Most of the ambiguous, incorrect spelling, meaningless sentences were omitted to ensure that the intended information according to the objectives are held. One ward of Misha selected and in that ward, two villages (Mtakuja and Mbiliwili) selected randomly. Then 10-agro pastoralist were selected randomly and 2-village leader to participate, we call them through letter through village chairperson. 
3.7     Data Collection

3.7.1  Data

Data used in this study are monthly rainfall and mean monthly temperature from Tabora meteorological station. 
3.7.1.2 Rainfall Data

The rainfall data used in this research study are monthly rainfall totals (annual) as representative of various climatic rainfalls for the Tabora district. The rainfall data cover the period of 30 years i.e. from 1991 to 2021 from the Tabora meteorological station. The monthly rainfall data were, obtained from Tanzania Meteorological Agency (TMA) headquarters located at Dar Es Saalam.
3.7.1.3 Temperature Data

The mean monthly temperature (minimal and maximal) recorded for the period of 30 years from 1991 to 2021 at Tabora meteorological stations
3.7.2 Type and Source of Data
3.7.2.1 Specific Objective One
Examine Rainfall Variation from 1991 to 2021in the Study Area
Secondary data from meteorological (TMA), Tabora Centre, the type of data were average annual rainfall recorded in Millimeters (mm) and temperature (minimum and maximum) in centigrade (oC) for the period of 30 years from 1991 to 2021 respectively. Primary data included the climate change (rainfall and temperature) trend and variation.
3.7.2.2 Specific Objective Two (2)
Evaluate the impacts of temperature change on milk production in the study area
Performance of the indigenous milk-producing cattle during adverse conditions in terms of heat stress and production and health status and some measure taken to adjust to climate change. 
3.7.2.3 Disease Ranking Method

Questionnaires to collect data from the agro pastoralists by, asking them to give a list of cattle diseases, ranking those that mostly affected their cattle for a period of 1 to 2 years. 
3.7.2.4 Specific Objective Three (3)

Determine strategies adaptive to agro- pastoralist in response to climate change 

Participants were requested to mention some strategies used during drought period where their animal feed and taking some water, their adjustments or mitigations made in terms of land use activity such as avoiding tree cuttings behavior (deforestation), how they participate in tree planting activity (reforestation) and avoid burning of bushes. 
3.8      Data Analysis Procedure
3.8.1   Specific Objective One
Examine Rainfall and Temperature Change in the Study Area
MS Excel through a Statistical Package for Social Science (SPSS) version 25 analyzed the data. Tabulated means median, standard deviation as Descriptive statistics. Result presented in percentage, charts, graphs and table.
3.8.1.1 Questionnaire Survey
Descriptive statistics were, used to review demographic data and determining mean values with standard errors of means and percentage of responses of each category. Then preparing frequency table that presented on the table, pie or bar chart
3.8.1.2 Focus Group Discussion Data
Prepared Likert Scales (Kothari, 2010) with which have several options (agree and disagree), to obtain numerical data through score and ranking, then to put in frequency table follow descriptive analysis and then present into percentage (Tobias, 2018) was used.
3.8.1.3 Disease Ranking Method

Analyzed through computer by preparing frequency table and the prevalent percentage which is Prevalence percentage = Total number of cases / Total occurrence times 100 (Kothari, 2010).
3.8.1.4 Analysis of Interview Data
Depending on the type of the data obtained from the participants, for example when interviewing a village or ward officer (VEO and WEO) if they give a population data could analyzed through descriptive statistics mean, median and mode.
3.8.2    Specific Objective Two
Evaluate the impacts of temperature change on milk production in the study area   
Descriptive statistics such as means, median and standard deviation, into percentage were used to households and cattle ability to adapt to the strategies to climate change (Kothari, 2010).
3.8.3   Specific Objective Three
Determining strategies adaptive to agro- pastoralist in response to climate change
Data were analyzed through prepare descriptive statistics and then frequency table, and percentage.

3.8.4   Temporal Distribution of Rainfall

Temporal rainfall variations were analyzed using graphical method, thus the monthly rainfall histogram that involved platting rainfall data against time. Graphical plots i.e. histogram reveal that rainfall regime over most parts of Tabora are unimodal and bimodal.
3.8.5   Trend Analysis
A trend means a long movement of a time series (Kijazi, 2015). Many methods are available to describe trend in climatologically data. These methods may be, classified into several categories, such as graphical and statistical method such as central tendency and variance. Hence, rainfall trend analyses through a graphical plot of the rainfall data series and statistical methods. Graphical method involves plotting of rainfall data against time for unimodal or bimodal region.
3.8.1.5 Relationship between Variable

Independent variable (predictor variable) is the thing that influences the dependent variable, Dependent variable (outcome) (Morgan, 2010).   Analysis is by Regression model (Kothari, 2010). Regression analysis mostly to estimate the relationship between dependent and independent variable, it predicts how dependent variable will change when one or more independent variable change (cause and effect relationship). 
The formula Y= mx + b which is Linear regression analysis (Yanda, 2011), was performed.

Where,

Y = the dependent variable of the regression equation

M = slope of the equation

X = independent variable of regression equation 

B = constant of the equation
From the formula Y= dependent variable which stand for all factor of cattle dairy lead to affect milk production and Those independent variable are climate change such as rainfall variation, temperature (increase or decrease) and wind pattern.
CHAPTER FOUR

RESULTS
4.1      Results from Questionnaire

4.1.1   Description of the Respondents

4.1.1.1 Age of the Respondents

Table 4.1 shows the characteristics of the respondents. These include age, sex, marital status, education, gender ratio and the main types of management system practice by the agro-pastoralists. The age of people involved in dairy cattle production ranged from 30 to 60 years old. Whereby the most involved were those aged between 45 - 60 years, which formed the large group of dairy cattle keepers in the study area. Many youth (less than 30 years old) were not engaged in dairy farming, and this group constituted the majority. Table 4.1 reveals the age characteristic of the agro-pastoralist. Most of the participants were aged between 30 - 45 years were 32 (25.6%), 46 - 60 (60%) and above 60 were 10.4%. The distributions of the respondents according to their age are most important in order to know which age groups are, most well informed on climate change issue and more active to participate in agro pastoral activities. 

Table 4.1:  Socio Economic and Demographic Characteristic of Respondents (n = 125)

	Variable
	Category
	Frequency
	Percentage

	Age
	<30

30 - 45
	5

32
	4

25.6

	
	46 - 60
	75
	60

	Total
	>60
	13
	10.4

	
	
	
	

	Sex
	Male
	100
	80

	
	Female
	25
	20

	Education
	No school 

Adult education

Primary School

Secondary education

Collage education

	15

5

65

35

5

125
	12

4

52

28

4
100

	
	
	
	


Source: Field Data, (2023)
4.1.1.2 Sex of the Respondents
The study shows that both male and female attending the questionnaire meeting were more than100 (80%) are males and 25 (20%) were females. Gender balance was not achieved due to inequality own family assets.
[image: image12.png]120

©

2

Female

Male

freuency

pecentage




Figure 4.1: Distribution of Agro Pastoralist Households Heads by Sex (N 125)

Source: Field Data, (2023)
4.1.1.3 Level of Education of the Agro Pastoralist Household Heads
The level of education of the respondents show that most of them had reached primary education, Completed standard seven were 65 (52%), but some agro-pastoralists did not attain School education at all were 15 (12%), while only 5 (4%) attained adult education. Moreover, those who attained Secondary school educations were 35 (28%) and 5 respondents had reached collage Educations were five (4%). Summary of this result are show in the Figure 4.2.
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Figure 4.2: The Level of Education of the Agro Pastoralist Household in the Study Area (N 125)

Source: Field Data, (2023)
4.2       Climate change in the Study Area
Some pastoralists about N 80 (64%), agreed that climate change had happened and continues to occur in the area, and it is identified by an increase of temperature, while N 45 (36%) claims that climate change is appearing with rainfall variations.  The results from the respondents survey are similar with those from TMA which shows that for the last 5years, the temperature increased by 0.025 0C, hence showing the linear increment of temperature of 0.02 - 0.05 0C in the study area. Most of the agro pastoralist learns about climate change either (12%) from Non -Governmental organizations (NGO’s), but more than 60% is from radio programmes, 8% through Television programmes and 9.6% learn from religious priest as shown in the figure 4.3 below.
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Figure 4.3: Climate Change in the Study Area
Source: Field Data, (2023)
4.3     Rainfall Variations in the Study Area
4.3.1  Rainfall Variations

The results reveal that, like temperature, rainfall was not uniform each year. It varied from time to time with several lower peaks recorded as show in the Figure 4.4 below. 
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Figure 4.4: Rainfall variation in Tabora District (2000 - 2020)

Source: TMA headquarter, (2023)
Rainfall decreases substantially for some years especially 2007, 2012 and 2020 with reading (807.0, 810.8, 800.6) respectively. Furthermore, the majority of respondent 74.4% agreed that rainfall has decreased in amount and its timing has become unpredictable.
4.2.2    Rainy Season in the Study Area
The survey shows that most of agro pastoralists 90 (72%) responds that for more than 3 recently years (2020, 2019 and 2018), there are no vuli rains, but 35 (28%) claims that the vuli rains decreased in terms of number of days where the number (72.1%) insists that it rains for not less than a month and it goes. Regarding the long rains (Masika), majority of agro pastoralist 101 (80.8%) points out that it is decreasing in terms of the number of days (months) where 87 (69.6%) says it rains for only one month. Moreover, majority of agro pastoralist N 98 (78.4%) agreed that rainfall has decreased in amount and its timing has turned out to be irregular.
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Figure 4.5: The Characteristics of Short Rains (vuli) and Long Rains Season in the Study Area

4.3.2    Temperature Variations in the Study Area 
Most of the agro pastoralists in the study area N 97 (77.6%) says that there is a continuous increase of temperature for these recent years, but others 91 (72.8%) claims that there is an increase of temperature during the day time hence affect their dairy cattle through pasture and water intake. During such times, their cattle always stay in the shade, under the tree due to hot and warmer climate as show in the Table 4.2 below.
Table 4.2: Variation of Temperature in the Study Area
	Change in temperature in the study area (n=125)
	N=125
	Percentage

	The trend of temperature form the years (1991 - 2021)
	
	

	Increasing
	91
	72.8

	Decreasing
	31
	24.8

	Do not known
	3
	2.4

	Total
	125
	100

	The status of temperature since 1991 - 2021
	
	

	Cool or cold
	31
	24.8

	Warmer
	89
	71.2

	Do not known
	05
	04

	Total
	125
	100


Source: Field Data, (2023)
The result of surface temperature from TMA for 30 years from 1991 to 2021 showed that the temperature has increased by about 0.043 0C in Tabora district. The highest peak of mean annual temperature reached is 18.4 0C and 17.9 0C in year 2005 and 2003 respectively. However, there is fluctuation of temperature within five years as demonstrated in the figure 4.6 below, which denotes the linear increment of temperature.
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Figure 4.6: The Average Temperature Trends in Tabora District (1991 - 2021)
Source: TMA headquarter, (2023)
4.4     Rainfall trends and Distribution 
Rainfall trends are the significant change in the spatial and temporal pattern of rainfall. Rainfall trends on the other words can be said to be general tendency, movement, or direction, and pattern in which rainfall takes. 
Table 4.3: Status of Rainfall Trend for the Study Area
	Long rainy season (Masika)
	43
	34.4

	Short rainy season (vuli)
	37
	29.6

	Dry season
	45
	36

	Total
	125
	100

	
	
	

	Trend of rainfall for the years 1991 - 2021
	
	

	is increasing
	23
	18.4

	decreasing
	93
	74.4

	Have stayed the same
	4
	3.2

	No changes
	3
	2.4

	Do not known
	2
	1.6

	Total
	125
	100

	Change in Short rainy season (vuli) in terms of day/months
	
	

	Rains less than a month
	89
	72

	Rains on one months
	31
	248

	Rains on two months
	2
	1.6

	Rains by three months
	3
	2.4

	Rains more than three months
	
	

	Total
	125
	100

	Change in long rainy season (masika) in terms of day/months
	
	

	Rains less than a month
	87
	69.6

	Rains on one months
	34
	27.2

	Rains on two months
	2
	1.6

	Rains by three months
	1
	0.8

	Rains more than three months
	1
	0.8

	Total
	125
	100


Source: Field Data, (2023)
In Tabora District shows the decline of rainfall of 61%, which has occurred in long rain (March to May) and in short rain it shows the Decline in Rainfall of 71%. Hence, rainfall trends in Tabora District are characterized by Negative trends.
4.5      The Impact of Climate Change on Dairy Cattle Production
4.5.1    Shortage of Water
During the assessment, survey more than N 40 (33.33%) of agro-pastoralist claimed to walk far more than 7 kilometers (Km) to search for water for home uses and for their cattle. However, N 35 (29.17%) of household responded that they walk more than 6 Km and others N 30 (25%) commented that they travel up to 5Km to search for water. 
Table 4.4: The Distance Travelled by Agro Pastoralist from their Households to Water Sources 
	Variable
	Distance covered in kilometer (Km) to walk to obtain some water (N125)

	Distance from household to water sources
	1Km
	2Km
	3Km
	4Km
	5Km
	6Km
	above 7 Km
	Total

	Frequency
	2
	3
	4
	6
	30
	35
	45
	125

	Percentage (%)
	1.7
	2.4
	3.2
	4.8
	24
	28
	36
	100


Source: Field Data, (2023)
4.5.2   Shortage of Pasture as Cattle Feeds
4.5.3   Drought Condition
Most of agro-pastoralists N 80 (66.67%) reported of experiencing a reduced amount of rainfall in their village over the last 20 years. About N 70 (58.33%) of them said, they experience the increase of temperature. However, N 80 (66.67%) showed their expectation on increase of drought that lead to severe shortage of water as well as pasture for their livestock, in their area as show in the figure 4.7 below.
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Figure 4.7: Climate Change Indicator in Study Area
4.5.5 
Rainfall Distribution within the Study Area
In rainfall distribution, most of 85% the agro pastoralist agree that rainfall season had change, where there is the variation in starting of the rainfall during the long rain (masika). In starting time of rains 58.33% comment that rains starts late in the season and 16.67% says that rains starts early in the Season and N 30 (25%) rains starts at the mid of the season and ends within the few days.
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Figure 4.8: Distribution of Rainfall n the Study Area

Source: Field Data, (2023)
4.5.6   Drought Period
The majority of agro-pastoralists N84 (66.77%) mentioned and Identified the dried off of 2 rivers due to drought; 58.33% out of N 40 of water sources has dried off; 70.83 % of wetlands have dried off; 50% of bole holes dried and 58.33% of all natural wells had, dried off due to recurrent drought. 
Table 4.5: Availability of Water Sources
	Variable
	Available
	Drying off
	Presence of water

	Presence of rivers
	2
	2
	0

	Number of water sources
	10
	7
	3

	Wetlands
	8
	6
	2

	Number of digging bole holes
	5
	3
	2

	Natural wells
	15
	9
	6


Source: Field Observation, 2023
4.5.7   Dairy Cattle Disease
In assessing the emergence of cattle diseases in relation to climate change, most of the agro-Pastoralists argued that during drought condition the following diseases disturbs their animal as Foot and mouth disease (FMD), East coast fever (ECF), Diarrhea, grass poison and parasitism that Affected large population of cattle. In addition, other respondents identified the death of calves and adult cows due to lack of pasture and water. 
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Figure 4.9: Impact of Emergence of Cattle Disease
 Source: Field data, 2023
Through observation and focus group discussion, a checklist was prepared to obtain the information as shown in the Table 4.5 below.
4.7.8 
Effect of Climatic Season on Milk Yield
During group discussion, the results show that all respondents N 125 (100%) perceived a decline in quantity of milk production per day. This was due to lack of enough pasture and water for cattle to drink. More of the respondents pointed out the association of walking long distance and milk production for cattle in search for water resources.
CHAPTER FIVE

DISCUSSION
5.1    Description of the Respondents

Many youths less than 30 years of age were not engage in dairy farming, since this age group constituted the minority in the study area. Sangaeda et al, 2013 comment that many youth engaging in motorcycle taxies (badaboda business), security guards in town centre due loss made in cattle keeping. However, Mtengeti et al., 2016 argued that many youth fail to participate in dairy farming due to climate impact that causes that brings by drought and shortage of animal feed and water. They are more worry about losses and death of animal hence fails to fulfill their dreams. 

The study revealed that majority of the respondents were male, and they were mostly involved in dairy production enterprise (Table 1). Only 24% of respondent were female. Magita et al, (2013) show that, due to drought condition and shortage of water, agro pastoralist they walk far way searching for pasture and water; hence the males used in security purpose and during warm condition the male are more harder ship than female. However, Sawka, (2012) urged that females remain in the homestead taking care of their Childs, agricultural activities and prepare some meal for the families. 
The result of the study indicate that most of the agro pastoralist 88% have attained schools, only 12% due not attained school, this result can be comparative with the TAMISEMI, 2021 that shows that 78% of Tanzania in the peri urban have access to education services. However, Ndibalema, 2013 comment those agro pastoralists are literate and skill enough to participate in the questionnaire purpose hence has more information, concern climate change within their area.

5.2      Climate Change in the Study Area
Climate change has no boundary, it happen and continue to occur everywhere (Malepo et al., 2015). In the study area, it reveals that 64% agreed that climate change continue to occur in the area by Recognized, through increase or decrease of temperature and rainfall. Similar study, done by Sangeda in Gairo and Mvomera district shows that 60.2% identify climate change as the, increase or decrease of temperature and rainfall in their respective areas. However, Msafiri et al,. 2012 shows that in Simanjiro district 69% of agro pastoralist agreed that climate change are in their areas and continue to cause effect such as drought, rainfall variation and temperature increase.
5.3 
Rainfall Variations in the Study Area
5.3.1 
Rainfall Variations

In Tanzania the effect of seasonal rainfall variation, contribute to emerging of cattle disease, increase due to change of ecological pattern favorable to morbidity and transmission to cattle (Karimuribo et al., 2007). The incidence rate increase during rainy season followed by dry season due to pastoral poor management practices and migration search for grazing pasture and drinking water (Swai, 2005). Most of the aborted material and placenta are left on the ground without buried due traditional believes hence during rainfall surface runoff, then contaminate to pasture and water in the communal grazing (Bertilla, 2016)
5.3.2 
Rainy Season in the Study Area
Several factors contribute to rainfall variation topographical differences contribute to regional rainfall variation throughout the country, elevation increases from coast to inland and highest in the southern Highlands in Iringa and Mbeya. However, elevation has a great effect on the frequency of rainfall than the amount of rainfall. Average annual rainfall distribution in Tanzania is unimodal and influenced by the movement of winds

5.3.3 
Rainy Season in the Study Area
Rainfall seasonal variation may follow lead to drought that reduce the growth of vegetation, lead to scarce of pasture resources, hence to migrate to other areas for search of pasture and drinking water that expose their cattle to contract the disease (Bett et al., 2016). In Africa continent, Nigeria, Senegal and southern Sudan, East and central Africa, there is a relationship between seasonal rainfall and occurrence of the indigenous cattle diseases like brucellosis due to socio - cultural and behavioral adaptation include livelihood practices such as increase migration pattern associate by pastoral communities (Black et al., 2017). However study by (Nahideh et al, 2016) emphasis the relationship between rainfall seasons with the availability of pasture feeds to indigenous cattle.     
5.4 
Rainfall Trends and Distribution

It estimated that 70.2 % of Tanzanians population lives in the rural where depending entirely on these agriculture, cattle keeping (TNRF, 2019). Water has mostly of multiple users, pastoralist users for agriculture, household uses and for cattle drinking during grazing in the rangeland area to produce milk and  meat which is the major source of nutrients and income generation most of agro pastoralist (Mungongo et al.., 2009). 
5.5 
Temperature Variations in the Study Area
The impact of temperature variation on indigenous cattle emphasize that for more than 30 0C feed intake will be lower (Sanga et al,. 2017). However, according to Yanda et al,. 2018 shows that high temperature will affect biological process such as digestion to take place in animal’s body. Msafiri et al 2015 comment into relationship between the temperature and the growth of the cattle disease pathogen that it allow the favorable environment to persist and prolong the survival and development rate. Pasture growth and management assist the during rainfall season, definitely, the effect of temperature variation on cattle feeds availability determine through ecology and ecosystem that lead to increase animal survival rate and its population (OIE, 2016). In study conducted in Singida, Manyoni district during the high temperature associate by increase incidence of cattle diseases due to flooding, surface water runoff lead to contaminate to pasture and drinking water (OIE, 2007). Also in Asia, India according to a study by (Ashaq et al., 2017) mention that there an increase in occurrence of cattle diseases with increase in high temperature due to more lower in cattle immunity and decreases of pasture growth due to low moisture content on the soil surface. 

5.6 
The Impact of Climate Change on Dairy Cattle Production
Pastoralists are mostly share the common valuable resources found within their surrounding areas. For a long time, have being suffer insufficient and inequitable Natural resource allocation.  In Tanzania recently, years experience rapid increase conflict between small-scale farmers and pastoralist due to improper planning and poor management of these resources. In facts, they all share the same resources through their production pattern. Pastoralist needs water and land (rangeland) for grazing of their livestock. Also small-scale farmers need water and land for cultivation of plant crop. 
Land is a key issue and valuable resources between pastoralist and farmers for their livelihood (Pierre, 2006). Majority of Tanzania population who are living in the village depend entirely on these natural resources for their social and economic purposes such as farming and grazing of their livestock’s. Rapid population increase and climatic change has put Natural resources under pressure, due to increase demand of food to feed the increasing population and raw material for industries purposes (Yanda, 2010)

5.6.1 
Shortage of Water

Water is a vital resource for daily life for all living organism. Population growth and economic development contribute to significantly increases for water demand especially to agro pastoralist communities (FAO, 2015). Due to increase human activities on the environment, pressure on the biodiversity lead to degradation of water sources lead to water shortage, increases in number of cattle contribute to resource shortage. Water as natural resources is a basic economic commodity that also shows socio – political implication and has identities of a certain community or certain people. Water as a natural resource has both use – value and exchange value. The importance of water to pastoralist and small-scale farmers is its use – value (Okello, 2018). 
5.6.2   Shortage of Pasture as Cattle Feeds

Shortage of pasture is the one that challenging the local, regional, national and global indigenous cattle production. In Tanzania conflict over resources such as land, water, pasture for grazing and forests are steadily increasing. Shortage of pasture is the one of the impacts of climate change that disturbs the agro pastoralist livelihood in the communities (Urmilla, 2018). These pasture shortage is the mostly cause social conflict to mention the few has been observed in Mkata plain, Kilosa between pastoralists and farmers, Mndegela et al., (2015). Some of this conflict causes economic losses, moral deterioration and even death to human being as in Kilosa District where thirty eight farmers died during clashes between farmers and pastoralist (Benjaminsen, 2009).  
5.6.3   Drought Condition
Tanzania as other African developing country experiencing high population growth with an accompanied increased demand of Natural resource for agriculture food crop, land for settlement and water resource for domestic use as well as farm irrigation (FAO, 2017). Access to Natural resource is vital to achieve livelihood security and daily survival of the people in the community. 
However livelihood activities can destroy the Natural resource base by over – use and degradation, which can contribute to desertification, deforestation, soil erosion lead to soil infertility, global warming, declining water tables and that in turn affect resource availability  and cause resource scarcity or resource limited in certain area (Urmilla, 2015).
5.6.4 
Dairy Cattle Disease
In addition, Msafiri et al, (2015) support that even water sources acts as the breeding site for these insect vectors during dry period, hence increases their population. Infection can lead to serious economic losses due to reduction in milk yield from 20% to 85% as recorded in dairy farming system at Tanga and Iringa (Kambarage, 2015). In traditional Zebu cattle, the disease affects up to 45%- 65% of milk production due presence of skin necrotic nodules in the udder region of a cow (Mashingo, 2010).  
CHAPTER SIX

CONCLUSSION AND RECOMMENDATION
6.1 
Conclusion

Currently the agro pastoralist observe and understand the climate change that are occurring in their  area that are mostly associate with the impact such as drought, water shortage, temperature increase and other secondary impact such as emerging of cattle diseases. The study observed that there were a variation in rainfall and temperature. The great majority of agro pastoralists were aware of about the decrease of rainfall and increase of temperature respectively.  
However, there is low understanding on the proper adaptation strategies and the use of proper method to obtain some cattle feed. The main indicator of climate change are reduced rainfall, rainfall coming very late and ending early, recurrent drought and increased animal diseases. Climate change had an impact on cattle feed availability such as pasture and their product. It had been observe that there is decline in rainfall amount that contribute to shortage of drinking water and pasture for indigenous milk producing cattle. 

During survey results shows that the agro pastoralist had shortened the grazing time since they start at early in the morning and return home in the mid day to avoid high temperature during the day. Most of the adaptive measure is environmental conservation through of planting of tree and avoid bush clearing through fire. Hence minimize the environmental pollution hence maintain the improve, other adaptive measure is drilling of wells and pore holes so that we came to practice irrigation techniques to safeguard the availability of cattle feeds such as pasture to ensure increase of milk. Due to continuous climate change the most of the agro pastoralist member had involve in other activities such as motorcycle ride and security guard in the town.

6.2 
Recommendation

Water is the basic natural resource, which sustains life and provides various social and economic activities. Climate change has resulted to water shortage problem in the study area, the decrease of rainfall and increase of temperature has affected the hydrological cycle and precipitation. Hence the livestock sector should adapt the appropriate measure, to reduce the impact of climate change such as drilling of deep wells, which should be together with construction of water dam in agro pastoral area, domestic rainwater harvest, ensure the improvement of the availability of water, which may enable cattle to get water for drinking and human uses. Education purposes on environment conservation measure needs to be imposed in the village and households level and for the Local government to establish by law which will control the traditions cultural practices of cutting trees. Each year announced planting trees programme that will enable agro pastoralists to plant 3 - 4 seedling of trees and able to take care of it until it reaches maturity. 
For more than 30 years there are experiences of rainfall variation through starting and ending of rainfall, hence affect the growing habit of pasture plant necessary for cattle feeds. Shortage of Pasture feeds for cattle, needs for stakeholders, government institution and private sector to provide knowledge to agro pastoralist on the proper method of establishment of pasture farm. Those agencies may contact with pasture seed farms like Vikuge Pasture Seeds farm (VPSF) under the Ministry of livestock and Fisheries (MLF) so that can able to get improved pasture seeds and supply it to all agro pastoralist hence to establish their own pasture farms. Technology should be improved like drip irrigation so that can practice irrigation purposes in this pasture farms. 
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APPENDICES
Appendix 1: Questionnaire for agro pastoralist

I’m Masoy, Evod Renati a student at Open University of Tanzania, purse Master in Environmental science (Health stream), here I need your corporation to fill this questionnaire which will help to provide information concern the title “impact of climate change on dairy cattle production.” We assure you that all information provided is mainly for research and not for any person, hence filling free to communicate and you will not be punished or justify by anybody else

Part A: Questionnaire Identification

Data of Interview     ..................................................

Questionnaire number
     ............................................................................

Ward 
 .....................................................................................................

Village  
 .......................................................   Hamlet
 ........................

Part B: Background information

Questionnaires for agro pastoralist 

1. Sex    Male (     )    Female (     )                       (put (for the appropriate)

2. What is your age (In years)    ........................................

	Years
	Required
	Ranking

	Below 20
	
	1

	20 - 29
	
	2

	30 - 39
	
	3

	40 - 49
	
	4

	50 - 59
	
	5

	Above 60
	
	6


3. What is your education level? (Tick the appropriate)

	Category
	Required
	Ranking

	None
	 
	1

	 Adult education
	
	2

	Primary education
	 
	3

	Secondary education
	 
	4

	College education
	 
	5


Put (   ( ) for the appropriate

4. What is your purpose of keeping cattle?


	Production System
	Required
	Ranking

	Meat production (beef cattle)
	 
	1

	Milk production (dairy cattle)
	 
	2

	Dual-purpose (meat and milk)
	 
	3


Part C: Determine the Climate change (Put (() for the appropriate)

1. Do you know climate change?

Yes (         )         No (            )

2. If yes, what do you know about climate change?
.....................................................

	Category
	Required
	Ranking

	Change in weather condition
	
	1

	Increase or decrease of temperature
	
	2

	Change in rainfall variation
	
	3

	Change in wind pattern
	
	4

	None of the above
	
	5

	Don’t know anything
	
	6


3. Are you aware that climate is changing?


Yes (     )
No (     )

4. How did you know about climate is changing

	Category
	Required
	Ranking

	Personal observation
	 
	1

	Radio programmers
	 
	2

	Television (TV)
	 
	3

	Newspaper
	 
	4

	Reading books
	 
	5

	Extension officers
	 
	6

	Religious priest
	
	7

	Relatives
	 
	8


Put (() where is required

5. What type of climate change have you experience?

	Variation
	Tick inappropriate
	Ranking

	Shortage of rainfall
	
	1

	Variation in temperature
	
	2

	Change in wind pattern
	
	3


6. Have you witnessed any change in rainfall over the past 5 years? 


Yes 
(      )
No   (      )

7. If yes what has been happening in terms of the number of days/months of vuli rains in the past 5 years?
	Category
	Required
	Ranking

	Have increased
	
	1

	Have stayed the same
	
	2

	Have decreased
	
	3

	Don't know
	
	4


8. If there are changes, how long (days/months) have vuli rains been lasting in a year in the past 5 years

	Category
	Required
	Ranking

	Less than a month
	
	1

	one month
	
	2

	Two months
	
	3

	Three months
	
	4

	More than three months
	
	5


9. What has been happening in terms of the number of days/months of masika rains in the past 5 years?

	Category
	Required
	Ranking

	Have increased
	 
	1

	Have stayed the same
	 
	2

	Have decreased
	 
	3

	Don't know
	 
	4


11. How long (days/months have the masika rains been lasting in a year in the past 5 years?

	Category
	Required
	Ranking

	Less than a month
	 
	1

	one month
	 
	2

	Two months
	 
	3

	Three months
	 
	4

	More than three months
	 
	5


12. What is the trend of rainfall in general during the last 5 years?

	Category
	Required
	Ranking

	is increasing
	 
	1

	is decreasing
	 
	2

	have stayed the same
	 
	3

	No change
	 
	4

	Do not know
	 
	5


13. Have you observed any changes in temperature during the last 5 years?


Yes 
(      )
 No (      )

14. If yes what kind of changes?

	Category
	Required
	Ranking

	Increasing in temperature
	 
	1

	Decreasing in temperature
	 
	2

	Do not know
	 
	3


15. What used to be the situation of temperature since 2010s?

	Category
	Required
	Ranking

	Cool or cold
	 
	1

	Warmer
	 
	2

	Do not know
	 
	3


16. Have you experienced drought in the area for the past 5 years?


Yes 
(    )
No   (     )

17. If yes, what has been the frequency of drought occurrence in the recent 5 years ago?

	Category
	Required
	Ranking

	Increased
	 
	1

	Decreased
	 
	2

	No change
	 
	3

	Do not know
	 
	4


18. Do you know that cattle keeping activities is among the factor contributing to climate change?


Yes (      )
No (     )        

19. If yes, please explain how..................................................................................

20. What do you consider the causes of climate change?

	Category
	Required
	Ranking

	Deforestation
	 
	1

	grazing around water resources
	 
	2

	Burning of fossil fuel
	 
	3

	Do not know
	 
	4


Part D: Assess the impact of climate change on dairy cattle production

21. Can you mention the type of cattle kept in this area?


	Category
	Available
	Not available
	Ranking

	Traditional cattle herd (Zebu)
	 
	 
	1

	Improved dairy cattle
	 
	 
	2

	Dual purposes (meat and milk)
	 
	 
	3


22. Can you mention the adverse climatic event, which cause threat to the cattle?

	Adverse condition
	Tick the appropriate
	Ranking

	Drought condition
	 
	1

	Flooding
	
	2

	Increased temperature
	
	3

	Decreased temperature
	
	4

	Extreme wind pattern
	
	5

	Rainfall variation season
	
	6


23. What happens during that adverse condition on pasture feeds?

	
	Categories
	Available
	Not available
	Ranking

	1
	Drought condition
	
	
	1

	2
	Flooding 
	
	
	2

	3
	Increased temperature 
	
	
	3

	4
	Decreased temperature
	
	
	4

	5
	Extreme wind pattern
	
	
	5

	6
	Rainfall variation season
	
	
	6


24. Do they have water thought the year?


Yes (      )    No (     )

25. If yes, at what time of the year?


i) During rainy season (     )


ii) During drought season (      )

26. How many lakes are available in this area?

27. For your observation did the amount of water increase or decreasing


i) Increasing (    )



ii) Decreasing (      )

28. How many wetlands do you have in this area?

	Number
	1
	2
	3
	4
	5
	6 
	7 above
	none

	Tick 
	 
	 
	 
	 
	 
	 
	
	 


29. Where do your cattle drink water during the day?

	Category
	Available
	Not available
	Ranking

	Lake
	 
	 
	1

	River
	 
	 
	2

	Dam
	 
	 
	3

	swamp
	 
	 
	4

	wetland
	 
	 
	4

	boreholes
	 
	 
	5

	wells
	 
	 
	6


30. Do you have any measures taken to preserve the area of these water sources?


Yes (     )    No (     )

31. If yes, specify it..............................................................................................




.............................................................................................




.............................................................................................

32. What types of disease, mostly affect your cattle?


	Diseases
	Tick the appropriate
	Ranking

	East coast Fever (ECF)
	 
	1

	Trypanosomiasis
	 
	2

	Foot and Mouth Disease (FMD)
	 
	3

	Lumpy Skin Disease (LSD)
	 
	4

	Fasciolasis
	 
	5

	None of the above
	 
	6


33. Others specify ….............................

34. If yes, can you mention even one specific clinical sign?

	Diseases
	Required
	Ranking

	East coast Fever (ECF)
	 
	1

	Trypanosomiasis
	 
	2

	Foot and Mouth Disease (FMD)
	 
	3

	Lumpy Skin Disease (LSD)
	 
	4

	Fasciolasis
	 
	5

	None of the above
	 
	6


35. What types of dairy cattle keeping system are your practices?

i) Zero grazing  (    )
  

ii) Tethering    (      )


iii) Communal grazing /away from home (      )

36. What is the production of milk during these adverse conditions per cow?

	
	Adverse condition
	The amount of milk produced per cow/day
	Ranking

	1
	Drought period
	
	1

	2
	Rainfall season
	
	2

	3
	Increase in temperature
	
	3

	4
	Decrease in temperature
	
	4

	5
	Wind period
	
	5


Part E: Propose some strategies that would be adaptive to agro pastoralists (in line with changing climate)

37. What types of adaptive mechanism practice on cattle during the drought period?

	Categories
	Requirements
	Ranking

	Shift cattle to  other area (migration)
	 
	1

	Buying water
	 
	2

	Buying pasture feeds
	 
	3

	Buying other feeds like brand, rice mill
	 
	4

	None of the above
	 
	6


38. Where do your cattle drink some water during drought period?

i) Communal water supply system
(       )
 

ii) Water resource area at your home
(        )

iii) Buying some water for cattle
(         ) 


39. Is there any death of cattle caused by emergence disease?


Yes
(     )
 


No
(     )


40. If yes, specify the number of death and the diseases, which affect most?

41. Have you vaccinated your cattle?

Yes 
(     ) 

No
(      )

Appendix II: Interview Schedule for the village and Ward Executive officers (VEO and WEO)

Introduction

The following are set of questions prepared for Village Executive Officers (VEO) and Ward Executive Officers (WEO) for the aim of getting information impact of climate change in dairy cattle production. 

1. Name of the Village..................................................................
Ward   …………………………………………

 
District  ………………………………………………..

2. How many numbers of cattle are in your area?

Cattle ......................................
3. What types of emerging diseases that mostly affect cattle?

	Diseases
	Number of cattle affected
	Ranking

	East Coast Fever (ECF)
	 
	1

	Trypanosomiasis
	 
	2

	Foot and Mouth Disease (FMD)
	 
	3

	Lumpy Skin Disease (LSD)
	 
	4

	Fascioliasis
	 
	5

	None of the above
	 
	6


4. How many water sources (points) are present in your area?

	Water resource
	Total number available
	Not available
	Ranking

	Lake
	 
	 
	1

	River
	 
	 
	2

	Dam
	 
	 
	3

	Swamp
	 
	 
	4

	Wetland
	 
	 
	5

	Boreholes
	 
	 
	6

	Wells
	 
	 
	7


5. What is the problem facing dairy cattle production in your area? ..............................................................................................................................................................................................................................................................................................................................................................................................................................

6. How do you control those problems in your area?

..............................................................................................................................................................................................................................................................................................................................................................................................................................

7. What is your opinion concern:-


i)  Impact of climate change on dairy cattle

....................................................................................................................................................................................................................................................................................


ii) Dairy cattle production

....................................................................................................................................................................................................................................................................................

Thanks a lot



Appendix III: Questionnaire for District Livestock Officer (DLO) and Veterinary officer (DVO)

1. Name of the District   ......................................................
2. What is the population of cattle in your area? ............................................................

3. What type of cattle diseases are affected your area, according to the list?

	Diseases
	Number of cattle affected

	East Coast fever (ECF)
	 

	Trypanosomiasis
	 

	Foot and Mouth Disease (FMD)
	 

	Lumpy Skin Disease (LSD)
	 

	Fascioliasis
	 

	None of the above
	 


4. What measure was taken to control those emergence diseases in cattle?

..................................................................................................................

5. What is your opinion concerning dairy cattle production?


............................................................................................................

6. What is the amount of milk produced by cattle per month or/year?

Thanks a lot for your corporation

Appendix IV: Questionnaire for Meteorological officers

1. What is the amount of rainfall for the past 6 years 2015 - 2020?

2. What is the range of temperature for those named years above?

3. What time of the named years (2015 - 2020) that the rainy decrease or increases?

4. Can you suggest the trend of rainfall and temperature within the Tabora district for the year 2015 - 2020?

Appendix V: Checklist for Focus Group Discussion (FGD)

1. Discuss about what is climate change

Answer options:-

	 
	Answer options after discussion

	What is a climate change
	Agreed (1)
	Disagreed (2)
	Neutral (3)

	(a) Change in weather conditions
	 
	 
	 

	(b) Increase in Temperature
	 
	 
	 

	(c) variation in rainfall lead to recurrent  in drought period
	 
	 
	 

	(d) Change in wind pattern
	 
	 
	 


2. Discuss about what are the impacts of climate change on dairy cattle in your area

	
	Answer options after discussion

	What are the impact of climate change on their dairy cattle
	Agreed (1)
	Disagreed (2)
	Neutral (3)

	(a) Variations in rainfall lead to drought 
	 
	 
	 

	(b) Increase in temperature lead to disease outbreak
	 
	 
	 

	(c) change in wind current lead to dust
	 
	 
	 


3. Discuss what is the status of production in dairy cattle during climatic change conditions

	
	Answer options after discussion

	
	Agreed (1)
	Disagreed (2)
	Neutral (3)

	a) increase in temperature milk production increase
	 
	 
	 

	b) rainfall variation milk production is low
	 
	 
	 

	c) during rainfall milk production is high
	 
	 
	 

	c) change in wind current milk production is normal
	 
	 
	 


4. What is the impact of climate change on dairy cattle diseases in your area?

	 
	Answer options after discussion

	 
	Agreed (1)
	Disagreed (2)
	Neutral (3)

	(a) increase in temperature incidence of disease is low
	 
	 
	 

	(b) rainfall variation the incidence of diseases is moderate
	 
	 
	 

	(c) during rainfall incidence of diseases is high
	 
	 
	 

	(d) change in wind current the incidence of diseases is high
	 
	 
	 


Thanks for your corporation

  End

Appendix VI: Questionnaire for agro-pastoralist household (Swahili version)

Kielelezo VI: Dodoso kwa wafugaji 

UTANGULIZI 

Mpendwa ndugu mfugaji. Mimi ni Masoy, Evod Renati, ni mwanafunzi wa ngazi ya Uzamili katika kozi ya Mazingira (Afya) kutoka Chuo Kikuu Huria cha Tanzania mwaka 2022 ambapo ninafanya utafiti kuhusiana na “Athari za mabadiliko ya Tabia nchi kwa wafugaji wa ngombe wa maziwa”. Ni imani yangu kuwa utanipa ushirikiano mkubwa kwa kunipatia taarifa zozote kuhusiana na dodoso ambalo utalijaza ili utafiti ukamilike na pi kuelimishana kuhusu elimu ya mabadiliko ya tabia nchi. Ni kweli kuwa taarifa utakazo toa zitakuwa siri na hatutazitoa kwa yoyote ni kwa matumizi ya utafiti tuu. Dodoso kwa ajili ya Wafugaji wa ngombe wa maziwa kwa lengo la kupata taarifa za ufugaji, katika kipindi hiki cha Mabadiliko ya Tabia nchi hasa hali ya hewa na jinsi wanavyokabiliana na mabadiliko ya Tabia nchi ili ufugaji uwe endelevu na kuwaongezea kipato.
Sehemu ya kwanza: Dodoso lenyewe

Tarehe ya Dodoso ...................................................

Namba ya Dodoso
..............................................................................

Kata 
 .....................................................................................................

Kijiji cha  
.......................................................   Kitongoji cha ........................

Sehemu ya Pili: Utangulizi

1. Andika jinsi yako    Mume (     )    Kike (     )                   (Weka vema( () panapohusika

2. Je, una umri wa miaka mingapi?  .........................................

3. Je, Elimu yako mpaka darasa la ngapi? (weka vema panapohusika)

	Kielelezo
	Weka vema

	Sijasoma darasa lolote
	 

	Elimu ya Msingi 
	

	Elimu ya sekondari 
	

	Elimu ya chuo
	 


4. Nini sababu ya kufuga ngombe?


	Aina ya ufugaji
	Weka vema

	Kupata nyama
	 

	Kuzalisha maziwa
	 

	Kupata nyama na maziwa
	 


Fungu C: Mabadiliko ya Tabia nchi (weka vema panapohusika (())

 5.Je, Unaelewa nini kuhusu Mabadiliko ya Tabia nchi?.................................................

6. Unafahamu jinsi mabadiliko ya tabia nchi yanavyotokea?


Ndiyo (     )
Hapana (     )

7. Elimu ya mabadiliko ya tabia nchi umejifunzia wapi?

	Kielelezo
	Weka vema

	Kujisomea mwenyewe vitabu
	 

	Nilisikia redioni
	 

	Kwenye runinga (TV)
	 

	magazeti
	 

	Kusoma vitabu mbalimbali
	 

	Wataalamu wa mifugo na kilimo
	 

	Viongozi wa dini
	

	Majirani/ndugu
	 


8. Je, Kwa upande wa mvua, umeshabaini mabadiliko yoyote ya unyeshaji wa mvua kwa kipindi cha miaka 5 iliyopita? 


Ndiyo 
(      )
Hapana (      )

9. Kama ndiyo, ni kimetokea kuhusu mvua za vuli?

	Kielelezo
	Weka vema panapohusika

	Mvua nyingi na kunyesha kwa siku nyingi
	 

	Mvua zimepungua na zinanyesha kwa siku chache 
	 

	Mvua imepungua kwa ujumla
	 

	Sijui chochote
	 


10. Kama kuna mabadiliko, mvua za vuli zimenyesha kwa muda gani?

	Kielelezo
	Weka vema panapohusika

	Chini ya mwezi
	 

	Mwezi moja
	 

	Miezi miwili
	 

	Miezi mitatu
	 

	Zaidi ya miezi mitatu
	 


11. Kwa upande wa mvua za masika, nini kimetokea kwa muda wa miaka 5 iliyopita?

	Kielelezo
	Weka vema panapohusika

	Mvua nyingi
	 

	Kama za kawaida
	 

	Mvua zimepungua
	 

	Sijui chochote
	 


12. Vipi unyeshaji wake, mvua hizi za masika zinanyesha kwa muda gani?

	Kielelezo
	Weka vema panapohusika

	Chini ya mwezi
	 

	Mwezi moja tuu
	 

	Miezi miwili
	 

	Miezi mitatu
	 

	Zaidi ya miezi mitatu
	 


13. Ni nini hali ya unyeshaji wa mvua kwa ujumla kwa muda wa miaka 5 iliyopita?

	Kielelezo
	Weka vema panapohusika

	Kuna ongezeko la mvua
	 

	Kuna upungufu wa mvua
	 

	Ni za kawaida kama hapo zamani
	 

	Hakuna mabadiliko yoyote
	 

	Sijui chochote
	 


14. Kuhusu joto. Vipi kuna mabadiliko yoyote ya joto kwa kipindi cha miaka 5?


Ndiyo 
(      )
 Hapana (      )

15. Kama ndiyo, ni mabadiliko yapi?

	Kielelezo
	Weka vema panapohusika

	Ongezeko la joto
	 

	Kupungua kwa joto
	 

	Sijui chochote
	 


16. Nini hali ya ubaridi kwa miaka ya kuanzia 2010s?

	Kielelezo
	Weka vema panapohusika

	ubaridi
	 

	Kuongezeka kwa unyevu unyevu
	 

	Sijui chochote
	 


17. Vipi kuhusu ukame, Je ukame unatokea mara kwa mara hapa kwenu?


Ndiyo
(    )
Hapana   (     )

18. Kama jibu ni Ndiyo, ukame umetokea mara ngapi kwenye eneo lako?

	Kielelezo
	Weka tiki panapohusika

	Kuongereka
	 

	kupungua
	 

	Haijawahi kutokea
	 

	Sijui chochote
	 


19. Je, unafahamu kwamba ufugaji wa ngombe nao unachafua mazingira yanayosababisha mabadiliko ya Tabia nchi?


Ndiyo (      )
Hapana (     )        

20. Kama ni ndiyo, elezea ni kwa vipi? ..........................................................................

21. Unafikiri ni nini kinasababisha mabadiliko ya tabia nchi?

	Kielelezo
	Weka vema panapohusika

	Ukataji wa mti ovyo
	 

	Kuchunga karibu na vyanzo vya maji
	 

	Uchomaji moto wa mafuta, plastiki na matairi
	 

	Sijui chochote
	 


Sehemu D: Ufugaji wa ngombe wa maziwa

22. Unaweza kunieleza aina ya ufugaji unaofanya hapa?


	Kielelezo
	inapatikana
	Haupo

	Ngombe wa asili  (Zebu)
	 
	 

	Ngombe wa bora
	 
	 

	Mchanganyiko (maziwa na nyama)
	 
	 


23. Unaweza kueleza tukio lolote la hali mbaya ya hewa?

	Hali mbaya
	Weka vema panapohusika

	Hali ya ukame
	 

	Mafuriko
	

	Kuongezeka kwa joto
	

	Kupungua kwa joto
	

	Upepo mkali
	

	Upungufu wa mvua
	


24.Katika kipindi hicho cha hali mbaya ya hewa upatikanaji wa malisho kwa ngombe ulikuwaje?

	
	Kielelezo
	yanapatikana
	Uhaba

	1
	Ukame
	
	

	2
	Mafuriko 
	
	

	3
	Kuongezeka kwa joto 
	
	

	4
	Kupungua kwa joto
	
	

	5
	Upepo mkali
	
	

	6
	Upungufu wa mvua
	
	


25.Vipi maji yanapatikana hapa?


Ndiyo (      )    Hapana (     )

26. Kama, ndiyo yanapatikana kipindi gani cha mwaka?


i) Wakati wa mvua (     )


ii) Wakati wa kiangazi (      )

27. Kuna mabwawa ya maji mangapi ya kunyweshea mifugo hapa?

	Mabwawa
	1
	2
	3
	4
	5
	6 
	7 kuendelea
	Mengi....

	Weka vema 
	 
	 
	 
	 
	 
	 
	
	 


28. Kwa uchunguzi wako kwa kuangalia, nini hali ya upatikanaji wa maji hapa


i) Ni nzuri (    )



ii) Hakuna maji (      )

29. Kuna maeneo oevu mangapi hapa?

	Mabwawa
	1
	2
	3
	4
	5
	6 
	7 endelea
	Mengi....

	Weka vema 
	 
	 
	 
	 
	 
	 
	
	 


30. Wakati ngombe wakiwa malishoni ni wapi wanakunywa maji mchana?

	Kielelezo
	wapi
	Hakuna

	ziwani
	 
	 

	mtoni
	 
	 

	Bwawani
	 
	 

	oevu
	 
	 

	Visima ya kuchimba
	 
	 

	chemichemi
	 
	 


31. Kuna njia zozote mnazotumia kutunza mazingira jirani na maeneno oevu?


Ndiyo (     )    Hapana (     )

32. Kama zipo, ni njia zipi hizo ......................................................................................

33. Katika kipindi cha mvua an ukame ni magonjwa gani yanawasumbua mifugo ya ngombe?


	Ugonjwa
	Weka vema panapohusika

	Ndigana kali (ECF)
	 

	Ugonjwa wa Ndorobo (Trypanosomiasis)
	 

	Ugonjwa wa Miguu na Midomo  (FMD)
	 

	Ugonjwa wa mapele ngozi  (LSD)
	 

	Minyoo
	 

	Hakuna magonjwa
	 


34. Magonjwa, mengineyo kama yapo……………………………................................

35. Kama yapo, unaweza kueleza japo dalili mojawapo ya ugonjwa huu?

	Ugonjwa
	Weka vema panapohusika

	Ndigana kali (ECF)
	 

	Ugonjwa wa Ndorobo (Trypanosomiasis)
	 

	Ugonjwa wa Miguu na Midomo  (FMD)
	 

	Ugonjwa wa mapele ngozi  (LSD)
	 

	Minyoo
	 

	Hakuna magonjwa
	 


36. Je, ni aina gani ya ufugaji wa ngombe wa maziwa mnaofanya hapa?

i) Ufugaji wa ndani (    )
  

ii) Ufugaji wa kufunga kwa kamba nje    (      )


iii) Kuchunga kwa maeneo ya kuchungia (      )

37. Unachungia wapi mifugo yako wakati wa kiangazi?

i) Maeneo ya kuchungia
(       )
 



ii) Karibu na vyanzo vya maji
(       )


38. Umbali gani toka nyumbani mpaka mifugo wanapokunywa maji?

i) Maeneo ya maji ya kijiji (       )
 

ii) Karibu na nyumbani
(        )

iii) Kununua maji ya kunyweshea mifugo
(         ) 


39. Je, kuna vifo vya mifugo vilivyotokea hivi karibuni?


Yes
(     )
        No
(     )


40. Kama ndiyo, eleza idadi ya vifo na ugonjwa unaliathiri mifugo hapa?

41. Vipi, umechanja mifugo, yako kuhusu ugonjwa mbalimbali ya mifugo?

Ndiyo 
(     ) 

Hapana
(      )

42.     Vipi kuhusu uzalishaji wa maziwa wakati wa hali mbaya ya hewa?

	
	Hali ya Hewa
	Idadi ya upatikanaji wa maziwa kwa kila ngombe kwa siku

	1
	Hali ya Ukame
	

	2
	Wakati wa mvua
	

	3
	Kuongezeka kwa joto
	

	4
	Kipindi cha baridi
	

	5
	Upepo mkali
	


Aksante kwa ushirikiano wako. Tuendelee kushirikiana kwa maendeleo ya nchi yetu

Mungu akubariki.

Table 6: Checklist for observation method to rank the factor involved in the study

	s/n
	Parameter to be observed
	Ranking

	
	
	Excellent
	Very good
	Good
	Fair

	1
	Change in temperature (increase or decrease)
	
	
	
	

	2
	Extreme weather event (flooding and drought condition)
	
	
	
	

	3
	Change in rainfall pattern (early, late and its intensity)
	
	
	
	

	4
	Presence of vector (ticks, tsetse fly)
	
	
	
	

	5
	Presence of pasture
	
	
	
	

	6
	Water availability,
	
	
	
	

	7
	Reduced milk yield
	
	
	
	

	8
	Trees cuttings
	
	
	
	

	9
	Bush clearance
	
	
	
	

	10
	Deforestation
	
	
	
	


Ranking condition: Excellent (1), Very good (2), Good (3), Fair (4) and Poor (5)

Appendix VII: Research Clearance Letter


