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This study intended to assess the impact of climate change on water resources management in West A District, Unguja. The study involved 96 respondents from Tanzania Meteorological Authority, Zanzibar Water Authority, Climate Change institutions and three Shehias of Bububu, Mwera and Kianga. The study was conducted under mixed research where by the Questionnaire and Interview were used as the main instruments for data collection. Statistical Package for Social Sciences (SPSS Version 22) was used for the descriptive analysis of quantitative data whereas qualitative data was analysed using thematic analyses. The study reveals that increased water volume, increased flood risks, increased pressure on fresh water, damaged sources of water, decline in agricultural activities and water borne diseases were the impact of climate change on water resources. The study makes recommendations for advancing our knowledge of how social systems mitigate the effects of climate change and set expectations for the performance and dependability of water resource systems, both of which would likely need to be safeguarded in the face of a changing climate.  The study concludes that, the studied areas are vulnerable to climate change impacts specifically on water sources so the communities must find immediate strategies to adapt the situation. 
Key words: Impact, climate change, water resource, management
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[bookmark: _Toc506053099][bookmark: _Toc148943427][bookmark: _Toc148954291][bookmark: _Toc149909227]INTRODUCTION
[bookmark: _Toc148943428][bookmark: _Toc148954292][bookmark: _Toc149909228][bookmark: _Toc506053100]1.1	Introduction 
This chapter begins by explaining background to the research. Then it explains statement of problem, research objectives and research questions. Lastly it ends by explaining significance, scope and organization of the study.
[bookmark: _Toc148943429][bookmark: _Toc148954293][bookmark: _Toc149909229]1.2 Background to the Research
One of the biggest environmental concerns of today is the global climate change (Chowhury and Debsharma, 1992). It is now clear from scientific research that climate change is real and no longer a hypothetical issue. Various climatic parameters, including rainfall, humidity, temperature, and sunshine hours, have shown significant trends in various parts of the world (Burton, 1997). With time and the future, the world's climate has been changed (Canavan and Rae, 2009).
Furthermore, extensive deforestation and the burning of fossil fuels like coal, oil and natural gas have increased the amount of greenhouse gases in the atmosphere, which has caused dramatic changes in global temperature and precipitation during the last century. According to Thornton et al. (2007), climate change is predicted to alter and amplify the present illness burden throughout Asia and the Pacific. The growing concentration of greenhouse gases (GHGs), according to the Intergovernmental Panel on Climate Change (IPCC), would cause an increase in global surface temperature of 1.4°C to 5.8°C by the year 2100. If mitigating measures are put into place around the globe, the pace of specifically rising global temperatures can be reduced (Nordhaus, 2006).
[bookmark: _Toc279948154]All African nations are anticipated to grow faster than the world as a whole in the twenty-first century (James & Washington, 2013). However, throughout the past century, rainfall variability has substantial increased. For instance, precipitation in Eastern Africa has a high level of geographical and temporal variability that is primarily driven by a number of physical processes. According to a report by Williams and Funk (2011), rainfall in eastern Africa has declined during the previous three decades. In addition, one of humanity's biggest problems now is global climate change. Global warming will worsen during the next fifty (50) years, harming the world's population (Harmeling, et al., 2008). Weather extremes including droughts, floods, and cyclones will happen more frequently and violently, leading to unstable living circumstances, food shortages, and forced migration (Bals et al., 2008). International cooperation is urgently needed to stop global warming and help people who are most at risk from extreme weather conditions. Sub-Saharan African nations must progressively manage the practical ramifications of this phenomena as well as the upcoming political issues (Christoph et al., 2008).
Additionally, it seems possible that humans will experience the effects of fast climate change that was caused, at least in part, by human activities in the next decades. The relationship between people and their resource base has always been delicate, but over the past century, industrialization and a significant rise in global population have accelerated changes that have caused resources to be lost and damaged in a way that is sometimes irreversible (Kumssa & Jones, 2010). According to Myers and Tickell (2001), there have been more environmental changes over the past 200 years than there have been in the past 2000 and more changes during the past 20 years than there have been over the previous 200. Similar to this, rising temperatures have increased the pace at which water evaporates into the atmosphere, increasing the atmosphere's ability to store water. Increased evaporation may cause certain locations to become drier and surplus precipitation in other areas (ICC, 2018).
In Tanzania, temperatures have steadily increased over the last three to five decades, negatively affecting practically all economic sectors. Water levels in Lake Victoria, Lake Tanganyika, Lake Rukwa, Lake Manyara, and several other minor lakes have dramatically decreased while several droughts have been recurring. Tanzania has seen an increase in sea levels; as a result, the Islands of Maziwi (near Pangani) and Fungu la Nyani (on the Rufiji River estuary) have already been flooded. According to predictions made by Urama and Ozor (2010), the islands of Zanzibar and Mafia will likely be under water by the year 2100 due to the melting of polar ice. Since 1912, Mount Kilimanjaro, the highest peak in Africa, has undergone significant change. It is predicted that the pinnacle of the snow-capped mountain will be barren over the next 10–20 years due to the remarkable rate at which its glacier top is vanishing (Thompson et al., 2007).
Zanzibar will be vulnerable to future sea level rise brought on by climate change since it is an island. Flooding and the loss of low-lying regions, coastline erosion, saltwater intrusion, and increased salinity in aquifers and water sources are some of the potential effects of sea level rise. The stream and erosion (flooding and eventually loss of land) may have an impact on infrastructure, transportation, water resources, tourism, and provisioning services (fishing, aquaculture, and agriculture) in the coastal zone.
[bookmark: _Toc506053101][bookmark: _Toc148943430][bookmark: _Toc148954294][bookmark: _Toc149909230]1.3 Statement of the Problem
Over the past 30 years, there has been a significant increase in both average and maximum temperatures in Zanzibar. The months of December through May experienced the highest rises, and the island's maximum temperature ever recorded was above 39°C. Also, It seems that there is no straightforward precipitation pattern throughout the islands, and rainfall variations are complicated. In recent years, higher-intensity rainfall events have been observed, and there are signs of a shift in the unpredictability of rainfall. In Zanzibar, for instance, 172.00 millimetres of rain fell in three hours on May 5, 2015, resulting in severe flooding in several urban and peri-urban areas of the city. On April 17, 2016, there was an additional incident that resulted in property damage and fatalities due to 212.4 mm of rain falling in seven hours (Omar, 2013).
Furthermore, In Zanzibar, reports of increased flooding on the islands and salt water intrusion in water sources indicate that the coastal sections of Zanzibar are already susceptible to coastal erosion. Additionally, altering weather patterns on the islands may play a part. However, these consequences must be considered in the context of socioeconomic development, population expansion, land constraints, resource usage, and natural processes; they are not primarily (or even exclusively) attributable to climate change. To mitigate these effects and contribute to community resilience now and in the future, it is important to address these current affects as soon as possible (Christoph et al., 2008).  Although, Zanzibar government plays a significant role to combat the climate change problem in urban west environment but still the problem exists. Climate change could have acute social and economic impacts on water resources and water sources management system if timely preventive actions and system adaptations are not undertaken. Due to this situation, conducting the study is crucial to addressing the effects of climate change on water sources in surrounding areas and improving their condition with the aim of achieving sustainable urban west environment in Zanzibar. 
[bookmark: _Toc307693412][bookmark: _Toc506053102][bookmark: _Toc148943431][bookmark: _Toc148954295][bookmark: _Toc149909231][bookmark: _Toc279948155]1.4 Objectives of the Study
[bookmark: _Toc506053103][bookmark: _Toc148943432][bookmark: _Toc148954296][bookmark: _Toc149909232]1.4.1  General Objective
[bookmark: _Toc307693414]The aim of this study was to provide an understanding on the impact of climate change on water resources management in Zanzibar. 
[bookmark: _Toc506053104][bookmark: _Toc148943433][bookmark: _Toc148954297][bookmark: _Toc149909233]1.4.2 Specific Objectives
To assess the trends of temperature and rainfall from 1990 to 2018 as evidence of climate change.
To examine the effects of climate change on water resources management in the study area.
To evaluate the local people’s perception on indicators of climate change.
[bookmark: _Toc279948156][bookmark: _Toc506053105][bookmark: _Toc148943434][bookmark: _Toc148954298][bookmark: _Toc149909234]1.5 Research Questions
1. What are the trends of temperature and rainfall from 1990 to 2018?
1. What are the effects of climate change on water resources?
1. What are the local people’s perceptions on climate change and water resources?
[bookmark: _Toc279948158][bookmark: _Toc506053106][bookmark: _Toc148943435][bookmark: _Toc148954299][bookmark: _Toc149909235]1.6 Significance of the Study
This study provides a better understanding on the impacts of climate change in West A District environment in Zanzibar. Urban planners, environmentalists, city dwellers, academics, Non-Governmental Organisations (NGO's), and other stakeholders may learn more from the study to advance their understanding of challenges connected to climate change modification of urban settings. The data will aid policymakers in making better decisions, such as replacing impermeable surfaces with permeable, preferably green, alternatives to reduce floods. The study also helps to keep urban data for Zanzibar which will be used as reference for future studies and lead to sustainable management of urban environment in Zanzibar context.  
[bookmark: _Toc148943436][bookmark: _Toc148954300][bookmark: _Toc149909236]1.7 Organization of the Study
The study has five chapters. The first chapter is the background to the study, statement of the problem, research objectives and questions, and significance of the study. An overview of the literature is included in Chapter 2 along with the study's theoretical framework. Chapter three, presents the study area, research design, sampling and sample size along with the procedures used in data collecting, data analysis plan, validity, reliability and ethical consideration procedures has a full discussion of the research methodology. Chapter four gives the study findings, study analysis, and discussion. Lastly, chapter five concludes with recommendations and ideas for areas that require more study.
[bookmark: _Toc506053107][bookmark: _Toc148943437][bookmark: _Toc148954301][bookmark: _Toc149909237]
CHAPTER TWO
[bookmark: _Toc279948160][bookmark: _Toc506053108][bookmark: _Toc148943438][bookmark: _Toc148954302][bookmark: _Toc149909238]LITERATURE REVIEW
[bookmark: _Toc148943439][bookmark: _Toc148954303][bookmark: _Toc149909239]2.1 Introduction
The primary ideas and factors that were important to this study were described in this chapter, along with a review of the pertinent literature. The subjects covered include conceptualization of climate change's effects on water resources, an overview of global organisations' viewpoints on climate change, as well as the general causes and implications of variations in temperature and precipitation on water resources in the research region. The management methods used in different regions of the world and the current climate change situation in Zanzibar. Also explored are the theoretical and conceptual foundations.
[bookmark: _Toc506053109][bookmark: _Toc148943440][bookmark: _Toc148954304][bookmark: _Toc149909240][bookmark: _Toc279948162]2.2 Definitions of Key Concept Terms
[bookmark: _Toc506053110][bookmark: _Toc148943441][bookmark: _Toc148954305][bookmark: _Toc149909241][bookmark: _Toc279948163]2.2.1 Climate  
Climate is defined as the mean and variability of important quantities across temporal intervals ranging from months to thousands or millions of years, or, more precisely, as the statistical disturbance in terms of the mean and variability of relevant values.  According to the World Meteorological Organisation, averaging these variables traditionally takes place over a period of 30 years. The National Research Council (2012) defined climate as the typical weather patterns for a specific place across time.
[bookmark: _Toc506053111][bookmark: _Toc148943442][bookmark: _Toc148954306][bookmark: _Toc149909242]2.2.2 Climate Change
Climate change is defined as a change in the climate that is caused by human activity that modifies the global atmosphere and that occurs in addition to natural climatic variability during a comparable time span (United Nations, 2003). According to Allen et al. (2004) and McRae et al. (2008), the stratosphere and troposphere of the earth interact intricately with the terrestrial biosphere to produce climate change.
[bookmark: _Toc506053112][bookmark: _Toc148943443][bookmark: _Toc148954307][bookmark: _Toc149909243]2.2.3 Human Life
Before any person progresses in their growth, moving up from the instinctive-reflexive stage to the really human one, when the intellect begins to predominate in determining one's style of living and action, the question of the meaning of human life is inexorably posed. It involves the growth of awareness on both a qualitative and a quantitative level. The purification of awareness, as well as the intellectual and ethical self-perfection, include qualitative growth. According to Nottingham (2003), the quantitative element indicates a direct increase in the quantity of the refined energy of awareness. Baggini (2004) claims that the capacity and duty to find and, to some extent, decide meaning for ourselves lie at the heart of the search for meaning. Also describes living a meaningful life as engaging in really valuable activities that are a reflection of one's logical decision-making as an independent agent.
[bookmark: _Toc506053113][bookmark: _Toc148943444][bookmark: _Toc148954308][bookmark: _Toc149909244]2.3 Theoretical Literature Review
This study was guided by two theories; vulnerability theory and Milankovitch theory. 
[bookmark: _Toc148943445][bookmark: _Toc148954309][bookmark: _Toc149909245]2.3.1 Milankovitch theory
The name Milutin Milanković was given to the concept after the Serbian geophysicist and astronomer who invented it. The Astronomical Theory and the Milankovitch Theory, which explain how the sun and earth relate to one another. 
He investigated in the 1920s how differences in three different forms of Earth orbital motions impact the amount and location of solar radiation, or insolation that reaches the top of Earth's atmosphere. The quantity of incoming insolation in Earth's mid-latitudes, or the parts of our planet between about 30 and 60 degrees north and south of the equator, varies by up to 25 percent due to these periodic orbital motions, which are now known as the Milankovitch cycles. The Milankotvich circles included the following:
First, the shape of the Earth’s orbit (Eccentricity). Earth's orbit around the Sun varies from nearly circular to slightly elliptical due to gravity from Jupiter and Saturn. Eccentricity, the deviation from a perfect circle, affects the distance between Earth and the Sun, causing seasons to have slightly different lengths. As eccentricity decreases, seasons gradually even out. The difference in distance between Earth's closest approach to the Sun and its farthest departure from the Sun is about 5.1 million kilometres, with 6.8% more incoming solar radiation each January and 23% more at its most elliptic orbit. 
Second, the angle Earth’s axis is tilted with respect to Earth’s orbital plane (obliquity). Earth's axis of rotation, known as obliquity, is responsible for seasons and has varied between 22.1 and 24.5 degrees over the past million years. Larger tilt angles lead to more extreme seasons and deglaciation, with higher latitudes experiencing larger changes in total solar radiation. Currently, Earth's axis is 23.4 degrees, slowly decreasing over 41,000 years. As obliquity decreases, seasons become milder, with warmer winters and cooler summers, allowing snow and ice to build up.
Third, the direction Earth’s axis of rotation is pointed (precession). Earth's rotational wobble, caused by tidal forces from the Sun and Moon, affects its rotation and is known as axial precession. This cycle lasts about 25,771.5 years and causes extreme seasonal contrasts in one hemisphere and less extreme in the other. In about 13,000 years, axial precession will flip these conditions, with the Northern Hemisphere experiencing more extreme solar radiation and the Southern Hemisphere experiencing more moderate seasonal variations. Precession also affects seasonal timing relative to Earth's closest points around the Sun, but modern calendar systems tie seasons to seasons.
In addition, according to this theory, global warming will vary significantly between regions and seasons, altering wind and precipitation patterns. Human activities, such as burning fossil fuels, release billions of tonnes of carbon dioxide annually, altering the atmosphere's composition and behaviour. If current trends continue, atmospheric CO2 concentrations could double pre-industrial levels, potentially raising global temperatures by 2°C to 5°C. The extent of warming will be determined by factors like melting ice, oceans, water vapour, clouds, and vegetation changes. In relation to the study, the theory of Milankovitch enabled the research to understand the trends of temperature and rainfall of the selected area as well as the anthropogenic causes of climate changes.
[bookmark: _Toc148943446][bookmark: _Toc148954310][bookmark: _Toc149909246]2.3.2 Vulnerability theory
The primary purpose of vulnerability theory was to explain how vulnerable populations were to climate change and to make adjustments easier. This theory has been expanding throughout time to account for circumstances in a variety of fields, including the social sciences (Kelly & Adger, 2000). According to the idea, "Any analysis of climate change vulnerability must consider the social, economic, and institutional factors that affect the degree of vulnerability within a community or nation and promote or restrict options for adaptation" (Kelly & Adger, 2000). The theory's central claim examines vulnerability in terms of people's ability to respond to, deal with, recover from, or adapt to any external stress put on their way of life and well-being.
The theory major assumptions are as follows: First, it is necessary to put the social and economic well-being of the society at the core of study in order to determine how vulnerable people or social groups are to climate change. Second, the availability of resources and the right of individuals or groups to use them determine the susceptibility of people or social groups to climate change (Kelly & Adger, 2000). Last but not least, a sustainable response to climate change by individuals or groups must focus on addressing the root causes of social vulnerability by prioritising actions like eradicating poverty, spreading risk through income diversification, upholding the rights of common property managers, and fostering collective security (Adger et al., 2004).
In relation to this study, vulnerability theory helped the researcher to understand to what extent to which the communities of all studied Shehia were prone to the impacts climate change in term of water resources.  
[bookmark: _Toc506053114][bookmark: _Toc148943447][bookmark: _Toc148954311][bookmark: _Toc149909247]2.4 Empirical Literature Review
[bookmark: _Toc148943448][bookmark: _Toc148954312][bookmark: _Toc149909248]2.4.1 Trends of Temperature and Rainfall Around the Globe
Espinosa et al. (2022) conducted a research on Climate Change Trends in a European Coastal Metropolitan Area: Rainfall, Temperature, and Extreme Events (1864–2021),. The study's goal was to compile an updated analysis of climate change trends for a representative site in the Lisbon Metropolitan Area (Portugal) for the time period from 1 October 1864 to 30 September 2021 as part of a project to improve coastal cities' resilience to climate change. The project was funded by Horizon 2020.
Espinosa et al. (2022) discovered that rainfall forecasts are erratic and region-specific, with a rise in the Northern Hemisphere at higher latitudes and a reduction towards the Equator, including the Mediterranean. Since 1960, the E-OBS dataset has not changed significantly, although other series have seen major changes. Furthermore, the study revealed temporal variability in annual rainfall in the Lisbon context, with some years exceeding 1200 mm and others below 400 mm. The area relies heavily on westerly flows, with extreme rainfall events contributing significantly.
The study also found that Portugal has experienced an increase in high daily rainfalls over the past 40 years, with 5.5 over-threshold incidents each year. Four of the five years with the greatest daily rainfalls, including those in October and February, occurred between 1981/82 and 2020/21. Inland and estuarine floods caused these disasters to occur, which had a huge financial impact. To deal with these extremes, investigations that are localized are required.
Mullick et al. (2019) did a study on temperature and rainfall patterns in Asia in Bangladesh. The study's objective was to determine the changes in Bangladesh's temperature and precipitation during the last 50 years, from 1966 to 2015. According to the study, maximum temperatures increased at 66% of stations during the pre-monsoon season, while minimum temperatures increased at 75% of sites. The mean temperature of around 50% of the sample showed an upward trend, indicating a warmer pre-monsoon season. Over 50% of the stations exhibited a declining trend in lowest temperature throughout the post-monsoon season, whereas the majority of stations reported an increase in maximum temperature. December and January saw a more significant trend. Additionally, Mullick et al. (2019) discovered that 20 sites, primarily in the coastal area and diagonally from north to south, indicated a rising mean temperature trend in the pre-monsoon season. 32 sites displayed an upward trend throughout the monsoon season, with the northern region showing the largest rise. Twenty stations had a declining tendency in the post-monsoon season, whereas 15 stations displayed a rising trend. In the winter, there was a declining tendency across more than half of the nation.
However, Mullick et al. (2019) analysis discovered that only 50% of stations exhibited positive monthly rainfall patterns throughout the monsoon season, whereas the remaining 75% did. The winter season had no trend, with the majority of stations exhibiting none. The two months with the strongest growing trends were May and October, while April had a declining tendency. During the pre-monsoon and post-monsoon seasons, the southeast of the nation experienced an increase in rainfall, according to the research. The study also discovered that eastern hills and north-eastern areas had an increase in the mean rainfall trend, which is increasing for 23 sites across the nation in the pre-monsoon season. Fourteen stations, mostly in coastal areas show a rising tendency throughout the monsoon season. After the monsoon, 25 stations exhibit an upward trend, with Teknaf showing the largest rise.
Another study conducted in Africa by Abegaz and Abera (2020) on temperature and rainfall trends in North Eastern Ethiopia. This study's primary objective was to look at changes in temperature and precipitation at the Kombolcha and Dessie Meteorological Stations on an annual, seasonal, and monthly time frame. Data on the daily rainfall and temperature were gathered from Ethiopia's National Meteorological Agency. Trends in rainfall and temperature were evaluated using the Mann-Kendall test and Sen's slope estimator. The study found a decreasing and non-significant rainfall trend at Kombolcha and Dessie stations during February to April and September. While the trend in Dessie climbed by 0.17 mm in August, it increased by 2.3 mm per month at Kombolcha. Seasonal rainfall increased by 4.2 mm/season at both stations. Overall, the tendency was up during the Kiremt and Bega seasons and down during the Belg seasons, but no discernible pattern was found for the distribution of seasonal rainfall.  Also, Abegaz and Abera (2020) study found significant temperature trends at Kombolcha and Dessie stations, with maximum temperatures increasing and decreasing throughout the month. Maximum temperatures were highest during March and April, while minimum temperatures decreased throughout the month. Dessie station showed a decreasing trend in minimum temperatures. The increasing trend in annual and Kiremt temperatures higher midday evaporative demand and water requirements for crops.
[bookmark: _Toc148943449][bookmark: _Toc148954313][bookmark: _Toc149909249]2.4.2 Effects of Temperature and Rainfall Changes on Water Resources World-Wide
Estrela et al. (2012) conducted a study on impacts of climate change on water resources in Spain. This study's goals were to examine Spain's water resources and their variability, as well as recent modelling studies on the hydrological consequences of climate change, anticipated impacts on water resources, implications for river basins, and current policy initiatives. The results of the research found that, in Spain a climate change has caused a 17% drop in water supplies worldwide, primarily in southern areas. Spanish Water Policy white Paper assessed the effects using a spatially-distributed hydrological model and Budyko law. The most critical areas are arid and semi-arid areas, where water scarcity and drought problems are greater. Hydrological modeling of climate change impacts involves simulating hydrological processes and estimating variables like precipitation, snow, evapotranspiration, soil moisture, runoff, aquifer recharge, and soil volume storage. The Júcar River basin in eastern Spain faces significant climate change scenarios for 2070-2100, with the HadCM3 model and PROMES model assessing impacts on natural water resources, crop water needs, and hydrological systems. The study concluded that maintaining current water uses, particularly irrigation volumes, is not possible.
The Júcar River basin in eastern Spain faces significant climate change scenarios for 2070-2100. The HadCM3 model and PROMES model were used to assess impacts on natural water resources, crop water needs, and hydrological systems. The Patrical model estimated a 40% global runoff reduction, with significant geographical variations. The study found significant increases in water needs for crops in inland and coastal areas, and a strong impact on water resource systems. The study concluded that maintaining current water uses, particularly irrigation volumes, is not possible. Ceballos-Barbancho et al. (2008) analyzed water supply trends in southwestern Spain's Duero River basin, examining temperature, precipitation, and plant cover changes. Results showed a decrease in water supply due to changes in monthly discharge and increased temperatures in spring and summer.
Mall et al. (2006) conducted a study on water resources and climate change from Indian perspective. The results of the study revealed that water resource impacts in India will increase over the next century. Surface warming will increase pre-monsoonal and monsoonal rainfall, with no significant change in winter rainfall. This will lead to increases monsoonal and annual run-off in central plains, with no significant change in winter run-off. A case study in Orissa and West Bengal found that a one-meter sea-level rise could flood 1700 km2 of prime agricultural land and put 7.1 million people at risk. TERI ranked the vulnerability to one-meter rise using a weighted index. Climate change affects snow-water equivalent, snowmelt run-off, glacier melt run-off, and stream flow in the Spiti River, with increased temperature having the most significant impact on glacier melt run-off.
Climate change affects surface run-off, soil moisture, and evapotranspiration in three Central India basins, with drier regions being more sensitive. Further critical analysis is needed for reservoir storage. The Kosi Basin's hydrologic sensitivity to land use and climate change scenarios was analyzed, finding run-off increases higher than precipitation increases. Contemporary precipitation and temperature rises resulted in a 28% decrease in run-off. Soil moisture increased marginally by 15-20% in southern and Central India during the monsoon months, while temperature led to enhanced evapotranspiration. Chenab River discharge increased, and rainfall increased at high altitudes.
Gosain and Rao predict that climate change will affect surface run-off in various Indian River basins and sub-basins. However, there is a general reduction in available run-off. Precipitation increases in Mahanadi, Brahimani, Ganga, Godavari, and Cauvery, but total run-off remains low. The remaining basins show a decrease in precipitation, with Sabarmati and Luni basins experiencing a drastic decrease in precipitation, potentially causing severe drought conditions. Further studies are needed to understand the impacts of climate change on Indian water resources.
Goyal found that global warming increases evapotranspiration demand in arid Rajasthan regions by 14.8%, with solar radiation and wind speed being less sensitive. Water vapor as negative impact, and marginal increase would negatively affect the resource-poor, fragile ecosystem. Groundwater management in India faces significant implications due to global warming. An average drop in groundwater levels could increase India's total carbon emissions by over 1%, while a realistic estimate suggests a 4.8% increase. Studies suggest studying aquifer geometry, glacier melting, and trans-boundary aquifer systems to understand the consequences of climate change. India's economy relies heavily on agriculture and faces increased population demands for energy, freshwater, and food. Despite uncertainties about climate change's magnitude and regional impacts, measures must be taken to anticipate, prevent, or minimize its causes and mitigate its adverse effects.
Another study was conducted by Kusangaya et al. (2014) did a review on impacts of climate change on water resources in southern Africa. The results of the study revealed that temperature and rainfall changes directly affect evapotranspiration and runoff, altering the water balance and frequency of tropical storms in the Indian Ocean. Southern Africa is projected to experience a temperature increase of around 3°C, with wet tropical areas near the equator experiencing lower temperature changes. Arid and semi-arid areas are likely to get drier due to climate change than more humid areas in countries like Tanzania or Zambia. Future climate modeling results show that southern Africa's climate will become hotter and drier, with the greatest warming being in the interior and semi-arid margins of southern Africa, the Sahel, and central Africa. The central, southern land mass is likely to experience the greatest warming of 0.2-0.5°C per decade.
Rainfall trends in southern Africa are influenced by climate change, with most scholars agree that rainfall exhibits extreme variability. The IPCC suggests that climate change will decrease rainfall by 2050, with many models predicting a 5-15% decrease in growing season rainfall. Some scholars predict below-normal rainfalls and frequent droughts in the region. However, the extent of these reductions is less well-defined, and scientific evidence suggests increased inter-annual variability, wet periods, and more intense droughts in different countries. Rainfall patterns are expected to change in intensity and frequency, leading to more extreme events and longer periods between rainfalls. The demand for water in southern Africa is increasing rapidly due to population growth and economic development. However, most livelihoods rely on rain-fed agriculture, which will be affected by reduced rainfall under climate change.
[bookmark: _Toc148943450][bookmark: _Toc148954314][bookmark: _Toc149909250]2.4.3 People’s Perception on Indicators of Climate Change and Water Resources
Sraku-Lartey et al. (2020) conducted study on a study of perceptions and knowledge on climate change in local communities in the Offinso Municipality, Ghana. The study was conducted under cross-sectional research design. The data were mainly collected through questionnaires, focus group discussions and interviews. When the respondents were asked about what they perceived the term ‘climate change’ to be, the findings showed that although the majority of them (55.1%) had heard of the term, they did not understand what the term "climate change" actually meant. However, the respondents were able to identify a few climate change indicators and their impacts on their way of life. They discussed the changes they noticed during the previous 15 to 30 years. 66.1% of those who had heard of climate change attributed it to low and erratic rainfall, 52.8% to high temperatures, 34.2% to a protracted dry season, 7.2% to strong winds, and 3.3% to abundant rain. Few respondents were able to recognize that strong winds and excessive rainfall were also signs of climate change, despite their accuracy in identifying the indicators of climate change. This is likely due to the fact that these indications were not consistently present in the area.
The findings also revealed that farmers expressed concern about the ongoing drought in the study area due to the ongoing nature of their farming activities. The amount of rainfall received, they claimed, has significantly decreased during the previous 15 years. There was also the assumption that the intense drought that had occurred over the previous two years was to blame for the frequent forest fires that were occurring in the study area. Between December 2015 and February 2016, there were over ten forest fires. The possibility of a consistent water scarcity for inhabitants was there in terms of water supplies. Despite the study towns having roughly 33 rivers and streams, the majority of these rivers had either dried up or had their water quantities significantly decreased. However, the amount of water available for both home and agricultural usage had significantly decreased.
Another study was conducted on people’s perception on climate change by Khatri and Pasa (2023). The study was intended to discuss and analyze on people’s perception on climate change in both local and global contexts. Systematic review method is used to analyze and discuss the electronic databases of literature search that was extracted by web based search engines. The results of the study were as follow.  In local level the results indicated that Nepal's rainfall is perceived as unpredictable by 23.5% of respondents, while 36.7% believe total rainfall has decreased. Gorkha and Chitwan have higher perceptions of decreasing rainfall, while Chitwan and Gorkha have lower perceptions due to inter-annual variations. Climate change's effects are felt by 76% of households, with 11% recognizing no effects and 13% unknown. Unpredictable monsoons have led destruction, increased pests, and crop diseases. In Nepal's Kailali district, extreme events caused by climate change include increased pests, diseases, cropping patterns, declining productivity, and infrastructure destruction. Untimely and unusual rainfall patterns are increasing, with negative impacts on local inhabitants. Rupandehi district faces decreased agricultural output, loss of biodiversity, water resources, and health risks.
[bookmark: _Toc279948167][bookmark: _Toc506053118][bookmark: _Toc148943451][bookmark: _Toc148954315]On other hand, in global level the results indicated that climate change poses a significant threat to the world, with farmers in 11 African countries experiencing increased temperatures and decreased precipitation due to farming experience and poverty. South Africa faces barriers to adaptation due to lack of credit, while Kenya adapts by changing planting decisions. Canadian farmers have better access to technology and management tools, demonstrating their ability to adapt to climatic changes. Climate change affects households in subsistence farming, affecting their natural capital. Farmers perceive uncertainty in monsoon arrival and departure due to rainfall variations, affecting ecological systems. However, over 90% of the sample perceives rising temperatures, with drought risk ranking higher than flood risk.
2.4.4 Capacity of Local Institutions on Managing Impacts of Climate Change 
A major issue facing the entire world is climate change. Therefore, it is crucial for countries to see the global climate from a wide range of cooperative viewpoints in order to properly comprehend its nature and behaviour and forecast its future direction. In light of this, it is important to promote global climate projects and scientific knowledge sharing. But early climate forecasting can aid in bettering a variety of tasks, including decision making. The widely acknowledged precautionary principle, which calls for "taking measures to anticipate, prevent or minimise the causes of climate change and mitigate its adverse effects," may be more significant (Rose, 2015).
[bookmark: _Toc279948172]Similar to this, local communities all around the world are getting more and more active in managing environmental issues and climate change. For climatologists, this move towards participatory decision-making opens up both obstacles and possibilities. The development organisations have frequently claimed that the communities are unable to fulfil this duty (UNEP, 2006). Additionally, participation of communities, and more especially local institutions, must be taken into consideration for the sustainable management of climate change to be realised. The possibilities for limiting climate change must be seen in this severe light. The main climate will likely disappear by 2045 if public policies on climate change has not changed soon (UNEP, 2006).
However, The United Nations Environment Programme is focusing on raising public awareness and assessing climate impacts to address global climate change. It collaborates with the World Meteorological Organization and the International Council of Scientific Unions to conduct climate impact studies and establish an intergovernmental mechanism for international scientific assessments of climate change's magnitude, timing, and potential impact (UNFCCC, 2003). 
Even though mitigation also have local advantages, international collaboration is essential for effective mitigation. Although adaptation typically focuses on results at the local to national size, it may also be beneficial at other governance scales when coordinated, notably when collaboration between nations is included (IPCC, 2014). In response, an increasing number of non-governmental organisations (NGOs) and research organisations, including United Nations (UN) agencies, are taking part in adaptation and development efforts utilising a range of methodologies, including community-based adaptation (CBA). Numerous investigations show that autonomous mechanisms that were successful in managing with historical climatic variability are increasingly useless in coping with emerging climate change. As a result, there is a rising demand for reliable and practical climate data to support adaptation plans that can account for changing climatic patterns. Coordinated action must be guided by effective climate governance as well (Fishers and Reid, 2012).
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Undoubtedly, the greatest threat facing humanity in the twenty-first century is climate change (URT, 2011). It has emerged as a clear-cut worldwide problem that is widely discussed by a range of organisations, including the media, scientists, environmentalists, politicians, and educators.
When climate change occurs, it results to increase in temperature or decrease in temperature, this mean that there is change in temperature together with change in precipitation patterns. Change in temperature in different areas in Tanzania and the world in general has led to the increased illness and death caused by chronic health issues such as circulation/ breathing, heatstroke, hypothermia and extreme event happen more evenly such as cyclones tornadoes, forest and grassland fire and heat waves. It has also resulted into ecosystem change and habitat change that has resulted into desert increase, sea level rise, inland flooding, upland warming and increase topsoil erosion. 
Also, change in precipitation pattern has led flooding and more frequent and severe drought hence water stress and more intense rainfall (UNICEF, 2006) Consequently, these extreme event have contributed to increase of natural resources conflicts, forced population movement/migration, loss of assets and livelihood, decline in food security and income.
 Also, there is agriculture yield change causing hunger, death caused by sudden disasters increase together with infectious disease pattern extend and exchange such as malaria, waterborne infection, diarrhoea and other emerging diseases (URT, 2007). All these impacts together with water resource management strategies that are undertaken have in large position affected management system. Since poverty have increased, death and illness increase, child malnutrition increase due to lack of nutritious food, reduction in water accessibility due to shortage of water (UNICEF, 2006). Figure 2.1 shows the effects of climate change to the water resource management.
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[bookmark: _Toc149910115]Figure 2.1: Relationship Between Climate Change and Water Resources 
Source: Field Study (2019)
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The literature review's identification of a knowledge gap revealed that the natural forces responsible for the earth's long-term climate variability cannot account for the current fast warming. The only explanation that makes sense in light of all the facts at hand is that the management of water supplies is being more impacted by climate change. While compared to past developments, climate change may be faster in the future.  Lack of alternate water source base plans also causes misunderstandings with local entities.
In addition, there is less information available on the connection between Zanzibar's water resources and climate change.  Because of this, doing the study is crucial in order to address the issue. Additionally, despite the West A district being a developing area of research within the field, there are a lot of gaps in the literature due to the region's fast social and environmental development. It is crucial to do research on this subject and provide a clear answer in order to study these changes and comprehend the experiences of residents in the West A district.
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[bookmark: _Toc279948175][bookmark: _Toc506053123][bookmark: _Toc148943456][bookmark: _Toc148954320][bookmark: _Toc149909255]3.1 Introduction
Under the following subheadings, the study's methods and procedures were described in this chapter: research design, study location, population, sampling techniques, sample size, instrumentation, validity, and reliability of the instruments, training of research assistants, data collection methods, and data analysis.
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This study employed a descriptive cross-sectional design. This included both qualitative and quantitative methods. This design was used to collect data from many respondents at a single point in time. In addition, this design was used to summarize collected data using descriptive statistics.
[bookmark: _Toc148943458][bookmark: _Toc148954322][bookmark: _Toc149909257]3.3 Study Area Selection and Criteria
This study was conducted in West A District in Zanzibar. Three areas (Bububu, Kianga and Mwera) were selected. These study areas were selected because are being highly affected by the climate change and their people are highly conscious and motivated on responding questions. This helped to get valid data based on the subject matter of this study. 
Geographically, Zanzibar consists of the two large Islands of Unguja and Pemba, as well as 54 more little islands that are encircled by the Indian Ocean. Location of Zanzibar lies between 39° and 40° East longitude and 04°50' and 06°30' South latitude. There is a 50-kilometer distance between Unguja and Pemba islands, and they are separated from the Tanzanian mainland by 40 and 60 km, respectively. (ZDMP, 2011, p. 2)
There are four distinct seasons in Zanzibar's warm, humid, tropical climate, which is strongly influenced by the sea. The longest rainy season (Masika), which lasts until mid-June, begins in March and is followed by the hottest months of December through early March. The coldest months are June, July, August, and early September. The brief rainy season (Vuli), which lasts from October through December but may extend as far as early January, occurs during these months. Pemba has 1,900 millimetres more rainfall annually than Unguja (1,600 millimetres). The average annual maximum and lowest temperatures are 29.3°C and 21.1°C, respectively (ZDMP, 2011:1-2), however the average maximum and minimum temperatures sometimes drop below 20°C.
According to the 2022 Population and Housing Census (URT, 2022), which estimates an annual growth rate of 3.7%, the population in 2010 was 1,273,5123, with urban and rural populations comprising 31% and 69% of the total population, respectively (ZDMP, 2011, pg. 2). The population of Zanzibar (2012) was 1.304 million (PHC, 2012), the current population of Zanzibar is 1,889,773 (URT, 2022). This rate imply that the West A district has high rate of climate change's influence on water supplies as a result of the usage of fossil fuels to power their increasingly mechanised lives. The demand for fuels that are mined or dug from below the Earth's surface and that, when burnt, release enough carbon dioxide (CO2) into the atmosphere to trap warm air inside like a greenhouse is increased by an increase in human population resulted from migration and natural increase which lead to land scarcity and poor environmental management. Another reason is that, the West A district has a tendency of having many hazardous acts such as the eruption of various diseases like cholera and malaria which are caused by poor waste disposal especially during rainy season (Azzan & Ufuzo, 2005, as cited in Ubale et. al, 2005). Finally, the previous studies done by Ali and Suleiman (2006) explained that the West A district's environment has seen numerous and complicated socio-economic and environmental implications as a result of the growing effects of climate change. Pollution, deforestation, floods, and the wasting of agricultural areas are some of these repercussions.
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[bookmark: _Toc149910116][bookmark: _Toc279948179][bookmark: _Toc506053124]Figure 3.1: Location of the Study Site in Unguja Island 
Source: Google map December 2022 
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[bookmark: _Toc516449673][bookmark: _Toc518337382][bookmark: _Toc148943460][bookmark: _Toc148954324][bookmark: _Toc149909259]3.4.1 Target Population
According to Singh (2006), "population" or "universe" refers to the complete body of observations that make up the group from which a sample is drawn. The target population refers to the total number of subjects or total elements of interest of the researchers (Kothari, 2004, p. 56). The target populations of this study were people as subjects of interest, households, Climate Change Institution and Meteorological Department, member of Zanzibar water authority (ZAWA) at national level, and District and Ward Executives were involved. This is because they were the ones witnessing the impacts of climate change whether directly or indirectly.
[bookmark: _Toc516449674][bookmark: _Toc518337383][bookmark: _Toc148943461][bookmark: _Toc148954325][bookmark: _Toc149909260]3.4.2 Sampling Unit
The sampling unit might be an individual, a social unit like a family, club, or a school, or it could be a geographical unit like a state, district, village, etc. (Kothari, 2004, p. 33). It could also be a construction unit like a home or flat. The sample unit of this study was households from three Shehia (Bububu, Kianga and Mwera Shehias) from one District (West A). This is because the households were the ones directly affected by the impacts of climate change.
[bookmark: _Toc516449675][bookmark: _Toc518337384][bookmark: _Toc148943462][bookmark: _Toc148954326][bookmark: _Toc149909261]3.4.3 Sampling Frame
A sample frame is a comprehensive inventory of every item or component in the population from which the sample is taken. Thus, according to Adam and Kamuzora (2008), a sampling frame is an exhaustive enumeration of all the units that make up the universe (population). In this study, the sample frame included households, Climate Change Institution and Meteorological Department, member of Zanzibar water authority (ZAWA) at national level, and District and Ward Executives. 
[bookmark: _Toc516449676][bookmark: _Toc518337385][bookmark: _Toc148943463][bookmark: _Toc148954327][bookmark: _Toc149909262]3.4.4 Unit Analysis
The unity of analysis refers to primary thing that is being examined in the study. According to Kothari (2004), a unity analysis in social science research comprises people (the most frequent group), groups, social organisations, and social artefacts. The unity analyses in this study were the heads of the households in the study locations.
The unity of analysis is the major entity that is being analyzed in the study. In social science research, a unity analysis includes individuals (most common), group, social organization and social artifacts (Kothari, 2004). In this study, the unity analyses were the heads of   the households in areas of study. 
[bookmark: _Toc148943464][bookmark: _Toc148954328][bookmark: _Toc149909263]3.4.5 Sample Size
[bookmark: _Toc516449677][bookmark: _Toc518337386][bookmark: _Toc148943465][bookmark: _Toc148954329][bookmark: _Toc149909264]3.4.5.1	Sampling Techniques
[bookmark: _Toc516449678][bookmark: _Toc518337387][bookmark: _Toc148943466][bookmark: _Toc149909265]3.4.5.2 Random Sampling 
Random sampling’ or ‘chance sampling was used for the purpose that every individual of the population got an equal chance of inclusion in the sample. For the households were selected randomly. This influenced easy access of data as Singh and Masuku (2014), said random sampling is a useful method because it simplifies accessibility of data compared to systematic sampling. This is because sometimes family members are missed to the planned households.
[bookmark: _Toc516449679][bookmark: _Toc518337388][bookmark: _Toc148943467][bookmark: _Toc149909266]3.4.5.3 Purposive Sampling 
Purposive sampling, sometimes referred to as judgement, selective, or subjective sampling, is a sampling method where the researcher uses his or her own judgement to pick individuals of the population to take part in the study (Saunders, 2012). For the case of this study key informants (Climate Change Institutions and Meteorological Department, member of Zanzibar water authority (ZAWA) at national level, and District and Ward Executives) were selected purposefully. This is because everyone was asked about the impacts of climate change on water resources based on his/her professional in their offices.
[bookmark: _Toc516449680][bookmark: _Toc518337389][bookmark: _Toc148943468][bookmark: _Toc149909267]3.4.5.4 Accidental Sampling
Convenience sampling, often referred to as availability sampling, is a particular kind of non-probability sampling technique that focuses on data collection from population members who are easily accessible to participate in the study (Saunders, 2012). In this study individual whoever found in the field were involved to participate in responding the question. This was done to save time because data collection facilitated in short duration of time.
[bookmark: _Toc506053127][bookmark: _Toc148943469][bookmark: _Toc148954330][bookmark: _Toc149909268]3.4.6 Sample Size Procedures
[bookmark: _Toc506052660]Sampling procedures are the steps involved in choosing the sample. A sample is a constrained portion of a statistical population whose characteristics are investigated in order to learn more about the entire population (Webster, 1985). It may be described as a group of respondents (people) chosen from a broader population for the purposes of a survey when referring to individuals.  The three selected Shehias had a total population of 35,812 people which is almost 9.7 of the whole West A district population of 370,645 people (URT, 2012). The calculation to get the total number of households for each Shehia has been worked as it is shown in Table 3.1 below.
[bookmark: _Toc149910037]Table 3.1: The Study on Population for Households Size
	
Shehia
	Total Number of Population
	Average Household Size
	Computation to get Number of Households
	Total Number of Households

	Bububu
	15,666
	5.4
	15,666/5.4
	2,901

	Kianga
	9,908
	5.0
	9,908/5.0
	1,982

	Mwera
	10,238
	5.1
	10,238/5.1
	2,008

	TOTAL
	35,812
	X
	X
	6,891


Source: Researcher's Own Construct (2018)
The following sample size formula developed by Kothari in 2004 and based on Precision Error and Confidence Level was used to estimate a proportion when calculating and determining the necessary sample size to be representative of the given population:
n = z². p. q 
     e²
Where z is the value of standard variety level score corresponding to 95% Confidence   
                   Interval = 1.96      
            p is the sample study assumed a population proportion of 50% since this     
                   provided the maximum sample size. Therefore, the value of p = 0.5 
                   q = 1 – p 
                   e is the precision error (+/-10%) 
                   n is size of sample
      From: n = z². p. q 
                             e²
                   n = (1.96x1.96) x (0.5x0.5) = 96.04 
                                  (0.1x 0.1) 
                   n = 96 
Therefore, 96 households were drawn from a household population of 6,891 to cover the sample size. Interviewed households from Bububu Shehia were 40 respondents while Kianga Shehia was 28 and Mwera Shehia were 28 respondents. The sampling frame for households' representative for each Shehia is shown in table 3.2




[bookmark: _Toc149910038][bookmark: _Toc506052661]Table 3.2: Sample Distribution for The Study Sites 
	Shehia
	Total Number of Households
	96 Proportional Representative Sample of Households
	Number of Households Sampled

	Bububu
	2,901
	2,901/6,891 X 96
	40

	Kianga
	1,982
	1,982/6,891 X 96
	28

	Mwera
	2,008
	2,008/6,891 X 96
	28

	TOTAL
	6,891
	X
	96


Source: Researcher's Own Construct (2018)

[bookmark: _Toc506053132][bookmark: _Toc148943470][bookmark: _Toc148954331][bookmark: _Toc149909269][bookmark: _Toc279948182]3.5 Methods of Data Collection 
The methods of data collection in this study were involved the types and sources of data and data collection methods and instruments.
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Both primary and secondary data about the effects of climate change on water resources were gathered for this study. According to Salant and Dillman (1994), "primary data" is defined as information that has been gathered personally from the actual scene. Through a field research that involved visiting the subject region, interviews, and a questionnaire, the primary data were acquired. Second-hand knowledge or information gleaned from various documents are both considered to be secondary data (Salant and Dillman, 1994). Reading the publicly released documents from TMA provided secondary data. In addition to the effects of climate change on the environment for human existence, both quantitative and qualitative data were gathered. On measuring quantity or amount, quantitative research is predicated. Any phenomenon that can be described in terms of quantity is applicable. Comparatively, qualitative research focuses on events that are related to or include quality or type (Kothari, 2004).
[bookmark: _Toc506053134][bookmark: _Toc148943472][bookmark: _Toc148954333][bookmark: _Toc149909271]3.5.2 Data Collection Methods and Instruments
To gather pertinent data, the research used questionnaires, structured interviews, and document analysis.
[bookmark: _Toc149909272]3.5.2.1 Primary data
The primary data for this research was collected through questionnaires and interviews.
[bookmark: _Toc148943473][bookmark: _Toc149909273][bookmark: _Toc487469646][bookmark: _Toc516449684][bookmark: _Toc518337393]3.5.2.1.1 Questionnaires  
Researchers administered questionnaire face by face to 96 respondents in 3 Shelia. 40 respondents from Bububu, 28 respondents from each Shehia of Kianga and Mwera.  Questionnaire pre-testing was done to achieve reliability and avoiding errors during data collection. Aspects covered were socio-economic characteristic of the respondents, temperature and rainfall trends from 1990 to 2018, the effects of temperature and rainfall changes on the management of water resources in the study area, and the perception of indicators of climate change and water sources by the local population were all covered.
[bookmark: _Toc478227358][bookmark: _Toc487469647][bookmark: _Toc516449685][bookmark: _Toc518337394][bookmark: _Toc148943474][bookmark: _Toc149909274]3.5.2.1.2 Interviews
Key informants were selected prior interviews. It has purposefully involved 4 interviewees; 1 key informant from ZAWA and 3 Shehia Executives. Issues interviewed were the effects of temperature and rainfall changes on water resources management in the study area and the local people’s perception of indicators on climate change and water sources.
[bookmark: _Toc149909275][bookmark: _Toc478227360]3.5.2.2 Secondary data
Secondary data was collected through documentary analysis method. This method was used to collect data from TMA on trend of temperature from 1990 to 2018, and trend of rainfall from 1992 to 2018 in Zanzibar.
[bookmark: _Toc487469650][bookmark: _Toc516449689][bookmark: _Toc518337398][bookmark: _Toc148943475][bookmark: _Toc148954334][bookmark: _Toc149909276]3.6 Data Analysis Plan and Presentation
Qualitative data was analysed using thematic analysis. After collecting data from interview the researcher transcribed verbal data and putting it together in to the text. Then the researcher read transcription three times to have familiarity of the data and getting codes for searching themes. The researcher used different colours in cording and then defining and naming, after that the researcher provided a descriptive justification by exploring and interpreting themes, findings obtained and finally the researcher wrote the report.
On other hand, SPSS version 22.0 and Microsoft Excel were used to analyse quantitative data. In order to establish statistical significance, the study employed the 95% confidence interval, 5% margin of error, and p value. Age, sex, education level, and economic position of respondents were among the factors used to compute and interpret descriptive statistics (%). Additionally, the spearman correlation was employed to determine the link between factors related to climate impacts and independent variables (socioeconomic traits and climate change experience).
[bookmark: _Toc516449691][bookmark: _Toc518337400][bookmark: _Toc148943476][bookmark: _Toc148954335][bookmark: _Toc149909277]3.7 Validity
Validity is defined as the measurement's accuracy or correctness in relation to the desired or planned outcomes (Seale, 2004). The research was planned and carried out within a four-month period, which was sufficient for respondents to provide answers. The collected data were valid because the study involved sample size of 96 respondents rather than a single people. These included households’ members and key informant interviewers. To ensure validity the questionnaires were pre-tested to both professionals (specialists in the field) as well as respondents. Also, the questionnaire was translated into Kiswahili, which the first language of the respondents and the answers were translated into English language for analysis and report writing. This is to guard against the threat of testing. In this case, the data acquired from 96 respondents were considered valid.
[bookmark: _Toc516449692][bookmark: _Toc518337401][bookmark: _Toc148943477][bookmark: _Toc148954336][bookmark: _Toc149909278]3.8 Reliability
Reliability is concerned with how consistently research methods provide their findings (Seale, 2004). It also has to do with how easily identical circumstances may be used to duplicate the findings. It is unlikely that a research of a comparable design would provide results that were significantly different, save from statistical differences (respondent numbers increasing or decreasing). The data collection instruments used in this study was suitable for measuring reliability. A pre-test of checklists and respondents’ questionnaire were done with 5 respondents before the beginning of the study. The respondents interviewed again within a two weeks during the final survey. Also, in this study, there were a space to openly listen to the participants during the interviews and the focus group discussion, given a holistic approach by the researcher to assess the situation of gender based domestic violence. Moreover, community cafes technique was applied to provide a room for discussion and reflection which was tracked through the reflective diary and which helped the reliability of the results. In this case, the instruments used were considered reliable.
[bookmark: _Toc516449693][bookmark: _Toc518337402][bookmark: _Toc148943478][bookmark: _Toc148954337][bookmark: _Toc149909279]3.9 Ethical Considerations and Procedure
[bookmark: _Toc516592390]The researcher had got an introductory letter from the Open University of Tanzania. The letter was presented to Prime Minister Office, and then got a letter which was presented to chief government statistician. Also, researcher got another letter which was presented to Urban West A District Offices. To confirm a researcher's ability to do study in the relevant Shehia, an official letter from the District Executive Director (DED) was then issued. Appointments were set up with the selected responders with the help of the District Offices. Both the workplaces of the key informants and the residences of the respondents were used for the interviews. The rights of persons and institutions were respected in terms of moral concerns. Prior to the interviews, the researcher first obtained the agreement of every respondent, and all respondents received guarantees about the privacy of their answers and the use of their data only for the study.




[bookmark: _Toc148943479][bookmark: _Toc148954338][bookmark: _Toc149909280]CHAPTER FOUR
[bookmark: _Toc487469652][bookmark: _Toc516449695][bookmark: _Toc516592391][bookmark: _Toc148943480][bookmark: _Toc148954339][bookmark: _Toc149909281]FINDINGS AND DISCUSSIONS
[bookmark: _Toc148943481][bookmark: _Toc148954340][bookmark: _Toc149909282]4.1 Introduction
This part presents the results of the study and discussions. The issue included in this chapter are social and economic characteristics of the respondents, the trends of temperature and rainfall from 1990 to 2018, causes of climate change, the effects of rainfall and temperature changes on water resources management in the study area and the local people’s perception of indicators on climate change and water sources, indicators of climate change and source of information that climate change is increasing.
[bookmark: _Toc516449696][bookmark: _Toc516592392][bookmark: _Toc148943482][bookmark: _Toc148954341][bookmark: _Toc149909283]4.2 Socio-economic Characteristics of Respondents
[bookmark: _Toc487469653]Table 4.1 shows that, socio-economic characteristics of the respondents were varied across the study areas. On average, most of them 56.2% (n=96) were males and 43.7% females. This scenario could have happened by chance. As for ages, the majority (83.2 %) were aged between 18-59 years implying that, they were still economically active. With regard to economic activities, 27 % of them were engaged in petty business (selling soup, foods and clothes), and 18.7% in agriculture. This implied that, most of them could possess moderate in income from those activities. They could neither extremely poor nor rich. In terms to education, 59.3% of them had attained secondary education, and a few of them (18.7%) were pursuing bachelor degrees. This implied that, they were literate enough particularly on issues demanding broad understanding and for critical analysis. 

[bookmark: _Toc149910039]Table 4.1: Socio-Economic Characteristics of the Respondents
	 
	Sex  (n=96)%
	Age 
 (n=96) %
	Education level
 (n=96) %
	Economic activities 
(n=96) %

	 
	
	
	
	

	 
	
	
	
	

	SHEHIA
	M
	F
	18-35
	36-59
	60<
	PE
	SE
	CU
	IE
	AG
	BS
	PS
	ST
	HM

	Bububu
	20
	20
	13
	18
	9
	11
	22
	 7
	8
	7
	12
	4
	4
	5

	Mwera
	18
	10
	16
	9
	3
	2
	19
	7
	5
	3
	10
	5
	2
	3

	Kianga
	16
	12
	13
	11
	4
	8
	16
	4
	6
	8
	4
	4
	3
	3

	Average
	56.2
	43.7
	43.7
	39.5
	16.6
	21.8
	59.3
	18.7
	19.7
	18.7
	27
	13.5
	9.3
	11.4



Source: Field Survey Data, 2018.

n=sample, M=male, F=female, PE=primary education, SE=Secondary education, CU=college/university level, IE=informal education, AG=agriculture, BS=business, PS=public servant, ST= student, HM= house mother and % percentage. 
[bookmark: _Toc148943483][bookmark: _Toc148954342][bookmark: _Toc149909284]4.3 Trends of Temperature and Rainfall from 1990 to 2018
[bookmark: _Toc148943484][bookmark: _Toc148954343][bookmark: _Toc149909285]4.3.1 Trend on Rainfall from 1992-2018
The Figure 4.1 presents the data of average annual rainfall from 1992 to 2018 in Zanzibar. The average annual rainfall was 160.4 mm for the year 1992, 131.5 mm; 1993, 141.8 mm; 1994, 134.1; 1995 and so on. This is shown in Figure 4.1 below. 

[bookmark: _Toc149910117]Figure 4.1: Annual Total Rainfall
Source: Field Study (2019)
The results of analysis of rainfall data obtained from TMA shows that the average annual rainfall ranged between 58.6 mm to 204 mm from 1992 to 2018. There was higher rainfall in the years 1997, 1998 and 2007. The lowest rainfall was experienced in the years 2003, 2012 and 2013. In general, there are fluctuations in rainfall which is an indicator of climate change. The results lined with respondents’ responses that the rainfall fluctuates and causes a lot of impact on water resources.
It is discovered that humidity has risen by 0.15% year. The largest variation, 4%, between the greatest and lowest yearly average humidity was noted throughout the research period. Considering four seasons, it is found that at the winter was the highest rainfall occurring season during 26 years which has been shown in the Figure 4.1 given. 
[bookmark: _Toc148943485][bookmark: _Toc148954344][bookmark: _Toc149909286]4.3.2 Trend on Temperature from 1998 – 2018
Before you present people’s perceptions or awareness of climate change, you should present data from meteorological stations station 
[bookmark: _Toc149909287]4.3.2.1 Maximum Temperature
The findings obtained from TMA shows the trend of average of maximum temperature of Zanzibar for 21 years; from 1998 to 2018.  In the year first year; 1998 the maximum temperature average was 30.9 ˚C and in the last year; 2018 the average of maximum temperature was 30.8 ˚C as shown in Figure 4.2 below.

[bookmark: _Toc149910118]Figure 4.2: Annual Maximum Temperature  
Source: Field Study (2019)

The data analysis obtained from TMA shows that the annual maximum temperature ranges between 30.2 ˚C to 31.7 ˚C from 1998 t0 2018. The highest maximum temperature was observed in years 2011, 2015, 2016 and 2017 with the maximum temperature of 31.3 ˚C, 31.4 ˚C, 31.7˚ C and 31.5˚C respectively. The lowest maximum temperature was observed in 1999, 2002, 2004 and 2006 with maximum temperature of 30.5 ˚C, 30.2 ˚C, 30.5 ˚C and 30.4 ˚C respectively. This data indicates the fluctuation of maximum temperature in Zanzibar region between years 1998 - 2018 and the rapid rise of temperature from 2009 - 2018 compared to 1998 - 2008. 
[bookmark: _Toc149909288]4.3.2.2 Minimum Temperature
The data obtained from TMA presents the data of the trend of minimum temperature of Zanzibar for 21 years. The data starts 1998 to 2018 where in 1998 the average of minimum temperature was 22.7 ˚C, in 2008 the average minimum temperature was 23 ˚C and in 2018 the average of minimum temperature was 23.7 ˚C.  This is clearly shown in Figure 4.3 below.

[bookmark: _Toc149910119]Figure 4.3: Annual Minimum Temperature
Source: Field Study
The analysis of observed data from TMA reveals that the minimum temperature ranged between 22.1 ˚C to 23.9 ˚C from 1998 to 2018. The highest minimum temperatures observed in the years 2013, 2014, 2015, 2016 and 2018 with minimum temperatures of 23.7 ˚C, 23.8 ˚C, 23.9 ˚C, 23.9 ˚C and 23.7 ˚C respectively. The lowest minimum temperatures were observed in the years 1998, 1999, 2000, 2001 and 2017 with minimum temperatures of 22.7 ˚C, 22.2 ˚C, 22.4 ˚C, 22.5 ˚C and 22.1 ˚C respectively. These results indicate that minimum temperature rose more in recent years, 2010 – 2018 rather than previous years, 1998 – 2009. This is evidence that currently there is global rise of temperature (climate change) which affects water resources by decreasing volume of water in water sources.
Based on analysis of time series data on temperature in study area, change of mean
maximum temperature is a true indicator of climate change in the study area, which
contributed to change of ecological nature for many organisms living and water resource in the area. (Hulme et al., 2001), explained that currently African climate is warmer compared to 100 years ago. Model-based projections of the continent's future climate change caused by greenhouse gases clearly indicate that warming will continue and, in most scenarios, increase, with the continent potentially warming by 2–6°C on average in 100 years. By 2100, Africa may see temperature rises of 1.0° to 4.7°C, decreases in rainfall of 2 to 25%, increases in evapotranspiration of up to 132 percent, and reductions in runoff of up to 50% (Hulme, 1996). WMO (2007) also noted that a record of observations is accumulated when weather phenomena are measured methodically at a specific location over a period of years, allowing for the computation of averages, ranges, maximum measurements, and minimum measurements for each variable as well as the frequency and duration of more extreme events. 
[bookmark: _Toc148943486][bookmark: _Toc148954345][bookmark: _Toc149909289]4.4 People Perceptions on Indicators of Climate Change and Water Resources 
[bookmark: _Toc149909290]4.4.1 Perception on Changes in Flood Pattern
This research explored the effect of floods to the community. The study results in Figure 4.6 show that majority of the respondents (41.6%) from all Shehias said floods has increased, followed by 18% of the respondents who said that there is fluctuation of floods and 11.4% who said they have never experienced any event of floods events. 

[bookmark: _Toc149910120]Figure 4.4: Perception of Change in Flood Pattern
Source: Field Study (2019)
According to the results of this study, the high increasing rate of the floods has been revealed to all the three Shehia and each household seems to experience the increase of floods in their areas. This is mostly due to increasing precipitation intensity and other noted climatic changes, which result in extremely wet low-pressure systems that frequently produce floods (Kron & Berz, 2007). Similar findings have been reported in Bangladesh where 70% of the areas of the country flooded (in contrast to an average value of 20–25%) (Clarke & King, 2004). 
[bookmark: _Toc148943487][bookmark: _Toc149909291]4.4.2 Perception on changes in Rainfall Variability
The findings in Figure 4.7 show the responses of the respondents when they were asked about the impact of rainfall variability in their Shehias. Their responses were as follow: the rainfall variability has been always fluctuating (22.9%), they know nothing about rainfall variability (21 %), there has been decreasing of rainfall variability (20.8%), there is increasing of rainfall variability (19.7%) and no changes in rainfall variability experienced (15.6%). The findings indicate that majority of the respondents argued that rainfall variability fluctuates and this may have great impact on water sources. The supply of water in rural regions, especially drinking water, is severely hampered by rainfall unpredictability in some parts of Africa, which has led to catastrophic droughts and floods. This holds true for earlier research that has emphasised the link between rainfall variability and water access, as well as demand and quality. As an illustration, the study by Calow et al. (2010) shows that during the dry season, access to clean drinking water can be a serious issue due to water access, availability, and regulation of consumption. While eco-social processes may have an impact on access, seasonal fluctuations in rainfall affect the availability of water (Bisung et al., 2015). Additionally, some studies show that contamination changes with season and that there is a definite tendency towards faecal contamination being more prevalent during the rainy season (Kostyla et al., 2015).

[bookmark: _Toc149910121]Figure 4.5: Perception of Changes in Rainfall Variability
Source: Field Study (2019)

[bookmark: _Toc148943488][bookmark: _Toc149909292]4.4.3 Perception on Changes in Temperature Pattern
In the side of temperature, the study’s results show that 43.7 % of the respondents asserted that temperature increased, 15.6% observed the decrease of temperature, 19.7% fluctuation of temperature, 6.4% said no change and 14.6% they do not know. The findings of this study indicates that majority of the respondents are of the opinion that the temperature has been increasing in their communities whereas few of the respondents said there is no change in temperature. This reveals that the respondents are aware on how temperature has been affecting much the water resources in their communities. According to projections made by the Intergovernmental Panel on Climate Change (IPCC, 2007), the average surface temperature of the Earth would likely rise by 3.2 to 7.2 degrees Fahrenheit (1.8 to 4.0 degrees Celsius) by the end of the 21st century in comparison to 1980 to 1990. The IPCC (2007) claims that changes in precipitation and atmospheric moisture are quite likely to result from an increase in the average global temperature, more temperatures alter the atmospheric circulation, increase evaporation, and produce more water vapour, which leads to more precipitation, more severe precipitation, more storms, and a rise in sea level. Water temperatures will rise along with air temperatures. Numerous aquatic ecosystems may suffer as a result of rising water temperatures and related water pollution issues.
		
[bookmark: _Toc149910122]Figure 4.6: Perception on Changes in Temperature Pattern
Source: Field Study (2019)
[bookmark: _Toc148943489][bookmark: _Toc149909293]4.4.4 Perception on Changes in Rainfall Pattern
The findings in Figure 4.9 below show that when the respondents from all Shehias were asked about their views on rainfall trend their responses were as follows: 36.4% rainfall has increased, 20% rainfall has decreased, 17.6% rainfall has been fluctuating, 15.6% they do not have any idea and 10.4% there is no change in rainfall availability. According to the finding of this study majority of the respondents experience the increases of temperature in their areas where by few of them have the idea that there is no know change in rainfall availability. This signifies that the people from communities have awareness on the increases of rainfall in their areas.
Due to climate change there is increased evaporation rates, a higher proportion of precipitation received as rain, rather than snow, earlier and shorter runoff seasons, increased water temperatures, and decreased water quality in both inland and coastal areas. Increased evaporation rates are expected to reduce water supplies in many regions. The summer is predicted to have the worst deficits, which will result in lower soil moisture levels and more frequent and severe agricultural droughts. Users of water resources may face substantial management issues as a result of more frequent and severe droughts brought on by climate change. Recent extended droughts in the western and southern United States, which are believed to have cost the agricultural and municipal sectors more than $6 billion in damages, serve as a stark reminder of how susceptible agricultural producers and metropolitan regions are. Such droughts also have an impact on the expense of controlling wildfires as well as the loss of resources like wood.

[bookmark: _Toc149910123]Figure 4.7: Perception on Changes in Rainfall Pattern
Source: Field Study (2019)

[bookmark: _Toc148943490][bookmark: _Toc149909294]4.4.5 Perception on Changes in Drought Pattern
The findings in Figure 4.8 below show that 35.4% of respondents from three Shehias admitted that drought has increased, 23% drought has decreased, 20.8% there is drought fluctuation, 11.4% no change and 9.4% they do not know. According these findings majority of the respondents argued that the drought has increased a lot in their communities. This indicates that climate change has led to great impact on water resources as now they experience increased drought. This discovery was comparable to that made by Kabat and Schaik in 2003, who demonstrated how droughts may affect people's livelihoods both directly and indirectly. Crop loss is a direct result that, if no other food sources are available, might result in hunger. Because individuals lack access to water for basic hygiene, water shortages indirectly aid in the spread of illness.

[bookmark: _Toc148943491][bookmark: _Toc149910124]Figure 4.8: Perception on Changes in Drought Pattern
Source: Field Study (2019)

[bookmark: _Toc148943492][bookmark: _Toc148954346][bookmark: _Toc149909295]4.5 Causes of Climate Change
The study's participants came to the conclusion that deforestation, the keeping of vast numbers of animals, industrial activities, a rise in the atmospheric concentration of greenhouse gases, the use of biomass, the burning of fossil fuels, and agricultural activities were the main contributors to climate change (Figure 4.9).        


[bookmark: _Toc149910125]Figure 4.9: Perceived causes of climate change
Source: Field Study (2019)
Use of fossil fuels was one of the causes of climate change pointed out by 16.2% respondents. Other respondents had the view that, Agricultural activities also cause climate change as rated by 10% of the overall respondents. Use of biomass reported to another cause of climate change 26.7%. Similarly, some of the respondents pointed out Deforestation other cause of climate change as rated 20.8%, Keeping large number of animals 15%, Industrial activities 18.3%, and increased greenhouse gases 29%, as show in table 4.9.
Shayo (2006) reported that human actions, such as the combustion of fossil fuels and the conversion of land for forestry and agriculture, can also contribute to climate change. The analysis provided more confirmation that these human impacts on the climate system have grown significantly since the start of the Industrial Revolution.The HDR (2008) supported that these activities alter the land surface and release different pollutants into the atmosphere. These, in turn, can affect the quantity of incoming energy and the amount of exiting energy, which can have both warming and cooling impacts on the climate. According to Wisser et al. (2010), the natural greenhouse effect has been strengthened as a result of the accumulation of greenhouse gases in the atmosphere.  The results showed that this human-induced increase of the greenhouse effect is a matter for worry since continuous greenhouse gas emissions have the potential to cause the planet to warm to levels that have never been seen in the history of human civilisation. According to Lopez-Moreno et al. (2008), such climatic change may have long-lasting and/or unanticipated effects on the environment, society, and economy.
On other hand, interview was used to obtain information concerning causes of climate change. When TMA and Climate change institutions asked about factors of climate change they stated that climate change is caused by various factors including the following: agricultural activities where by people cut down forests to create farms, this causes lead to emission because if the trees are cut they release the carbon they have stored. Forests absorb carbon dioxide, so cutting them down reduces nature's capacity to keep emissions out of the sky. Another factor is industrial activities, manufacturing of goods has been among major reason for climate change specifically due to the burning of fossil fuels for producing energy in order to make products like iron, cement, clothes and other goods. Furthermore, volcanic activities are also a factor for climate change as volcanic eruptions always release large quantities of carbon dioxide. When an eruption happens, it may spew particles like SO2 into the high atmosphere, where they may reflect enough sunlight back into space to chill the surface.
[bookmark: _Toc148943493][bookmark: _Toc148954347][bookmark: _Toc149909296]4.6 Effects of Climate Change on Water Resource Management
Respondents were asked to identify the effects of climate change in the study areas. The results determined that Increased the volume of water in well and springs, Decreased the volume of water in well and springs, Damaged sources of water, Increased flood risks, Increased pressure on fresh water, increased in water borne diseases (Figure 4.10).

[bookmark: _Toc149910126]Figure 4.10: Effects of Climate Change
Source: Field Study (2019)

Results in Figure 4.10 have showed increased pressure on fresh water as one among the effects of climate change on water resource management. The study conducted by Pechlivanidis et al. (2016) asserted that, multiple environmental aspects are being impacted by climate change, and this, together with socioeconomic developments, places great stress on water supplies. Similar issues with India's water supplies have prompted a number of research with the goal of forecasting future effects of climate change on the hydrological cycle (Dhar and Mazumdar; 2009). According to Jung et al. (2011), in order to forecast future stress on water resources, it is crucial to take into account both hydrological changes brought on by climate change and the rise in water demand and decline in water supply brought on by socio-economic changes.
Another impact of climate change on the management of water resources was noted to be 12.5% higher flood risks. Another effect is the flooding of pumping stations and/or treatment facilities that are adjacent to rivers or in open areas. The results of this investigation supported the idea that decreasing pollutant loads in rivers had an impact on water quality as well. When not properly constructed and operated, this rendered basic therapy ineffective. According to Kundzewicz et al. (2013), human climate change has led to an increase in worldwide flood frequency and amplitude. Globally, the danger of flooding has increased, according to trends in severe precipitation and stream flows (IPCC, 2014). More so, Increased the volume of water in well and springs pointed out by 16.7% as other impacts of climate change. Results from respondents revealed that, the immediate impact of climate change relates to increased water stream at intake facilities, which need proper physical protection. According to Wada et al. (2013), climate change will result in an increase in rainfall variability, which will modify some climate-related phenomena including increased stream flows and reduced surface runoff.
This results is contrarily to Yanda (2005) who found that, changes in water flow in these basins have already had an effect on the socioeconomic system and the environment, such as reduced HEP production, reduced biodiversity, decreased agricultural productivity (due to irrigation projects, for example), residential water shortage, etc. All of these exacerbate difficulties in already poor areas. Similar to this, Orinda and Murray (2005) found that Lake Victoria has already seen the effects of climate change and that its water level would probably fluctuate in the future.
Furthermore, 6.7% of the overall respondents revealed that, decreased the volume of water in well and springs is another effect of climate change on water resource. The findings of this study have revealed decreased discharge in water sources. In an ensemble-based analysis, Taylor et al. (2013) examined meteorological, agricultural, and hydrological droughts and predicted that the frequency of drought episodes will rise 18–30% in the coming years. The study also hypothesised that droughts brought on by climate change will reduce water output (Piniewski et al. 2013). Additionally, according to Wada et al. (2013), 8% of the world's population would face acute water scarcity if temperatures rose by 1°C. 14% of the world's population will be impacted if the temperature rises by 2°C. Moreover, increased in water borne diseases revealed by 6.7% of the total respondents as other effects of climate change on water resource management. According to report of United Republic of Tanzania (2007) stated that, It is well recognised that climatic fluctuation is a major factor in the spatial distribution and reproduction of the disease-carrying vectors in Tanzania. The paper went on to say that while schistosomiasis and trypanosomiasis will become more prevalent due to warmer climates, typhoid and cholera will become more prevalent due to more frequent flooding and droughts (URT, 2007). Damaged sources of water identified by 9.2% of the overall respondents as other effect of climate change on water resource. A study conducted in United State revealed that, In the American Great Plains, surface water resources have been declining since 1980, which has led to a 12% decrease in irrigated cropland (Dugan et al., 1994).  Aquifer depletion has occurred as a result of rapidly expanding groundwater usage as a result of declining surface water supply. For instance, the Ogallala aquifer has lost 16.6 million acre-feet since 1940 due to inadequate recharging (Rosenberg et al., 1999).
Additionally, Increased the occurrence of El Nino pointed out by 7.5% respondent to be other effects of climate change on water resource. This affects the rainfall patterns in the study area. Kijazi and Reason (2005) reported that El Nio/la Nina also has an influence on Tanzania's coastal rainfall, especially during the Vuli and Masika seasons, when it affects intra-seasonal variability.  However, compared to the southern (80 -12 S) locations, the effects are more noticeable on the northern (4o 8o S) Coastal areas. Over the northern coastal region, La Nina generally causes lesser rainfall while El Nio generally results in average rainfall, with the Vuli season and Masika seeing the most influence. Longer rainy seasons during El Nio and later rain during La Nina are mostly to blame for these consequences.
In addition to that, interview was used to Zanzibar Water Authority (ZAWA) in order to obtain more detailed information on this objective. When ZAWA asked about effects of climate change on water resources they asserted that climate change has led to the following effects: firstly, decrease in volume of water as a result of increased evaporation rates always reduces water supplies in many areas. This has great impact to water sources users specifically to those engaged in agricultural activities since it leads to decreased soil moisture levels and more frequent and severe agricultural drought. The second impact of climate change is that both interior and coastal source sites have decreasing water quality. This is a result of enhanced flow and erosion brought on by precipitation occurring more frequently in the form of intense downpour events. In the course of this process, streams and subterranean water systems get additional sediments and chemical discharge, which lowers the quality of the water. Also decreasing of quality may be caused by rising sea levels which affects not only water quality and availability in coastal areas but also groundwater quality through salt water intrusion. Another consequence of rising air and water temperatures is pollution, which eventually reduces the quantities of dissolved oxygen in lakes and streams by boosting primary production, organic matter breakdown, and nutrient cycle rates. Lastly, water borne disease arises due to temperature rise and floods resulting from intense rainfall events which lead to increased exposure of pathogens. Examples of water borne diseases which arise because of climate change are cholera, typhoid, diarrhoea, hepatitis and malaria.
[bookmark: _Toc148943494][bookmark: _Toc148954348][bookmark: _Toc149909297]4.7 Major Sources of Water
Respondent were required to specify the major sources of water for their households. The results showed that, most of the respondents use tap as a source of water for their consumption as rate by 44.01% of overall respondents. Others 30.4% pointed out constructed well as another source of water in which people use for their domestic consumption as depicted in Figure 4.11 below.

[bookmark: _Toc149910127]Figure 4.11: Major Sources of Water
Source: Field Study (2019)

Furthermore, the interview was used to obtain information pertaining to major sources of water from Zanzibar Water Authority (ZAWA) and Sheha of Shehias of the study areas. The results revealed that there are various water sources used by inhabitants of those areas. Among these sources are tapes which are widely spread on the communities, followed by wells which were constructed from people donations due to water scarcity. Other sources are drilled ground water and springs like that found at Mwanyanya area. The study also showed that the number of water sources is high but most of them are useless. The springs are drying up and some tapes are no longer used. For instance one of the Sheha said (My translation)
”…..Here in my village we use water from tapes even though most of them are no longer used now, but the dominated source of water which is now useful is wells, the wells were constructed by people themselves who decided to donate each other (July 9, 2019, Bububu)
[bookmark: _Toc148943495][bookmark: _Toc148954349][bookmark: _Toc149909298]4.8 Indicators of Climate Change
Respondents were required to identify what were the indicators of climate change in the study areas. The results revealed that, Rainfall coming rate in the seasons (0.1%), Rainfall coming too early in the seasons (4%), Increased rainfall amount (0.3%), Decreased rainfall amount (14.8%), Rainfall coming unpredictable (12.2%), Increased incidences of floods (1.3%), Increasing temperature (21.7%), Drying of natural water springs and wells (13.4%) and Drying of natural streams and reduced river flows (1.4%) were the indicators of climate change as shown in Figure 4.12 below

[bookmark: _Toc149910128]Figure 4.12: Indicators of Climate Change
Source: Field Study (2019)

According to research, 80% of the world's population already faces challenges related to water security because of rising water demands, declining supplies, and pollution (Vörösmarty et al. 2010). Water availability may fluctuate due to climate change, which might have an impact on water security. Studies have shown that fresh water supplies will decline, particularly in Mediterranean regions (Ludwig et al. 2011) and southern Africa, and that water availability variation would rise in southern and eastern Asia (IPCC, 2014). However, in certain places of the world, greater surface runoff will prevent a rise in the need for agricultural water. 
Similar to this, Wada et al. (2013) predicted that 8% of the world's population would face acute water scarcity if temperatures rose by 1°C. A 2°C warming will have an impact on 14% of the world's population. Rainfall variations will rise as a result of climate change, and these variations may affect some climate-related occurrences including higher stream flows and decreased surface runoff due to lessened snow and ice accumulations. The studies supported the idea that climate change will influence temperature, precipitation, and radiation time, and that these changes will have an impact on the water requirements of vegetation that is irrigated or fed by precipitation. However, according to other studies, the future changes in water needs in agricultural regions would only be extremely slight (Zhang and Cai, 2013). Rain fed rivers are particularly vulnerable to the effects of climate change.
Due to reduced stream flows and prolonged and acute droughts, the necessity for human-developed water depots will expand. With lower summer flows predicted in many semi-arid and Mediterranean river basins, hydrologic research of climate change scenarios suggests potential stream flow reductions in certain regions, increasing flood frequencies in other areas, and changes in the seasonal pattern of flows (Amiraslany, 2010). On the other hand, public and household toilets were broken and traditional water wells were flooded making the area susceptible to malaria and diarrhoea diseases. Water distribution is impacted in areas where infrastructure is impacted by climate, whether it be through heat stress on water sources or an increase in the frequency of flood events that devastate infrastructure (Abdulai and CroleRees, 2001). During the interview, the key informants were asked if they have experienced any changes in weather patterns in their areas. The general responses showed that currently there is decline in rainfall in all three Shehias compare to previous years which has led to decrease in amount of water in some water sources. For example, one of the key informants said (My translation)
“…. For twenty years I have been living in this place, and I see there is difference between amounts of rainfall we experience these days and that we experienced eight years ago, so now the weather has changed totally that is why we even suffer from water scarcity” (July, 14, Kianga)
The results also revealed that there is an increase in amount of rainfall received in some areas. Currently some areas experience high rainfall, the condition that is very different from that of several years ago. The key informants argued that the increased amount of rainfall has led to floods in their areas which eventually make people to shift from their houses to other places for their safety. They added that due to excess rainfall received in their areas there is now pollution of the underground water through impurities penetrated either direct or indirect to groundwater sources.
[bookmark: _Toc148943496][bookmark: _Toc148954350][bookmark: _Toc149909299]4.9 Source of Information that Climate is Changing
Respondents were asked further to identify how they got such information. Results have showed that, 95.8% of them have got the information through media such as radio, television, newspaper,  89.1% street meeting, 42.5% told by fellow inhabitants (their neighbours, friends) 56% TMA, and 25% witnessed themselves the gender based domestic violence’s occurred (Figure 4.13). 
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[bookmark: _Toc149910129]Figure 4.13: Sources of Information that Climate is Changing
Source: Field Study (2019)
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CHAPTER FIVE
[bookmark: _Toc148943498][bookmark: _Toc148954352][bookmark: _Toc149909301]CONCLUSION AND RECOMMENDATION
[bookmark: _Toc148943499][bookmark: _Toc148954353][bookmark: _Toc149909302]5.1 Introduction 
This area includes summary of the study’s findings, conclusion and recommendation of the study.
[bookmark: _Toc148943500][bookmark: _Toc148954354][bookmark: _Toc149909303]5.2 Summary of findings 
The main objective for this research was to assess the impact of climate change on water resources management in three Shehia of Bububu, Kianga and Mwera of West A district Zanzibar. However, this main objective was categorized into specific objectives. The summary of the results according to research objectives are as fellows.
The majority of the respondents (56.2%) of whom were men and aged between 18 and 59, had completed secondary school (59.3%); only 18.7% had completed a degree programme. In addition, 27% were engaging in petty business. Average annual rainfall in Zanzibar ranged between 8.6 mm to 204.9 mm in 1992 - 2018. In terms of temperatures, maximum temperature ranged between 30.2 ˚C to 30.7 ˚C in 1998 – 2018 and minimum temperature ranged between 22.1 ˚C to 23.9 ˚C in 1998 – 2018. 
The results on respondents’ perceptions of rainfall and temperature reveal that majority of the respondents were of the opinion that floods has increased 41.6%, rainfall variability has been always fluctuating 22.9%, temperature has increased 43.7% and rainfall has increased 36.4%, drought has increased 35.4%. Also, the study discovers the causes of climate change including deforestation to create farms, volcanic activities, keeping large number of animals, industrial activities, increased greenhouse gases in the atmosphere, uses of biomass, uses of fossil fuels and agricultural activities. Furthermore, the study highlights the effects of climate change on water resources; increases and decreases of the water volume in well and springs, increases of flood risks, increases in pressure on fresh water, damage in source of water, decrease in water quality, contamination, increases in water bones disease increases in occurrences of El Nino.
Additionally, the results show sources of water in three Shehia of West A district. These sources are tape, well, pond/spring, drilled groundwater, dam and stream. However, majority of respondents 44.1% said that they use tape as a major source of water while few of the respondents 2.8% said that they use dam as a major source of water. Moreover, the results on indicators of climate change shows that most of the respondents 21.7% argued that increasing in temperature is a major indicator of climate change and some few respondents 0.1% argued raining coming as an indicator of climate change. Lastly, the data of the study shows the source of information about the changing of climate. Majority of the respondents 95.8% stated that they get information their radio, television and newspapers while few of them said they obtain information by their own observation. 
[bookmark: _Toc148943501][bookmark: _Toc148954355][bookmark: _Toc149909304]5.3 Conclusion
The main objective of this research was to assess the impact of climate change on water resources management in three sheiks of West A district in Zanzibar. The selected sites for data collection were Bububu, Kianga and Mwera. The study found that communities in all three areas were found to be facing an intensifying climate change. The rising warmth and precipitation are signs of this climate change. The study suggests that there are several impacts of climate change on water supplies that individuals in their communities face, which is relevant to this issue. However, level of impact differs from water sources. Lakes and streams seem to be more affected than other water sources. Also those who engage in agricultural activities tend to be more vulnerable of these impacts than those who engage in other activities. This shows that, the communities lack adequate enough water for their domestic and agricultural uses. The study furthermore, discovered the trends of temperature and rainfall from different years, unfortunately these trends indicates the rapid rise of climate which affects water sources. Moreover, the study discovered people’s perceptions of climate change, and they highlighted several indicators to prove that climate is changing,   
[bookmark: _Toc148943502][bookmark: _Toc148954356][bookmark: _Toc149909305]5.4 Recommendations 
1. In order for students to learn about the effects of climate change on water supplies, the government should make sure that the topic is introduced and emphasised in school curricula. Communities should also urge their children to attend school.
1. In order to prevent overcrowding, which contributes to flooding and eventually destroys water supplies in communities, the government should assure the physical design and development of infrastructure in both urban and rural regions.  
1. In order to implement various measures to lessen the effects of climate change, including tree planting, the community must work together and take use of local opportunities.
1. The majority of people in Zanzibar have extremely low incomes, so the government and other stakeholders should support communities financially and materially so that they can use anti-climate change measures and enhance household capacity to use stronger mitigation measures.
1. For further studies, other researchers should focus on assessing policies related to climate change and its impacts on water resources. In addition the researchers must focus on assessing community adaptation strategies to impacts of climate change on water resources.
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[bookmark: _Toc485284899]Appendix 1 :  General Survey Questionnaire
Respected Respondent, Maryam Said Nyanga cordially invites you to take part in one of her academic research projects. This study's goal is to provide a thorough analysis of how climate change is affecting how households manage their water resources so that government regulations for doing so may be built upon it. Please note that the questionnaire will not include your name, and the information you provide will be kept completely private. In addition, only academic goals will be served by the study's findings, which may also be published in a journal. 
……………………………….                      ………………………
     Respondent’s Signature                                           Date
[bookmark: _Toc485284900]






Appendix 2   :  Questionnaire for Households
General Information of Household
Name of interviewer ……………………………………………..
Date of Interview .......................... Questionnaire number ………….
District ………………………Shehia……………………………..
Sub-shehia …………………………………………………..
Section A: Demographic characteristics of the respondent:
Please tick (√) the appropriate answer in space provided in this questionnaire.
 Sex of the head of household: 1 = Male   (    )       2 = Female   (    )     
Marital Status: 
1= Single 	(   )          2= Married   	(   )
3= Divorced  	(   )         4= Widowed             (   )
How many people live in this household?
1=(   ),  2=(   ),  3=(   ),  4=(   ),  5=(   ),  6=(   ), 7=(   ), 8=(   ), 9 and above=(   
Age of head of household in years 
            1 = 11 – 20 years   (   )    2 = 21 – 30 years    (   )    3 = 31 – 40 years    (   )
            4 = 41 – 50 years   (   )    5 = 51 – 60 years   (   )     6 = above 60 years   (   )         
 Highest level of education attained 
           1 = No schooling (   )    2 = Adult Education (   ) 3 = Primary Education (   )
          4 = Secondary Education (   )          5 = Above Secondary Education   (   )
Occupation of head of household 
           1 = Manager/Administrator  	(   )        2 = Technical   (   )
           3 = Formal trade  (   )                            4 = Teacher/Clerk  (   )
           5 = Messenger  	(   )                    6 = Informal business  (   )
          7 = Smallholder farmer  (   )
           8 = Other  (specify) .................................................................................

Section B:  Trends on Climate Change
Please tick (√) the appropriate answer and fill the blanks in space provided in this questionnaire. 
11.   Do you know the meaning of climate change?   1. YES (   )        2. NO   (   )
12. Have you noticed any change in rainfall patterns in summer season from the year 2005 to 2015?
	S/N
	Events
	Tick (√)
	

	1
	No change
	 
	

	2
	It has significantly decreased
	 
	

	3
	It has slightly decreased
	 
	

	4
	it has slightly increased
	 
	

	5
	it has significantly increased
	 
	

	6
	Number of rainy days has increase
	 
	

	7
	Number of rainy days has decreased
	 
	



13. Have you noticed any change in rainfall patterns in winter season from the year 2005 to 2015?
	S/N
	Events
	Tick (√)
	

	1
	No change
	 
	

	2
	It has significantly decreased
	 
	

	3
	It has slightly decreased
	 
	

	4
	it has slightly increased
	 
	

	5
	it has significantly increased
	 
	

	6
	Number of rainy days has increase
	 
	

	7
	Number of rainy days has decreased
	 
	






14. Have you noticed any change in summer season temperature from the year 2005 to 2015?
	S/N
	Events
	Tick (√)
	

	1
	No change
	 
	

	2
	It has slightly warmed
	 
	

	3
	It has significantly warmed
	 
	

	4
	It has slightly cooled
	 
	

	5
	It has significantly cooled
	 
	



15. Have you noticed any change in winter season temperature from the year 2005 to 2015?
	S/N
	Events
	Tick (√)
	

	1
	No change
	 
	

	2
	It has slightly warmed
	 
	

	3
	It has significantly warmed
	 
	

	4
	It has slightly cooled
	 
	

	5
	It has significantly cooled
	 
	







Section C:  Effects of Climate Change
Please tick (√) the appropriate answer in space provided in this questionnaire. 
16. What changes on weather patterns have you observed from 2005 to 2015?
	S/N
	Changes
	Increase
	Decrease
	Fluctuating
	No Change
	I don’t know

	1
	Temperature
	 
	 
	 
	 
	 

	2
	Rainfall
	 
	 
	 
	 
	 

	3
	Drought
	 
	 
	 
	 
	 

	4
	Rainfall variability
	 
	 
	 
	 
	 

	5
	Floods
	 
	 
	 
	 
	 



17. What do you think are the causes of Climate Change in your area?
	S/N 
	Event
	Tick (√)

	1
	Deforestation
	 

	2
	Keeping large number of animals
	 

	3
	Industrial activities
	 

	4
	Increased greenhouse gases in the atmosphere
	 

	5
	Use of biomass (firewood and charcoal)
	 

	6
	Use of fossil fuels
	 

	7
	Agricultural activities
	 

	8
	I don’t know
	 




18. What are the effects of Climate Change in water resources in your locality?
	S/N 
	Event
	Tick (√)

	1
	Increased the volume of water in well and springs
	 

	2
	Decreased the volume of water in well and springs
	 

	3
	Increased flood risks
	 

	4
	Increased pressure on fresh water
	 

	5
	Increased in water borne diseases
	 

	6
	Damaged sources of water
	 

	7
	Increased the occurrence of El Nino
	 


Section D:  People's Perception on Climate Change
Please tick (√) the appropriate answer in space provided in this questionnaire. 
19. What are the major sources of water for your household?
       1= Tape (    )     2= Constructed well   (    )     3= Pond/Spring   (    )
      4= Dam   (    )     5= River/Stream   (    )    6= Drilled ground water (    )
20. Are you aware that climate change is taking place? 1. YES (    )   2. NO (    )





21. How do you know that climate is changing? (Tick (√) in appropriate box)
	S/N
	Indicators
	Yes
	No
	I don’t know

	1
	Rainfall coming rate in the seasons
	 
	 
	 

	2
	Rainfall coming too early in the seasons
	 
	 
	 

	3
	Increased rainfall amount
	 
	 
	 

	4
	Decreased rainfall amount
	 
	 
	 

	5
	Rainfall coming unpredictable
	 
	 
	 

	6
	Increased incidences of floods
	 
	 
	 

	7
	Increasing temperature
	 
	 
	 

	8
	Drying of natural water springs and wells
	 
	 
	 

	9
	Drying of natural streams and reduced river flows
	 
	 
	 



22. What are the sources of information that climate is changing? (Tick (√) in appropriate box)
	S/N
	Indicators
	Yes
	No

	1
	Own observation
	 
	 

	2
	Street meetings
	 
	 

	3
	Mass media (Radio, Televisions and News papers
	 
	 

	4
	Tanzania Meteorological Authority (TMA)
	 
	 

	5
	Fellow inhabitants
	 
	 

	6
	I don’t have any information
	 
	 




Appendix 3: Research Clearance Letter from OUT
 [image: Clearance]
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	160.4	131.5	141.80000000000001	134.1	114.2	204.9	185.5	132.4	115.6	110.9	163.69999999999999	58.6	161.1	134.5	168.3	186.4	120.4	102.3	100.6	145.69999999999999	85.8	90.1	148.6	127.9	115.2	166.5	156.30000000000001	


1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	30.9	30.5	30.6	30.7	30.2	31.2	30.5	30.8	30.4	30.7	30.6	31.2	31.1	31.3	31.1	31.1	31	31.4	31.7	31.5	30.8	



1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	22.7	22.2	22.4	22.5	23	23.3	23.1	23	23.3	23.2	23	23.1	23.4	23.5	23.3	23.7	23.8	23.9	23.9	22.1	23.7	



I don’t know 	No change 	Flactuating 	Decrease	Increase	14.6	6.4	19.7	15.6	43.7	



Deforestation 	Keeping large number of animals	Industrial activities	Increased greenhouse gases in the atmosphere	Use of biomass	Use of fossil fuels	Agricultural activities	I don't know	20.8	15	18.3	29	26.7	16.2	10	30.8	



Increased the volume of water in well and springs 	Decreased the volume of water in well and springs	Increased flood risks	Increased pressure on fresh water	Increased in water borne diseases	Damaged sources of water 	Increased the occurrence of El Nino	16.7	6.7	12.5	37.5	6.7	9.1999999999999993	7.5	


Tape	
44	Constructed well	
30.4	Pond/spring	
3.7	Dam	
2.8	River/Stream	
4.7	Drilled ground water	
14.3	




Rainfall coming rate in the seasons	Rainfall coming to early in the seasons	Increased raifall amount 	Decreased rainfall amount	Rainfall coming unpredictable	Increased incidences of floods	Increasing temperature	Drying of natural water springs and wells	Drying of natural streams and reduced river flows	0.1	4	0.3	14.8	12.2	1.3	21.7	13.4	11.4	
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Meteorological Station (TMA).

Tanzanis

RE: RESEARCH CLEARANCE

The Open University of Tanzania was established by an Act of Parliament No. 17 0f 1992, which
became operational on the 1 March 1993 by public notice No.55 in the official Gazette. The Act
was however replaced by the Open University of Tanzania Charter of 2005, which became
operational on 1 January 2007.In line with the Charter, the Open University mission is to

generate and apply knowledge through rescarch.

rch process therefore, the act empowers the Viee Chancellor of

To facilitate and to simplify
the Open University of Tanzania to issue rescarch clearance, on behalf of the Government of

Tanzania and Tanzania Commiission for Science and Technology, to both its stafl and students
who are doing rescarch in Tanzania. With this bricf background, the purpose of this letteris to
introduce 10 you MsNYANGA,Maryam Said Reg No:PG201507548 pursuing Master of Arts
esource Assessment and Management (MA (NRAM).We here by grant this
“dssessment of the Impact of Climate Change on Water
rban West Region from 01" July

in Natural R
clearance to conduct a research titled
Resources in Zanzibar She will collect her data at West B in Ut
2019 to 07" July 2019

kindly do not hesitate to contact the Deputy Viee
of Tanzania,P.0.Box 23409, Dar es Salaam Tel:
for your assumed cooperation and fcilitation of

In case you need any further information,
Chancellor (Academic) of the Open University
(22-2-2668820,We lastly thank you in advance
this research academic activity.

Yours Sincerely,

Prof. Hossea Rwegoshora
For: VICE CHANCELLOR
THE OPEN UNIVERSITY OF TANZANIA





