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ABSTRACT
This study aimed at assessing reliability of Rainwater Harvesting as a Strategy to
Alleviate Water Scarcity using Monduli District as a case study. The study was
governed by three specific objectives namely; to determine how rain water
harvesting was being done and managed by community members, assessing the
quality of Rain Water harvested by analysing bacteriological parameters (faecal
coliform) and lastly, to determine challenges faced by community on Rain Water
Harvesting, and how the community addresses such challenges in Monduli district.
The study used Ecological Modernisation (EM) and Diffusion of Innovation (DI)
theories as a framework of ideas proposed by Kuhn (1996). The EMT grasps the
inherent suggestion that the society will “go green”, given the choice and motivation.
It gives six hypotheses as (systemic) structural moderators of household adoption of
rainwater harvesting schemes: Consumption and Regime, Commercial Impact,
Environmental Impact, Governance and By-law, Societal Stimulus and Technology
and Invention and the DI theory offers to deliver the ‘household experience’ through
its actor-based approach. The link is constructive: the larger the relative advantage
professed in a RWH system, the more probable is adoption The research involved
119 respondents including 23 key informants while data collection was accomplished
through key informants’ interview, household questionnaire survey, non-participant
observation and laboratory analysis of water sampled from rain water harvested
storage. The data collected were analysed using IBM SPSS Statistics V.25.The
findings of the study show that, most of the people in Monduli are experiencing
water scarcity. The two most common ways identified are rooftop and surface runoff
Rain Water Harvesting however; these ways do not meet the requirement of the
people as the result, they continue experiencing water scarcity. Also results of faecal
coliform of the stored Rain Water indicated that Peter Sironga storage tank was
136.67 Cfu/100ml, Lembris ground reservoir was 1766.67 Cfu/100ml, Meng’oriki
ground reservoir was273.33 Cfu/100ml, and Raphael Singano storage tank was 20
Cfu/100ml, Tubanane ground reservoir 1209 Cfu/100ml, Lerunya ground reservoir
3217 Cfu/100ml, Barabarani ground reservoir3023 Cfu/100ml, Zacharia Storage tank
110 Cfu/100ml, Bahati Gasper Storage 12 Cfu/100ml. Generally, faecal coliform for
all water samples was above 0Cfu/100ml in relation to Tanzania standard for
excellent quality of drinking water. Therefore, to mitigate the problem it is suggested
v

that stakeholders have to take initiatives to launch sufficient permanent projects of
water that will ensure enough supply and sustainable water to the community as
whole and ensure the quality of RWH by safeguarding from bacteriological
parameters (faecal coliform).
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CHAPTER ONE
BACKGROUND TO THE STUDY
1.1 General Introduction
Rain water harvesting (RWH) is a practice which involves capturing, divertingand
storing of rainwater for future use (Morales-Pinzón et al., 2015; Parajuli et al., 2009).
Rainwater harvesting has also been defined as the practice of collecting and storing
rainwater runoff for productive purposes (Siegert, 1994). RWH helps to alleviate
demands on public water supply systems and promote better practices in the public
(Bartram & Cairncross, 2010). The RWH adoption varies from one place to another
due to the public awareness such as legislative, technical and financial support
toward this kind of practice (Lim et al., 2013). The World Health Organization
(WHO) proposed the use of RWH as safe potable water after appropriate treatment
techniques (Tamimi, 2016).
The assessment of the microbial quality of RWH is usually undertaken by
monitoring the presence of faecal indicators such as total coliforms and faecal
coliforms, (Ahmed et al., 2010). The World Health Organization (WHO)
recommends that the faecal coliforms numbers for drinking water should be
0CFU/100 ml. The presence of faecal coliform in drinking water indicates a strong
likelihood that faecal contamination has occurred and that the water is therefore not
suitable for drinking (Ahmed & Katouli, 2007).
Caribbean and the Middle East have been practising RWH system over 300 years. In
large rural areas such as Honduras, RWH is a source for domestic water supply. In
Thailand, there is evidence of RW collection while in Australia, RWH was before the
tenth century, which was collected on roofs as primary source for drinking purpose.
RWH system is popular in rural Australia, part of India and Africa (JeanCharles,
2007). In Tanzania RWH is practiced on a small scale and mostly in rural areas for
livestock and domestic use (Mayo & Mashauri, 1991). There are various
technologies or ways of water harvesting in Tanzania. A study conducted in
Makanya catchment of Rural Tanzania indicates different water harvesting systems
such as micro dam, dug out pond, sub-surface runoff harvesting tank and rooftop
rainwater harvesting system (Mbilinyi et al., 2005). However, the Rain water
harvesting system varies from one place to another depending on location, level of
1

income, education and culture. There is, however, limited information in some semi arid areas on how community harvest and manage rain water particularly in rural
areas. There are several challenges facing water harvesting processes in various areas
in Tanzania. For instance, rainfall patterns in semi-arid areas are typically highly
variable, both spatially and temporally (Mbilinyi et al., 2005) which might affect the
rainwater harvesting.
Monduli district has experienced deficiency of active and justifiable rainwater
harvesting systems such as large volume dams and containers; thus, shortage of
water (i.e. less than 1000m3 per capita per annum) has been a norm to several
societies particularly the village residents. More often than not during the rainy
seasons, most of the excess rainwater is lost through surface runoff due to
unavailability or limited proper RWH infrastructure (Rugai & Kassenga, 2014). The
production of water becomes scarce especially when the dry period sets in.
One of the challenges is falling on over increasing of greenhouse gases in the
atmosphere which is likely to quicken universal average temperature of between 1oC
to 3.5oC over the up-coming century as many people will face water scarcity
precisely in semi-arid zones which its dependence lies on rainwater harvesting
(Munishi & Sawere, 2013). The challenge is expected at large because RWH is not
highly prioritized as an alternative water supply source and it has been experiencing
shortage of infrastructure such as dams and tanks, which affect the quality and
quantity of harvested rainwater (Kisakye et al., 2018).
To settle the problem, efforts are needed to guarantee effective execution of
conservation platforms of RWH systems which have continued being insufficient
(Che-Ani et al., 2009). The communities are agitated by the feeling that this situation
is deemed complicated because few stakeholders are involved in handling the RWH
systems. For instance, the United Nations Development Program (UNDP) introduced
the Community Water Initiative (CWI) to extend carbon-neutral water security in
Tanzania and nine supplementary countries (Middelkoop et al., 2001). Furthermore,
in 2013 the UNDP reinforced a native NGO in making dams that store up to 220,000
litres of harvested rainwater (Orlove, 2005). The Tanzanian government has also
correspondingly devoted its efforts in building reservoirs at the catchment in
2

Kidunda- Morogoro to advance the service of supplying water in Ilala – Dar es
Salaam. Nevertheless, all the above-mentioned efforts are perceived as well below
the community’s expectations that they have not been capable to accomplish the
water supplies of the fast-growing populations (Rugai & Kassenga, 2014).
Regardless of all these strategies, the areas stagnantly undergo scarcity of water
particularly in the dry season. For that reason, the study, consequently, intends to
make an assessment on Reliability of Rainwater Harvesting as a Strategy to Alleviate
Water Scarcity in the District of Monduli, Tanzania.
1.2 Statement of the Problem
Monduli district is located on the leeward side of Mount Kilimanjaro and thus the
district undergoes the challenge of water scarcity. Mbuyuni, Losimingori and Mti
mmoja villages are amongst the semi-arid parts in the district with water scarcity
from any Water Service Institution. The district has also no groundwater harvesting
facility as well as water catchment zones (Naik, 2017). Therefore, the only source of
water they depend on is from rainwater harvesting. According to Mwakilembe
(2013) rainwater harvesting provides a good alternative and replacement in times of
drought or when the water-table drops and wells go dry, also in the most arid or semi
– arid areas, the prevailing climate condition makes it of crucial importance to use
the limited amount of rainwater. But due to increasing climate variability and
change, rainwater accessibility has been threatened in semi-arid societies especially
in the rain season. Most of the surplus rainwater is vanished through surface runoff
because of the improper rainwater harvesting systems (Rugai & Kassenga, 2014)The
whole community in Monduli District depends on rainwater harvesting for domestic
water use such as for cooking, drinking and other uses. However, there is limited
information on the quality of rain water harvested particularly on microbiological
content. Therefore, this has been taken to be a force factor for this study to be
undertaken. Although, there have been some scholarly literatures carried out
elsewhere in the world e.g. (Kisakye et al., 2018) investigated on the effect of
climate change on Rain Water Harvesting systems. Likewise, Tamimi (2016)
examined the quality and impacts of RWH systems on public health. But little is
known about Reliability of Rainwater Harvesting as a Strategy to Alleviate Water
Scarcity. This study intends to use Monduli District as a case study which will
3

represent other parts of Tanzania where RWH is practiced specifically in semi-arid
areas in which water supply has definitely become a problem.
1.3 Objectives
1.3.1

General objective

The general objective of the study is to assess the reliability of rainwater harvesting
as strategy to alleviate water scarcity in the district of Monduli.
1.3.2

Specific objectives

i) To assess rain water harvesting and management by community in Monduli
district.
ii) Assessing the quality of RW harvested focusing on bacteriological parameter
(faecal coliform).
iii) To examine the challenges encountered by community on rainwater harvesting
and how the community addresses such challenges in Monduli district.
1.3.3

Research questions

i) How is rain water harvested and managed by community in Monduli district?
ii) What is the quality of RW harvested focusing on the bacteriological parameters
(Faecal Coliform)?
iii) What are the challenges encountered by community on rainwater harvesting and
how the community addresses such challenges in Monduli district?
1.4 Significance of the Study
The study would facilitate the community to expand techniques of rainwater
harvesting and the whole management of rain water source and treat the stored
harvested rainwater through analysis of bacteriological parameter (faecal coliform)
so that to avoid getting prevalent water borne diseases such as diarrhoea and
dysentery.
The study would also be useful to both qualitative and quantitative as an empirical
study. It would furthermore be used as a research design in assessing Reliability of
Rainwater Harvesting as a Strategy to Alleviate Water Scarcity in other semi-arid
regions apart from the district of Monduli.
4

Lastly, the study will be helpful in generating decisions regarding appropriate
intervention of rain water harvesting systems, and work as a basis of understanding
by architects as well as policy makers when scheming and implementing rain water
harvesting machinery plan to sustain local communities to harvest rain water.

5

CHAPTER TWO
THEORETICAL FRAMEWORK AND LITERATURE REVIEW
2.1 Introduction
Literature reviewed was based on the Reliability of Rainwater Harvesting as a
Strategy to Alleviate Water Scarcity at large. The examination was based on the view
of the scope of Reliability of Rainwater Harvesting as a Strategy to Alleviate Water
Scarcity both theoretically and empirically. Also, the chapter presents the conceptual
framework and the knowledge gap from the reviewed literature.
2.2 Definition of Key Terms
i) Climate Change
Climate change is used to refer to the statistical allocation of weather patterns when
that change proceeds for an absolute period of time. For a certain environmental
feature to occur is excavated to be taken over hundreds of years(Forest & Feder,
2011).Under this section climate change is used to refer to change in regular weather
conditions or in the period variation of weather within the context of the longer-term
average conditions
ii) Rainfall
Rainfall refers to liquid water in the form of droplets that have condensed from the
atmospheric water vapour and then falls under gravity. Rainfall makes an appropriate
atmosphere of ecosystems, enough water for irrigation, hydroelectric power supply
and daily domestic consumption (Mitchell, 2001). Though, in this case study rainfall
is well-defined as a droplet falling under the force of gravity.
iii) Rainwater Harvesting
Rainwater harvesting (RWH) refers to the pool, storing and utilizing rainwater for
different uses (Martin et al., 2015). Under this circumstance RWH denotes the
pooling and storing of rainwater for various utilization on site fairly than letting it to
run off.
iv) Bacteriological water analysis
Is a method of analysing water to estimate the numbers of bacteria, if needed, to find
out what sort of bacteria they are? It represents one aspect of water quality. It is
6

a microbiological analytical procedure which uses samples of water and from these
samples determines the concentration of bacteria. It is then possible to draw
inferences about the suitability of the water for use from these concentrations. This
process is used, for example, to routinely confirm that water is safe for human
consumption that are bathing and recreational waters are safe to use (AlOtaibi,
2009).
2.3 Theoretical Framework
The study used Ecological Modernisation (EM) and Diffusion of Innovation (DI)
theories as a framework of ideas. The theories were proposed by Buchwald and
Smith,(1997) and Wolf et al.(1986), respectively. The collective frameworks of EM
and DI are fascinating since they correspondingly offer (a) a universal standpoint on
society with (b) an actor-based methodology that expresses the perception of the
adopter. Two supplementary interrogations are raised regarding the descriptive
influence of the structures of EMT and DI beneath philosophical and scientific
analysis. How operational is Ecological Modernisation Theory (EMT) in explaining
the interface of variables such as household rainwater consumption, product
invention and supremacy in sustenance of household approval of RWH schemes?
And how operative is Diffusion of Innovation Theory (DI) in clarifying the interface
of variables like relative advantage, system difficulty and communication in
sustenance of household acceptance of RWH systems?
EMT as proposed by Kuhn (2012), postulates that private sector invention,
governance and consumption reforms communally encouragement for each other and
that all of these can give a positive inspiration on the environments as a way to
alleviate the challenge of water scarcity at Monduli district as a whole.
According to (Babbie, 2008), the household consumption of a rainwater harvesting
system performs idiomatic since the direct effect of pro-environmental technological
invention, rendering to EM principles, is adoption. Therefore, the existing theory is
complex since rainwater harvesting is not innovative technology. However, calls to
“rationalize” regime or to decrease utilization are commonly acknowledged
hesitantly by the community and with the continuing drought, community use of
water is progressively rationed. The benefit and importance of mounting a rainwater
7

tank is that it really “expands the limits” to household consumption. EMT contends
that, the governance inducements cheer the acceptance by diminishing the direct cost
of installation to households.
The theory has a positive ideological attempt that, the community should retain an
obligation to the choice during the whole process of choosing machineries that
permit desired end usage, searching skilled installation professionals; and activate
modifications to their lifestyles and procedures that ownership requires. EMT grasps
the inherent suggestion that the society will “go green”, given the choice and
motivation. It gives six hypotheses as (systemic) structural moderators of household
adoption of rainwater harvesting schemes: Consumption and Regime, Commercial
Impact, Environmental Impact, Governance and By-law, Societal Stimulus and
Technology and Invention.
Synthesis of EMT with Diffusion of Innovation theory permits an additional finegrained investigation by empirically cooperating a more five moderators of adoption.
Diffusion of Innovation theory, taken as the framework founded by Rogers, E.,
incorporates adoption of innovative technologies, but also new ways of knowing or
concepts in dealing with water scarcity. DI affirms that adoption is smoothed by
standards pinpointed on the performer. Diffusion is well-defined as “the process by
which an innovation is communicated through certain channels over time among the
members of a social system” (Rogers, 1983). Rogers contends that through a range of
DI study, five magnitudes, the concepts of relative advantage, compatibility,
complexity, trialability and observability are branded as aspects manipulating
adoption. Therefore, DI offers to deliver the ‘household experience’ through its
actor-based approach. The link is constructive: the larger the relative advantage
professed in a RWH system, the more probable is adoption (Rogers, 2003).
Therefore, for the positive results, the community should make use of Technology
and Innovation because technologies play an important role in household RWH
adoption through their impact on the functionality of RWH installations.
The theories were deemed suitable in this study as it intended to assess the reliability
of rainwater harvesting as a strategy to alleviate water scarcity of which the
8

researcher focused on how the community is managing harvested rain water, the
quality of RW harvested focusing on bacteriological parameter (faecal coliform) and
determining the challenges faced by community on the issue pertaining rainwater
harvesting and how the community addresses such challenges in Monduli District.
Consequently, in making justification of the issues raised up to favour these theories,
it was a guiding framework for the researcher to make assessment of the problem.
2.4 Empirical Review
2.4.1 Ways of Harvesting and Managing Rain Water
Basing on contends by Coyne and Knutzen (2014) rainwater harvesting is a fruitful
course of action especially to the people whose residence are in the semi-arid areas.
Rainwater harvesting is an alteration step towards water supply that emanates free
from the sky. There are various ways that the community use to harvest rain water.
Rainwater harvesting techniques have long been implemented around the world to
cope with annual variability in precipitation and maintain human well-being.
Predominantly applied in semi-arid regions, decentralized techniques such as pits,
terraces, ponds, check dams, sand dams, small reservoirs, cisterns and open wells
have been used to mitigate the problem of water scarcity (Akpinar Ferrand &
Cecunjanin, 2014).
Abdelfadeel (2012) did a study on Investigation of rain water harvest techniques in
Yatta district, Kenya. The study used a sample size of 60 farmers and used semistructured questionnaire as data collection method. The study findings revealed that
farmers were aware of water harvesting techniques and used tanks as well as sand
dams as storage facilities for harvested rain water. Thus, both rooftop and surface
runoff water harvesting were highly practiced by farmers in Yatta district, Kenya.
The study acknowledged the use of different kinds of rain water harvesting
techniques in Yatta district, but this study focuses on showing Reliability of
Rainwater Harvesting as a Strategy to Alleviate Water Scarcity in Monduli district,
Tanzania.
Study done by Worm (2006) on Rain water harvesting for domestic use, the study
showed that in the 21st century the world has been facing a growing water scarcity
problem which requires new strategies such as rain water harvesting to adapt to
9

climate change. The study mentioned rooftop rainwater harvesting as safe and easy
way of harvesting and storing rain water for domestic use and irrigation purposes.
The study added that the surface runoff method of harvesting tends to lose much
water than rooftop harvesting. The study explained the importance of rain water
harvesting for domestic use but did not focus on Reliability of Rainwater Harvesting
as a Strategy to Alleviate Water Scarcity.
There are several storage facilities that are highly being used for storing the
harvested water in different parts, however below are the main utilized storage
facilities used by most of households;
i) Dams
In latest years, most of the people in Monduli District have been experiencing threats
of water challenge (water scarcity)as one among the driest part in Arusha region. The
United Nations Development Programme (UNDP) has tried to manage the situation
by providing their support. The local Non – Government Organisation(s) (NGOs) are
building dams some of which have a storage volume up to 220,000 litres of rain
water. With their support, it has enhanced farmers’ capability to sustain their families
and get extra incomes from yields sales. Additionally, the UNDP has accomplished
to introduce the Community Water Initiative (CWI) to upgrade carbon-neutral water
safety in Tanzania and nine extra countries to assist area residents to continue
farming their land, producing food for their families and generating some earnings
under such circumstances. The UNDP has also sustained a local NGO-the Same
Agricultural Improvement Project (Saruchera & Lautze, 2019) to build petty dams.
These dams are based on the traditional concept called “ndiva” referring to large
pools that collect water as it streams down the hillsides. The villagers are encouraged
to build up dams’ valves and manually channel water to the communities’ farm plots
so as to improve the flow of water and maximize its reach.
ii) The Use of Tanks
Tanks are small storage constructions ultimately used for irrigation, and were a
fundamental driver of untimely settlement outline in all over the world. Normally,
tanks are constructed across natural depressions in the landscape and storm runoff
after crescent-shaped earthen ridges known as bunds. Sluice gates direct the stream
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of tank water all the way through the bund to the area of irrigation down slope in the
respective area (Worm, 2006).
However, the study done by Ubuoh and Nwakanma (2016) on determination of
harvested storage tank rainwater quality in Owerri - Nigeria, revealed that most of
communities do harvest rain water and store it in tanks. However, it was also noted
that the safety of the storage tanks has never been a concern to many researchers.
The study also revealed that surface water tanks that are not covered are more likely
to be polluted than the underground water tanks. The study has shown the safety and
quality of tanks used to store harvested water but did not consider showing
Reliability of Rainwater Harvesting as a Strategy to Alleviate Water Scarcity and the
quality of stored harvested rainwater which is the concern of this study.
2.4.2

Challenges Communities Encounter on Rain Water Harvesting

Assessments of water susceptibility by custom have remained cast as the country
scale challenges that societies face include;
2.4.2.1 Civic Education
Rainwater harvesting has remained a problematic issue among societies particularly
to those who are residing in semi-arid areas. This has been triggered by educational
problems to many communities on how they can alleviate the challenges. People
must be well knowledgeable on how they can mitigate and properly utilize the
accessible water by inventing and making all possible ways so as to harvest sufficient
water especially in the rain season. Although rainwater harvesting has been launched
to be one of the ways to fight with climate change, essentially for regions where
water resources are fast exhausted due to above extraction, its process is not as
simple as it may seem (Ayele, 2014). This is due to the fact that many people,
particularly in countryside areas, are not knowledgeable enough about rainwater
harvesting. Education must be given to the community in order for them to manage
with the future climate challenges, risk consciousness and ethical standards about the
climate change for societies to set rules and conditions that are helpful in managing
risk and social adjustment of water shortage (Adger et al., 2005).
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2.4.2.2 Change in Rainfall Intensity
Performance of rainwater harvesting as it has been argued by (Christian Amos et al.,
2016; Kuhn, 2012), will be affected negatively because of the future climate change.
It is important for the arid and semi-arid areas, which have a long time and
experience low rainfall with diverse duration of enough precipitation, to address the
challenges which are caused by climate change. A continuous daily simulation water
balance model is developed based on behavioural analysis and yield after spillage
criteria to simulate the performance of a rainwater harvesting system. The attribute of
climate related stability describes the experiences of irregular rainfall due to global
climate change, and thus significantly influence the amount of rainwater harvested.
2.4.2.3 Wind Speed
Wind and rain are related with storms and the worst of weather but mutually they do
also offer chances for the collection of adequate water during rainy season
(Schemenauer & Cereceda, 1994). They also make an argument that water
condensations in the atmosphere typically range in size from the slightest cloud or
fog dewdrops with diameters of l mm, to the largest raindrops with diameters of
about 5 mm. Raindrops have fall velocities (2 to 9 m/s) comparable to typical wind
speeds and, therefore, will fall at an angle, except in unusual circumstances where
the wind speed is zero (Schemenauer & Cereceda, 1994).
2.4.2.4 Poverty
Poverty is viewed to be one of the major problems among many people especially
those residing in the village areas, and it is one among the aspects which highly
influence harvesting of rainwater. Sullivan et al. (2003)have postulated the linkage
by making an assessment on water poverty index from the networking technology of
water access, water uses, capacity of managing water and environmental aspects.
Consequently, because of poverty most of the people in the community fail to adjust
themselves to the challenge of climate change on rainwater harvesting process.
2.4.2.5 Drought
Drought has also been viewed to be the challenge relating to climate change.
Drought as it has been postulated by Ayele (2014) causes interventions into rain
water-harvesting in all over the world. This has been observed in a manacle of
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wrong-planning, wrong operation, and failure of the government to mitigate the
problem of drought. Adaptation to climate change institutes two interrelated options
of action, namely, construction of adaptive capacity and changing that capacity into
action(Adger et al., 2005). Droughts resulting from a decrease in plant cover leads
to the decrease of rainfall. The decrease of rainfall at consistent intervals diminishes
plant cover, and as a result water scarcity problem become intensified, a situation
which accelerate inadequate rainfall, and hence accelerating drought (Charney et al.,
1975).
2.4.3

Biological Characteristics of Water

2.4.3.1 Faecal Coliform
A faecal coliform is a facultative anaerobic, rod-shaped, gram-negative, nonsporulating bacterium. Faecal coliforms are capable of growth in the presence of bile
salts or similar surface agents, are oxidase negative, and produce acid and gas from
lactose within 48 hours at 44±0.50C Coliform bacteria include genera that originate
in faeces as well as genera not of faecal origin e.g. Enterobacter, Klebsiella and
Citrobacter. The aspect is intended to be an indicator of faecal contamination; more
specifically of E. coli which is an indicator microorganism for other pathogens that
may be faeces. Presence of faecal coliforms in water may not be directly harmful and
does not necessarily indicate the presence of faeces (Huerta et al., 2018).
In general, increased levels of faecal coliforms provide a warning of failure in water
treatment, a break in the integrity of the distribution system or possible
contamination with pathogens. When levels are high there may be an elevated risk of
waterborne disease gastroenteritis. The presence of faecal coliform in tap water may
indicate the water has been contaminated with faecal material of human or other
animals (Doyle & Erickson, 2006).
2.4.3.2 Agriculture Problems Resulting from Faecal Contamination of Water
Agricultural practices such as allowing livestock to graze near water bodies,
spreading manure as fertilizer on fields during dry periods, using sewage sludge biosolids and allowing livestock watering in streams can all contribute to faecal
coliform contamination. Large quantities of faecal coliform bacteria in water are not
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detrimental rendering to some authorities, but may designate a greater risk of
pathogens being existing in the water (Huerta et al., 2018).
Some waterborne pathogenic diseases that may correspond with faecal coliform
contamination consist of ear infection, dysentery, typhoid fever, viral and bacterial
gastroenteritis and hepatitis A. The existence of faecal coliform inclines to affect
human more than it happens to aquatic creatures, though not absolutely. Bacteria in
coliform group is the main indicator to the environmental contamination in water
sources. The faecal coliform and Faecal Streptococci Ratio are used to indicate
sources of pollution in the environment. Below is the ratio of faecal coliform count to
faecal streptococci count used to indicate whether the pollution derives from human
waste or of domestic animals (Olivier & Laurie, 1974).
[i] When FC/FS<4.0: This is strong evidence that the pollution is caused by human
wastes with danger of human diseases transmission.
[ii] When 2.0 <FC/FS<4.0: This is good evidence of predominance of human wastes
in mixed pollution.
[iii]When 0.7<FC/FS<1.0: This is a good evidence of predominance of domestic
animals’ wastes in mixed pollution.
[iv] When FC/FS<0.7: This is strong evidence that the pollution is caused by
domestic animals’ wastes (Mara, 1974).
2.4.3.3 Potential Sources of Faecal Coliform Bacteria in Water
i)

Human Sewage

Failing home septic systems allow coliforms in the effluent to flow into water table,
aquifers and nearby surface waters. Sewage connections that are linked to storm
drain pipes can also instigate human sewage into surface water. During high rainfall
periods a combined sewer which carries both domestic sewage and storm water can
develop overloaded and overspill to a nearby water stream or river, by making
treatment(Doyle & Erickson, 2006).
ii) Animals
Pets, especially dogs can contribute to faecal contamination of surface water. Runoff
from roads, parking lots and yards can carry animal wastes to streams through storm
14

sewers. Birds can be significant source of faecal coliform bacteria. Swam, geese,
seagulls and other waterfowls can all elevate bacterial counts, especially in wetland,
dams, ponds and rivers.
iii) Agriculture
Agricultural practices such as allowing livestock to graze near water bodies,
spreading manure as fertilizer on fields during wet periods, using sewage sludge biosolids and allowing livestock watering in streams can all contribute to faecal
coliform contamination.
2.4.3.4 Problems Resulting from Faecal Contamination of Water
i)

Human Health Hazards

Large quantities of faecal coliform bacteria in water are not harmful but may indicate
a higher risk pathogen being present in the water. Some waterborne pathogenic
diseases that may coincide with faecal coliform contamination include ear infections,
dysentery, typhoid fever, viral and bacterial gastroenteritis and hepatitis A. the
presence of faecal coliform tends to affect more than it does aquatic creatures
(Huerta et al., 2018).
ii)

Effects on the Environment

Untreated organic matter that contains faecal coliform can be harmful to the
environment. Aerobic decomposition of this material can reduce dissolved oxygen
levels if discharged into rivers or water ways. This may reduce the oxygen level
enough to kill fish other aquatic life. Reduction of faecal coliform in waste water
may require the use of chlorine and other disinfectant chemicals. Such materials may
kill the faecal coliform and disease bacteria. They also kill bacteria essential to the
proper balance of the aquatic environment and endangering the survival of species
dependent on those bacteria(Olivier & Laurie, 1974).
2.4.3.5 Health Status of the Available Water Sources
Generally, the ground reservoir (small dams) constructed by villagers in the study
area portray a great evidence of unhygienic state. In all seasons households depend
on both rooftop rainwater harvesting and ground reservoir (dams). Whereby, both
livestock and human being drink water at the same point. Most of the people do not
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own latrines where during rainfall periods the runoff wash all the faeces and cow
dung to the ponds and dams in which it affects the quality of rain water(Doyle &
Erickson, 2006).
2.4.4

Ways to Address Challenges Facing Rain Water Harvesting

The stratagems to adapt to climate change impacts have already being intervened by
the Nairobi Work Programme (NWP), vulnerability and the Cancun Adaptation
Framework (CAF). The strategies include two constant courses of action which are;
building of adaptive capacity and exchanging that capacity into action (Adger et al.,
2005). The tactics are fundamentally spearheaded by analysis of effects and
weaknesses as well as extension of adaptation options that are appropriate to them as
follows:
2.4.4.1 Science and Technology
The adaptation action can be started within the perceptions of these spatial orders
including the issue of technologies, economic, institutional machinery and
information. Effectiveness is needed in order to make evaluation that instigate the
success, and also there should criteria that are efficiency, impartiality and legality at
these different correlating levels (Adger et al., 2005).The absence of one or more of
this mechanism could hinder adaptation.
2.4.4.2 Education
It has been the culture that, whenever scheduling for implementation, social
complications turn out to be more challenging yet more substantial tactics of
successful adaptation are compulsory. The community should be well knowledgeable
enough about the forthcoming climate change, risk consciousness and ethical values
regarding this change. The respective society should set regulations, and various
organizations should indorse possible solutions to mitigate the impacts of climate
change on water scarcity (Adger et al., 2009).
2.4.4.3 Regulations and Laws
The new policy should be formulated as legislative improvements in some laws and
regulations such as construction laws and stipulation to launch rainwater-harvesting,
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duty laws and inducement laws for local built-up, in order to offer a legal position for
implementation (Lee et al., 2016).
2.4.4.4 Poverty Alleviation
Poverty as argued by Ayele (2014), is one of the main economic impediments in
many developing countries like Tanzania. Rainwater harvesting generate incomes to
lower class like farmers and pastoralists from high worth crop and livestock
production. This helps them to improve rainwater harvesting infrastructure so that to
solve the problem of water scarcity.
2.4.4.5 Rainwater Harvesting Facilities (RWF)
The kind of building required to have rainwater-harvesting facilities varies from all
new buildings commercial, institutional, tourist and industrial only; residential only;
government buildings; and those having tube wells in their compounds. The total
area size of the property or building for which rainwater-harvesting becomes
compulsory varies from 250 to 1500 square meters. In some cases, tube wells in the
compound are prohibited or owners of tube wells are required to dig percolation
wells for groundwater recharge. To help areas residents continue to farm their land,
feed their families and earn an income under such conditions, the government should
provide enough facilities especially to the desert areas which do not have the
alternative of underground water. For example, the UNDP has to support local NGOs
in the same way as it provided to Agricultural Improvement Project (Saruchera &
Lautze, 2019)to build petty dams in semi desert areas including Monduli District.
2.4.5

Conceptual Framework

The typical methods of sustaining the demand of water in Monduli District is to build
large dams, using large volume tanks and creating effective RWH systems. However,
in most cases water demand cannot be satisfactory met by these sources alone. By
harvesting rainwater for domestic and other uses, it is expected to increase water
quantity and sustain the demands. Figure 2 indicates the problem, independent
variables and dependent variables.
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Challenges Facing Rainwater Harvesting

Independent Variables

Change of
rainfall
patterns

Wind speed

Drought
and Floods

Dependent Variables

Rain water harvesting infrastructure, Water quantity and
quality, storage capacity

Intermediate Variables

Poverty, Level of Education, Science and Technology,
Regulation and laws, and Rainwater Harvesting Facilities

Figure 2. 1: Conceptual Framework
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Change in
Temperature

CHAPTER THREE
RESEARCH METHODOLOGY
3.1 Introduction
In this section the study disposes the research methodologies that was specifically
used to collect data from the field of the study. The section also covers the research
approach, research design, target population, location of the study, sampling
procedures and sample size, data analysis, methods of data collection and tools,
validity and reliability as well as ethical considerations.
3.2 Location of the Study
This study was carried out at, Mti mmoja Losimingori and Mbuyuni villages which
are found at Monduli District in Arusha Region. The researcher has purposely
selected these villages because they have always been undergoing insufficient and
erratic rainfall less than 400mm annually in relative to the rainfall received by the
country which is 900-2000mm annually. This has been one of the big challenges to
most of the people in the areas to get water service especially in the summer period
(UDP, 2001).

Figure 3. 1: Map of the Study a Area
Source: Field Survey (2019)
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3.3 Research Approach
The research approach refers to the means that was used to collect data from the field
(Creswell & Creswell, 2017). Moreover, research approach is a plan and procedures
that are to be used in data collection, analysis and interpretation based on the nature
of the research problem being addressed (Pounders et al., 2016). This study
employed both quantitative approach and qualitative approach. Quantitative
approach was used to present the demographic information of respondents
descriptively. However, quantitative approach was used to present the relationship
between variables, ways of rainwater harvesting, how was managed and challenges
faced by community on harvesting rainwater and how they addressed such
challenges in the study area.
On the other hand, qualitative approach was used in this study due to its ability of
obtaining in-depth information of a phenomenon from the respondents (Creswell &
Creswell, 2017). Thus, qualitative approach was used in this study to obtain the
experience, knowledge and understanding from key informants on the reliability of
rainwater harvesting as strategy to alleviate water scarcity in the study area.
3.4 Research Design
Research design denotes to the procedures of research making (Berndt & Wayland,
2014).This is triggered to be the framework used for study. It involves procedures
which are important in collecting data required in finding the resolution of the
problem. This study used cross-sectional type of design which analyses a group of
question at one specific time (Campbell et al., 2007). This has been used since it
gives validity and reliability of the data as it is tested with different methods.
3.5 Targeted Population
This consists of all members of the group or elements that a researcher expects to
gather information and make generalization of the study (Mugenda & Mugenda,
2003). The study targeted population included household heads, Village Executive
Officers, Village leaders (Village chair persons and sub village leaders), District
Water Officer and District Environmental Officer found in Monduli district. The
rationale of targeting these populations was due to their experience, knowledge and
familiarity of the study area and they possess knowledge on the reliability of
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rainwater harvesting as strategy to alleviate water scarcity. Thus, their involvement
in this study was significant as they provided relevant information pertaining the
study objectives.
3.6 Sampling Techniques
Sampling is a process of selecting a subject or case to be representative of the target
population under study (Vrana et al., 2005). The study employed probability (simple
random) and non-probability (purposive) sampling techniques as follows:
3.6.1

Purposive Sampling

Purposive sampling denotes to sampling necessities which were measured to be
distinct and are selected from an anticipated population (Cohen et al., 2013).
Purposive sampling was purposely used to choose villages such as Mti mmoja
Mbuyuni and Losimingori. The villages were purposively chosen because of being
greatly susceptible villages, which experience water scarcity and depend on rain
water harvesting as adaptation to scarcity of water.
Moreover, purposive sampling was used to select District Water Officer, Village
Executive Officers, Village leaders (Village chair persons and sub village leaders),
and District Environmental Officer found in Monduli district. These key informants
were purposively selected since they are the ones responsible in environment and
water issues of the district.
3.6.2

Simple Random Sampling

Random sampling in a proposed population is a choice which provides the whole
population an equal chance of being involved in the formulated sample (Kothari,
2004). This type of sampling technique was used to select heads of households to be
involved in the study. This led to the validity and reliability of the data as it
eradicated biasness during data collection.
3.7 Sample Size
The mathematical formula adopted by (Lenth, 2001) was convoluted in modelling
the sample size of the informants as indicated below:
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Where n = sample size
N = Sample frame
α = margin of error
Total number of households (N) from three villages namely Losimingori, Mbuyuni,
and Mti mmoja is 6696 (Village office, 2019), α = 10%, sample size from house hold
was 96. The population from these villages were consulted in villages of
Losimingori, Mbuyuni, and Mti mmoja correspondingly as shown below:
Table 3. 1: Sample Distribution of Respondents
Wards

Village

Total

Population

in Sample size (n)

every village (N)
Makuyuni

Mbuyuni

3510

50

Sepeko

Mti mmoja

1050

16

Lepurko

Losimingori

2136

30

6696

96

Total

Furthermore, 18 informants particularly leaders were intentionally chosen as the key
informants for conversation to give their general synopsis or environment in their
respective areas because they have exhaustive data about their populaces as well as
their villages’ environments. This included leaders of village dams, sub-village
leaders, three ward community development officers, village chairpersons, village
executive officers, district water officer and district environmental officer.
3.8 Methods of Data Collection and Tools
This study employed four techniques in data collection which are key informants’
interviews, survey, household questionnaire and non-participant’s observation. These
methods were purposely used in order to preserve the consistency and rationality of
the data obtained. In addition, water samples were collected randomly from different
water harvesting sources in order to examine microbiological quality of the rain
water harvested. A total of 09 samples were collected and tested for microbial quality
through membrane filtration method.
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3.8.1

Key Informants Interview

An interview is defined as a discussion of ideas encompassing two or more people on
a topic of mutual awareness for understanding building and stresses during data
collection (Anyan, 2013). Key informant interview was used to obtain in-depth
information from leaders of village dams, village chairpersons, sub-village leaders,
ward community development officers, village executive officers, district
environmental officers and district water officer. Interview was used to obtain
information from key informants on the reliability of rainwater harvesting as strategy
to alleviate water scarcity in the study area. Interview also provided information
about challenges faced by community on rain water harvesting and how the
community addresses such challenges in Monduli district.
During the interview with key informants, respondents were being given freedom to
choose the place and time where interview could be conducted. Key informant
interview guide was used to guide interview with key informants while notebook was
used to capture all information provided during the interview.
3.8.2

Household Questionnaire Survey

Rutten-van Mölken et al. (2006) define questionnaires as a formatted set of questions
prepared to be filled by respondents during the data collection process to meet the
objectives of the study. Basing on the arguments developed by Kothari (2004),
questionnaire consist of a number of printed questions in categorical set of forms. In
this study, both open and closed ended questionnaire was used to collect data from
households’ heads. Questionnaires were given by researcher to the households’ heads
where questions were asked and researcher assisted the heads of household to fill the
questionnaires. This was done to overcome language barriers and assist those who
could not read and write.
Questionnaire was used in this study to obtain data from key informants on how rain
water harvesting is being done and managed. These were also used to define
challenges faced by community on rainwater harvesting and how the community
addresses such challenges in Monduli district.
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3.8.3

Non-Participant Observation

Non-participant observation was another important data collection method used to
generate data by using checklist tool. This was based on water storage tanks, small
dams and observing hygienic conditions. Basing on this technique first-hand data
were collected in relative to the numerous facets of the study questions.
3.8.4

Membrane filtration method

3.8.4.1 Sampling procedure
One of the basic requirements of a water quality analysis was to develop and adopt a
sound sampling technique. It involved transferring a pre-selected small volume of
water from the original collection point to another location for analysis without
causing any change in its properties. Great care was taken during sampling to prevent
contamination of the sample being collected. The sample details were adequately
described and the sample bottles were properly labelled to avoid errors. The
rainwater source stored in water tanks and ground reservoir were collected. Samples
were collected according to the standard procedure of FAO (1992). Cotton wool
soaked in 70% (v/v) ethanol was used to sterilize the nozzle of water tank pipes from
which water sample were collected. For water sources equipped with water taps were
allowed to run for two minutes before 25 ml screw capped sterile glass, bottles were
carefully uncapped, filled with the water and then recapped. In case of water sources
without taps, water was drawn by using sterile container tied with a rope followed by
pouring water into the sampling bottle and then recapped. Water samples were then
transported to laboratory for microbial analysis.
3.8.4.2 Laboratory samples analysis
The analyses of water samples were conducted using standard methods stipulated in
22nd Edition of Standard Methods for the examination of water and wastewater
(Kalčíková et al., 2016).
i)

Bacteriological parameters (Faecal coliform)

Bacteriological water quality status in terms of faecal coliform count was tested in all
samples. Membrane filtration technique was adopted for enumeration of faecal
coliform count in the rainwater samples collected.
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Membrane filtration technique as per standard methods Kalčíková et al.(2016) was
adopted. Membrane filter of pore size 0.45µ and 47 mm diameter were used. Media
used was - M-Endo -Media for Faecal Coliform (M-FC). The filter, through which
required concentration of sample to be analysed has been passed, is placed on the
absorbent pad with selected media and the petri dish containing the above filter, then
incubated. Incubation temperature and time taken was 44.5 ± 0.2 ºC for 24 hrs for
faecal coliform. Autoclave sterilized dilution water prepared from potassium
dihydrogen phosphate (34 gms in 1ltr) was used for making required concentrations
of the sample. After incubation, red (magenta) coloured colonies with blue coloured
colonies developed for faecal coliform. Faecal coliform count was computed as
coliform colonies counted/ml sample filtered X 100 and expressed as faecal
coliforms number per 100m
3.9Data Analysis
All data which were collected from each technique was assembled basing on the
subjects, research objectives and questions. The required data were analysed and
presented both quantitatively and qualitatively. In order to enrich and rationalise the
justification, the presentation was deemed direct from the quotations of the
informants. The data that were collected from interview was combined with that
from questionnaires so as to examine and comprehend the objectives and research
questions. Quantitative data was organized and coded. Coded and edited data was
done by using IBM Statistical Package for Social Sciences (SPSS software) version
25 and analysed by simple descriptive statistics and inferential statistics. Descriptive
data was computed into frequencies and percentage presented into tables and graphs.
Also, inferential statistics was done to make relationship of variables for
generalization by using correlation, regression. Qualitative data which was obtained
through observation and interviews was analysed by content analysis method.
Content analysis method is a method which is used to determine the presence of a
certain word or concept or sets of texts (Meyers et al., 2013). The researcher
quantified and analysed the presence, meanings and relationships of words and
concepts and make the inference about the messages within the texts and the
audience during data collection.
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3.10Data Quality Control
Data quality control involves two features which are reliability and validity for both
interpretations to oversee the data so as to provide the uniformity and precise
outcome data.
3.10.1 Data Reliability
The perception of reliability refers to the uniformity or trustworthiness of a
measurement method. It is the discourse involving with the consistency and stability
of the data attained from the measurement or valuation over time or across scenery or
condition (Marczyk et al., 2005). The reliability of collected data was attained
through the use of different data collection techniques and tools.
3.10.2 Data Validity
According to Magigi (2015)validity refers to the extent to which a measurement does
what it’s supposed to do or how truthful the results are. Thus, data validity of this
study was ensured through ensuring the data collection tools were well prepared and
sent to the supervisor for modifications. Also, the researcher avoided bias during
writing of the report by presenting what has been provided by informants during the
data collection and not otherwise.
3.11Ethical Consideration of the Study
Ethics has been defined as a matter of principled sensitivity to the rights of others,
and that while truth is good; respect for human dignity is better (Cavan, 1977).
Research is an assignment of greatest and final important necessitating an ethical and
moral reflexion all through the implementation of the study. The study was
impounded to all administrator and apparent procedures from University to the field.
This involved University authorities and other authorities. Before data collection
informants were well informed about the purpose of this study, ways that would be
used to collect data and how in formants would participate. Therefore, all
information that was collected, interrogated and handled with maximum level of
privacy and significance, and was used for academic purpose only. Furthermore, all
informants were covered and no disclosure of their identities.
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CHAPTER FOUR
FINDINGS AND DISCUSSION
4.1 Introduction
The chapter presents the findings and discussion of the study based on the study’s
objectives. This study was governed by three specific objectives namely; to
determine how rain water harvesting is being done and managed in Monduli district;
assessing the quality of RW harvested by analysing bacteriological parameter (faecal
coliform) and to determine challenges faced by community on rain water harvesting
and how the community addresses such challenges in Monduli district.
The chapter consists of three sections. The first section presents the demographic
information of the respondents; the second section presents the findings based on
research objectives. The third section presents the summary of the chapter.
4.2 Demographic Information of Respondents
Under this section, the researcher provides the respondent’s age, sex and level of
education, duration of stay in the study area, occupation of respondents and their
level of income. The information was significant since it revealed the ability of
respondents in providing reliable information to answer the research objectives.
4.2.1 Characteristics of Respondents
To obtain the answers required by this study, a total of 96 respondents were involved
during household questionnaire survey from three villages namely Losimingori,
Mbuyuni, and Mti mmoja found in Monduli district. Among the respondents
involved in this study, the majority (51%) were aged between 35 -59 years old,
followed by respondents (27.1%) aged between 18 -34 years old as it has been shown
in Table 4.1. This implied that majority of respondents involved in this study were
adults capable of providing relevant information on reliability of rainwater
harvesting as strategy to alleviate water scarcity in Monduli District.
It was further revealed that, among 96 respondents involved in the study, 51 (53.1%)
were female and the remaining 45 (46.9%) were male as shown on Table 4.1. The
study adhered to gender balance during the data collection process. However, gender
had no implication on the findings of this study since any gender could provide
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reliable information upon the study objectives. Level of education of respondent was
also important to be revealed so as to relate their level of education and types of rain
water harvesting. It was revealed that 61 (63.5%) had ordinary level education
followed by 28 (29.2%) having informal education (Table 4.1). This implied that
majority of respondents were not educated enough to become creative and innovating
in harvesting and managing harvested rainwater.
Furthermore, it was revealed that majority of respondents lived more than 10 years in
the study area with 74 (77.1%) (Table 4.1). This implied that majority of respondents
lived long enough in the study area and they were able to provide relevant
information. It was furthermore noted that, majority of respondents 58 (60.4%) level
of income was below 2300Tsh per day (Table 4.1). This implied that poverty is
among the challenge facing majority of community members in Monduli district
which may affect harvesting and managing of rain water in the study area.
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Table 4. 1: Respondents Demographic Information
Variable Name

Frequency (N=96)

Percentage (%)

18 – 34

26

27.1

35 – 59

49

51

60 and above

21

21.9

Total

96

100

Female

51

53.1

Male

45

46.9

Total

96

100

Informal Education

28

29.2

Ordinary Secondary Education

61

63.5

Advanced Secondary Education

1

1

Certificate

4

4.2

Diploma

2

2.1

Total

96

100

2 to 5 years

4

4.2

6 to 10 years

18

18.7

10 years and above

74

77.1

Total

96

100

Below 2300Tsh per day

58

60.4

2300 – 5000Tsh per day

25

26

5000 – 10,000Tsh per day

11

11.5

10,000 – 20,000Tsh per day

2

2.1

Total

96

100

Age of Respondents

Sex of Respondents

Level of Education

Duration of Stay in Study Area

Level of Income

Source: Field data, (2019)
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4.2.2 Rain water harvesting in the study area
The results of this study discovered that the community perceive rainwater
harvesting differently. During the household survey, 57% of all respondents reported
that, the rain water harvested in the area is good while 33% perceive as very
good(Fig 4.1). This implies that rain water harvesting in the study area is well known
since it is widely used as means of water consumption in their daily life and people
have positive attitude towards rain water harvesting.
During the interview with the Village leader, he had the following to add;
“Awareness of rain water harvesting was gained after long
struggle of community members searching for water in a very
long-distance places due to water scarcity problem. The
government initiate through leaders by providing education to
the community on rain water harvesting techniques such as
runoff and rooftop harvesting”.
On the other hand, Village Executive Officer added that;
“Rain water harvesting has been a major sources water for
domestic use and other consumptions in our village for many
years. Thus, the community members are aware enough to
practice different methods of rain water harvesting.
This implies that community gained experience of harvesting rain water after the long
struggle of water scarcity problem and people walking long distance to search water
for domestic use. Thus, rain water harvesting has to a large extent assisted the
community members in sustaining with water scarcity problem. This concurs with
study done by Abdelfadeel (2012)which reported that level of awareness of rainwater
harvesting was higher to farmers due to their long time experience of harvesting rain
water and rain water harvesting being the major source of water in the area. However,
the current findings is contrary with those of (Hatibu et al., 2003) who revealed that
individuals with higher level of education are likely to become more aware of rain
water harvesting techniques. But in this study, the level of education of community
members in the study areas was low and still they had awareness on rain water
harvesting techniques and they have been practicing the harvesting for more than ten
(10) years.
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Figure 4. 1: Perception of Rain Water Harvesting in the study area
Source: Field data, (2019).
4.2.3 Ways of Rain Water Harvesting
The findings revealed that rain water harvesting is being done in several ways. These
ways include runoff rainwater harvesting and rooftop rainwater harvesting. In
reference to all villages involved in the study, it was revealed that the most way used
in harvesting rain water is runoff rainwater harvesting (Table 4.2). The findings were
also supported by Village Executive Officer who stated that:
“Honestly, in our village there are places where people use
rooftop harvesting and runoff harvesting of rain water. But
the most common method used is runoff harvesting of rain
water”.
However, in supporting the above statement, District Water Officer had the
following to say;
“Harvesting of rain water is being done for many years in
our district and this is due to nature of the place being semiarid, thus runoff water harvesting is highly used by
community members because it is the easiest way compared
to rooftop water harvesting”
The findings imply that, in the study area, the main ways of rain water harvesting is
runoff rainwater harvesting. This is due to its easiness and cheapness to operate
compared to other rain water harvesting methods. The study tally with the findings
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by Rugai and Kassenga (2014), that the increasing climate variability and change of
rainwater accessibility has been distinguished to be a threat to some of semi-arid
societies because during the rainy periods, most of the surplus rainwater is lost
through surface runoff as there are no suitable rainwater harvesting schemes. This is
to reveal that, runoff and rooftop rain water harvesting are main methods used by
communities for obtaining water from rain.
Table 4. 2: Ways of Harvesting Rain Water
Variables

Name of Villages (%)

Ways of harvesting rain water

Mbuyuni

Losimingori Mti mmoja

(N = 50)

(N = 30)

(N = 16)

Rooftop rain water harvesting

12 (24%)

2 (6.7%)

3 (18.7%)

Runoff rain water harvesting

38 (76%)

28 (93.3%)

13 (81.3%)

Total

50 (100%) 30 (100%)

16 (100%)

Source: Field data, (2019).
The results of the findings revealed that there is a relationship between the level of
income and ways of harvesting rain water (Chi-square =8.541, df 3, p-value 0.036).
People with reasonable income prefer much rooftop harvesting than runoff rain water
harvesting. Thus, in the study areas, majority of the household earn less than 2300
Tsh per day thus way most of them prefer cheapest ways of rain water harvesting i.e.
runoff rain water harvesting. Majority as shown in (Table 4.2)depend on harvesting
rain water through runoff because of high cost associated in rooftop rainwater
harvesting for survival.
4.2.4 Storage Facilities of Harvested Rain Water
The research findings revealed that, there are different storage facilities used for
storage of rain water harvested for use. Such facilities are tanks, buckets drum, and
buckets. In the study area, it was revealed facilities mentioned are being used by
households for storing the harvested rainwater (Table 4.3). This is also shown in the
statement made by Village leader during interview that;
“Storage facilities in the community are available depending
on the level of household income, however the commonly used
storage facilities in households are drums, tanks and buckets”.
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Another Key informant namely District environment officer during the interview
added that;
“There are different kinds of storage facilities used in storage
of harvested rainwater in the district. Such storage facilities
range from community level to household level. In community
level there are dams constructed to preserve runoff rain water
while in household prefer tanks, drums and buckets”.
The findings imply that in most cases, households use tanks, drums and buckets as
storage facilities of rain water. However, the use of such kind of storage facilities are
not sufficient to store enough water for domestic use for a long time. This is because
the level of income in most of the households in the study area is low and thus, they
experience difficulties to afford larger tanks and other bigger water storage facilities.
The study finding is similar to the findings by Sullivan et al. (2003)who have made
the link by evaluating water poverty index from the interrelating machinery of water
uses, water access, environmental facets and capacity for water management.
Therefore, due to poverty many people have failed to adapt to the problems of
climate change on the question of rainwater harvesting.
Table 4. 3: Storage Facilities of Harvested Rain Water
Name of Villages (%)
Storage Facilities

Mbuyuni

Losimingori Mti mmoja

(N = 50)

(N = 30)

(N = 16)

Buckets

37

22

10

Tanks

33

17

7

Drums

24

19

9

Constructed ground reservoir (dams) and 20

11

5

25

14

ponds
Total

42

*=Multiple Response
Source: Field data, (2019)
Through Pearson correlation, it was found that there was a relationship between level
of income and storage facilities used by a given household (Chi-square = 7.948, df =
9 and p-value = 0.038). This implies that the level of income of the household
33

determined the storage facilities. This means that households with good income are
able to buy sufficient storage facilities such as big tanks while with low income, are
able to use facilities of low price such drums, buckets and small tanks that cannot
store large quantity of water.
During the non-participant observation, some of the storage facilities that are highly
being used by household in the study area were noted. Among the storage facilities
used by household were ground storage reservoir, tanks, buckets and drums (Plate
4.2-4.4).

Plate 4. 1: Ground storage reservoir
Source: Field data, (2019) by Singano, Emiliana
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Plate 4. 2: Tank used to store rain water harvested
Source: Field data, (2019) by Singano, Emiliana

Plate 4. 3: Plastic buckets and drum used to store harvested rain water
Source: Field data, (2019) by Singano, Emiliana.
Based on the findings from the non-participant observation, it was revealed that the
storage facilities used for storing harvested rain water are not sufficient to meet the
demand of water to the households in a long period of time. This situation is similar
with that of Blanchard (2012) who stated that in Uganda, majority of community
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members use pots and basins, bricks and mortar tanks and metal drums as means of
preserving the harvested rain water which are not sufficient in storing large quantity
of water. However, the study done by (Worm, 2006) revealed that the required
storage facilities for harvesting large quantity of water are required for long term use.
Such facilities are such as above or underground tanks from a cubic meter to
hundreds of cubic meters.
4.3 Analysis of microbiological (faecal coliform) of rain water harvested
4.3.1 Bacteriological parameter
Quality of harvested rainwater is very essential to the health of the people. Therefore,
water samples were collected and tested for biological parameter (faecal coliform).
Data from laboratory analysis showed the presence of faecal coliform in the water
(Table 4.4). This implies that, the harvested rainwater in the study area is not safe for
domestic use especially for drinking, unless treated. The contamination is mainly
attributed by poor management of the storage facilities, poor cleanness of the gutter,
contamination through wind which brings small particles to open storage facilities,
run off which carries faecal materials due to open defecation as most of the
households practice pastoralism.
Table 4. 4: Results of Bacteriological Parameter (faecal coliform) on Water
Quality Analysis
Sample

Results

Units

Tanzania
standards

Lembris ground reservoir

1766.67

Cfu/100ml

0

Meng’oriki ground reservoir

2733.33

Cfu/100ml

0

Peter Sironga storage tank

136.67

Cfu/100ml

0

Raphael Singano storage tank

20

Cfu/100ml

0

Tubanane ground reservoir

1209

Cfu/100ml

0

Lerunya ground reservoir

3217

Cfu/100ml

0

Barabarani ground reservoir

3023

Cfu/100ml

0

Zacharia storage tank

110

Cfu/100ml

0

Bahati Gasper Storage

12

Cfu/100ml

0

Source: Field data, (2019)
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The results in (Table 4.4) indicate that the water is not suitable for drinking because
the values do not meet the standard of drinking water which is supposed to be 0 cfu
/100ml
This is in line with the study done by Lye (2009)and Ahmed et al (2010) who stated
that the harvested rain water that is untreated, for domestic purposes may result to
different kinds of diseases such as diarrhoea, pneumonia and tissue helminths to
mention a few. This also concurs with study done by (Simmons et al., 2001)who
revealed that rain water harvested through rooftop method has been reported to
contain pathogens that causes illness in human body with nausea, vomiting and
diarrhoea happening between 12-72 hours after the ingestion of contaminated water.
4.3.2 Ways Used to Ensure Safety of Stored Harvested Rain Water
The study findings revealed that there are several ways used by community to ensure
safety of stored rain harvested water before use. Such ways are covering the storage
facilities, filtering, washing the storage facilities, boiling stored water for drinking,
first flush off and cleaning the catchment area. In the surveyed villages, the main
methods used to ensure safety of stored rain harvested water is through covering the
storage facilities, filtering and washing the storage facilities (Table 4.4).
However, during the interview with District water officer had the following to say;
“As water officer, I always provide education to the
community on ensuring the storage facilities are free from
contamination and emphasize on covering and cleaning
storage facilities regularly, also boiling the stored water
before drinking to avoid diseases”.
Village leader also had this to add;
“During the dry season, it has been a law of community
members to work together to ensure the cleanness of ground
reservoir through remove of sand deposited during heavy rain
and also drilling. This is done to ensure cleanness of the dam
and safety of the water harvested”.
The findings imply that community members are aware of ways of ensuring safety of
stored harvested rain water (Table 4.5). However, such methods are required to be
done regularly to avoid diseases and contamination in the stored harvested water.
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The study findings are similar with Radaideh et al. (2009) who revealed that safety of
stored harvested rain water varies depending on the location, catchment area and
availability of public sanitary systems. However, the study also acknowledged that
rainwater stored in storage facilities such as dams, tanks are unsuitable for drinking
purposes until boiled or treated since the rain water harvested indicated the presence
of faecal coliform.
Also, the study finding resembles with that of Ntale and Moses (2003)who revealed
that the use of first flush retainer is of a greater significance since it helps in ensuring
the quality of water harvested from rain. This is because the first flush retainer
removes all pollution and hygienic substance from the harvested rain water before
storage.
Table 4. 5: Ways Used to Ensure Safety of Stored Harvested Rain Water
Name of Villages (%)
Ways to Ensure Safety

Mbuyuni

Losimingori Mti mmoja

of Stored Harvested Water

(N = 50)

(N = 30)

(N = 16)

Covering the storage facilities

30

16

7

Filtering

17

9

6

Washing the storage facilities

11

5

8

Boiling drinking water

14

11

5

First flush off

9

4

3

Cleaning the catchment area

8

4

1

=Multiple Response
Source: Field data, (2019).
During non-participant observation in the study area, the researcher succeeded to see
one of the facilities used to filter the stored water for safety (See Plate 4.5).
Furthermore, it was discovered that in the study area, the treatment of water is rarely
conducted, a situation which can cause threat to health condition of human beings.
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Plate 4. 4: Facility used to filter water for safety
Source: Field data, (2019) by Singano, Emiliana.
4.3.3 Challenges faced by Community on Rain Water Harvesting
The third research objective sought to determine the challenges faced by community
on rain water harvesting and ways used to overcome such challenges.
The findings indicated that there are several challenges that community members
encounter in harvesting of rain water. However, in the villages surveyed, majority of
the respondents mentioned low level of income has been a major challenge that
hinders them in well establishing advanced facilities and employing advanced
techniques in harvesting of rain water (Table 4.6)
During the interview with informants, one village leader had the following to say:
“Based on the nature and lifestyle of people in my village,
they are poor and due to their low incomes, they fail to
accommodate quality water tanks to harvest enough water
instead they use buckets and drums that store little amount of
water”
Also, another village leader added that;
“Most of the village members do depend on rain harvested
through runoff water collected on constructed village dams,
but the problem is the constructed dams are not safe since
they are not closed and are easily to be polluted”
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Based on the quotes from key informants, it is evident that community members in
the study area encounter challenges in harvesting of rain water due to low level of
income that hinders them from accessing bigger and advanced facilities in storing
enough water that can be utilized in a longer period of time. This concurs with the
study done by (Worm, 2006)who revealed that most of rain water harvested in
developing countries are being stored in tanks, drums and buckets due to the level of
income of the families. The evidences was also revealed in the the study done by
Munishi and Sawere (2013)who noted that in Pangani basin and Kikuletwa
catchment villages lack infrastructure for storing water during rainy season of which
limits their opportunity of harvesting water for irrigation and household usage.
Furthermore, during the interview with District water officer also commented that;
“Most of the houses built here does not have iron sheets to
put gutters that will assist in harvesting rain, this is due to
nature of the economy of the place being poor, thus most of
the households depends on water harvested in community
ground reservoir”.
Poor technology used in harvesting rain rainfall also has been mentioned as among
the challenges facing the community. This is because in the study area runoff rain
water harvesting method is highly used than rooftop rainwater harvesting due to low
incomes that hinder them in accommodating expenses for harvesting rooftop rain
water. This concurs with study done by Gould (1992)who noted that technology of
conveyance system of harvesting rooftop water is expensive since it requires gutters,
iron sheets, bamboo pipes, large tanks, filters to ensure the complete water
harvesting.
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Table 4. 6: Challenges Facing Community on Rain Water Harvesting*
Name of Villages (%)
Challenges facing community on Mbuyuni

Losimingori Mti mmoja

RWH

(N = 50)

(N = 30)

(N = 16)

Low level of income

41

22

9

Inadequate storage facilities

33

18

7

Poor technology used in RWH

13

7

4

7

5

15

7

Depending on one source of water 6
for human consumption
Climate change impact

30

*=Multiple Response
Source: Field data, (2019)
The study findings showed that there were climate change impacts on rain water
harvesting. The direct impacts mentioned by respondents in the villages surveyed
were such as change in rainfall intensity, increase in temperature, wind speed,
prolonged drought and floods (Table 4.7).
During the interview with District Environmental officer, had the following to say on
direct impact of climate change to RWH;
“Based on several weather records, it is estimated that there
will be continuous low rainfall due to climate change, of
which will adversely affect the rain water harvesting in many
parts of the country including Monduli district. Due to this
situation the community needs to cope with the climate
change by adopting new means of surviving to store enough
just after rain begins”.
On the other hand, District water officer during interview had this to add;
“Since Monduli is semi-arid in nature, the temperature is
high which increase the level of evaporation, which lead to
water loss and result to water scarcity”.
Based on the above quotations, it has been evidenced that the climate change has
direct impact on rain water harvesting since when there is change in rain intensity.
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Thus community members fail to access clean and safe water for drinking due to the
nature of the location being semi-aridarea. Moreover, the rise and fall of temperature
also affects the availability of rain water through evaporation from the open dams
Table 4. 7: Direct Impact of Climate Change of Rain Water Harvesting*
Name of Villages (%)
Direct impacts of climate change on RWH

Mbuyuni

Losimingori Mti mmoja

(N = 50)

(N = 30)

(N = 16)

Change of rainfall intensity

38

23

7

Increase in Temperature

21

21

7

Wind speed

9

10

6

Prolonged Drought

32

18

8

Floods

19

12

6

*=Multiple Response
Source: Field data (2019).
4.3.3.1 Change in Rainfall Intensity
The change of rainfall pattern, also affects the process of harvesting rainwater,
sometimes the rain may start raining too early or too late. When the intensity
becomes high it gives grace to those with many storage facilities to store large
amount of rainwater and hence serve them during long period of no rain compared to
those with less facilities. The study findings revealed that in all the villages surveyed
had been experiencing the acute shortage of rainfall in the past years.
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Figure 4. 2: Average Annual Rainfall (mm/day)
Source: African Flood and Drought Monitor (2019).
Figure 4.2 shows the precipitation annual trend of rainfall in the study area 1970 to
the year 2018. The graph reveals the decline of rainfall intensity from 1970’s to
2018. Thus, this implies that the change in rainfall has adverse impact on rainfall
harvesting processes. This concurs with Biswas and Mandal (2014) who revealed
that the amount of rainfall has significantly impacted rain water harvesting in
Bangladesh. Moreover, according to the world Weather Online (2020) revealed that
since 2009, Monduli district have been experiencing serious shortage of rain. This
proves the change of rainfall intensity in the study area of which since 2009 to 2018,
there have been shortage of rainfall which affected RWH to a large extent.
4.3.3.2 Increase in Temperature
The findings revealed that in the study area, there have been the increase of
maximum and minimum temperature since 1970 where it was 26.40C and in 2018
where it reached 33.10C. The study also revealed that, the minimum annual
temperature in the study area has been increasing since 1970 where it was 15.10C and
in 2018 where it was 19.010C.

43

Figure 4. 3: Annual Maximum Temperature (0C)
Source: African Flood and Drought Monitor (2019)

Figure 4. 4: Annual Minimum Temperature (0C)
Source: African Flood and Drought Monitor (2019).
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Figure 4.4 and 4.5 shows clearly the increase of maximum and minimum
temperature in the study area since 1970s to 2018. This implies that the higher the
temperature leads to high evaporation particularly in the open dams and reduce
amount of rain water storage during rain.
4.3.3.3 Wind Speed
The study findings revealed that there has been an average wind speed since 1970 to
2018 ranging between 2.0m/s and 2.5m/s (Fig 4.6) extreme weather condition, for
example rain accompanied by wind, may damage the infrastructure such as breaking
of gutters of roof top water harvesting and lead to loss of large amount of rain water.
However,(Forest & Feder, 2011) argued that, wind and rain are associated with
rainstorms and the most awful weather conditions but mutually they do also offer
chances for the collection of sufficient water in the course of rainfall.
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Figure 4. 5: Annual Wind Speed (m/s)
Source: African Flood and Drought Monitor (2019).
4.3.3.4 Prolonged drought
Even if there are enough facilities for water storage such as dams, sometimes due to
drought or shortage of rain, is impossible to harvest enough water in a certain period.
The prolonged drought also increases evaporation where by the harvested rainwater
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through run off in the ground reservoir get dried and hence increase the problem of
water scarcity (Plate 4.6). The changing variability of rainfall patterns and rising
temperatures associated with climate change are expected to contribute to increased
frequency of water scarcity and drought as stated by UNFCCC (2014).

Plate 4. 5: Prolonged drought effect on RWH
Source: Field data, (2019) by Singano, Emiliana.
4.3.3.5 Flood
Floods have got negative impacts to the ground reservoir whereby the amount of
water held increases and cause the bank of dams to break and destroy the
infrastructure for capturing water (Plate 4.7). It later causes water shortage problem
among the community members in the study area. At times floods may also cause
siltation in the dams and cause water problem to the community. Because of this
destruction water storage become problem as its banks are carried away by water and
leave bare holes/caves that holds no water.
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Plate 4. 6: Effect of Flood on RWH
Source: Field data, (2019) by Singano, Emiliana.
4.3.4 Indirect Impacts of Climate Change on Rain Water Harvesting
The study findings also revealed the indirect impacts that have been brought due to
climate change on rain water harvesting. In the villages surveyed, respondents
mentioned some of the indirect impacts such as water crisis, drought, hunger and
diseases (Table 4.8). During the interview with District Water Officer stated that;
“In Monduli district, the problem of water scarcity brought by
climate change has led to introduction of time table for water
to the community members. This happens in community ground
reservoir (dam) where only members who were responsible in
building the dam are eligible for getting 6 buckets of water
only and were given water from 6 am to 9 am everyday”
The above quotes imply that, the scarcity of water brought due to climate change in
the study area has led to rise of diseases like typhoid and diarrhoea due to the use of
contaminated water from unsafe sources of water and also cause drought which
affects the income generating activities to most of community members. The
findings are in line with the findings by Sullivan et al. (2003) who reports on the
water poverty index from the interrelating mechanism of access water, water uses,
environmental features and capacity for water control. Therefore, due to poverty
most people fail to adapt to the issues of climate change in the process of harvesting
rainwater. On the other hand, the findings are in line with Machethe (2011) who
revealed that when water is scarce due to climate change then, environment will be
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polluted, there will be no food, there will be increase in commodity prices and
increase the level of poverty of a said geographical location.
4.3.5Strategies Employed by Community to Overcome Rain Water Harvesting
Challenges.
The research results have indicated that there are several ways used by community to
address challenges they encounter in rain water harvesting. However, based on the
findings obtained from the villages surveyed, majority of the respondents mentioned
that construction of new dams that can store more water has been highly executed
with the assistance of the government and non-governmental organizations. During
the interview with village leader, he added that;
“The government has constructed a dam for harvesting rain
water, however, it should build the large size so as to sustain the
demands of water consumption even during the rainy season” But
with this efforts, we thank the government because their support
has reduced the problem of water scarcity.
Also, the other village leader commented that;
“In Losimingori village, the government has assisted in building
a dam called Naaralami. The dam is helpful to the community but
we advance our request to them to enforce the laws to the
pastoralists who send their livestock to the dam for drinking
water because it can reduce the depth of those dams”.
Therefore, basing on these data there is a need to increase the efforts to mitigate the
problem as many people are in need of their help.
Increasing number of storage facilities was also among the ways to address the
challenges of rain water harvesting. In the villages surveyed it was shown that the
community together with government have been making efforts to increase number
of dams as storage facilities for storing community water through runoff rainwater
harvesting.
On the other hand, educating the society on rain water harvesting and ways of
ensuring safety of stored water was among the ways to address community
challenges on rain water harvesting. This was evidenced when one Ward Executive
Officer interviewed had this to say;
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“In village meetings, we take time to educate the community
on the importance of harvesting rain water, and educating new
methods and techniques of harvesting. Also, we take time to
emphasize on ensuring safety of stored rain water harvested
and ensure boiling of stored water before human consumption
to avoid diseases”
Changing of water use practices like using of pit latrines is among the methods used
to sustain water usage in the area of study. This has been used in one way to
eradicate the problem of water scarce in Monduli district. This concurs with study
done by Gorelick and Zheng (2015) who noted that where water is scarce, the
overexploitation needs to be managed as to adopt new strategies that will require
little consumption of water usage. To verify the information, one informant had the
following to say:
The members in our society has tried much to their level to make
sure that they utilize enough water that can sustain in our
households. This has been done even by digging up latrines that
at least give enough water for our daily consumptions
Furthermore, in 2013 the UNDP reinforced a local NGO in building dams that store
up to 220,000 litres of rain water harvested (Orlove, 2005). The government of
Tanzania has also financed in building of water pools at the catchment in KidundaMorogoro to intensify water stream in Ilala – Dar es Salaam. All this has been done
as a way to ensure enough water availability in the society to sustain their daily life.
Therefore, people must be given education for them to manage with the upcoming
climate challenges, ethical values and risk awareness about the changes for people to
set rules and conditions to manage risk and social change of water scarcity.
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Table 4. 8: Ways to Address Community Challenges on RWH
Ways to Address Challenges

Frequency (N = 96) Percentage (%)

Construction of new dams

88

91.6

Increase number of storage facilities

56

58.3

Provide education on water treatment

44

45.8

40

41.7

Adapt new rain water harvesting techniques

23

23.9

Renovation of storage facilities

20

20.8

Change water use practices such as pit
latrines

*= Multiple Response
Source: Field data, (2019).
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATION
In this chapter the research conclusion has started with literature. The assessment
framework of this study namely the conceptual framework of assessing Reliability of
Rainwater Harvesting as a Strategy to Alleviate Water Scarcity has been developed
to guide this research and to drive the overall research flow.
The study has employed four instruments in this research on assessing Reliability of
Rainwater Harvesting as a Strategy to Alleviate Water Scarcity in Monduli which
were,

Key

Informants

Interview,

Non-participant

observation,

Household

Questionnaire Survey and Laboratory analysis became main data collection of the
study. This was important to ensure the successful of this research.
One of the contributions of this research was to build up the ability of installing
rainwater systems for long-term usage of water and ensure safety of harvested
rainwater for the future consumption,
Basing on the findings prescribed in this study, then it can be concluded that
assessing Reliability of Rainwater Harvesting as a Strategy to Alleviate Water
Scarcity was one among ways to make an improvement in accessing rainwater. This
can be done by incorporating both the internal stakeholders and external organization
to launch the adequate RWH system. The problem of water resource availability in
Monduli needs to be addressed by paying a serious attention to ensure the
performance and hence reliability of RWH is up to the required standard.
Although RWH is a solution of water shortage as an impact of climate change, but
also climate change affects the process of rain water harvesting.
All the data and information stated in this report is purely from data collection on
existing scenario. This study is also a platform towards the improvement on
Reliability of Rainwater Harvesting as a Strategy to Alleviate Water Scarcity in
Monduli district.
The study, addressed three objectives namely: to assess rain water harvesting and
management by community in Monduli district, to assess the quality of RW
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harvested by analysing bacteriological parameters (faecal coliform) and to determine
challenges faced by community on rain water harvesting and how community
address such challenges in Monduli district. Therefore, this chapter highlights the
objectives achievement in which the results revealed that the community under the
area of study are highly affected with the water scarcity. The result also revealed that
the quality of RW harvested is questionable since it is highly affected with bacterial
parameters. Furthermore, the results displayed that climate change is one of the
major factor that are highly affecting the process of RWH is the study area.
Apart from this, the recommendation is also listed, based on the key findings from
this study. This research is projected basing on three objectives that are based on the
problem statement, namely“ Reliability of Rainwater Harvesting as a Strategy to
Alleviate Water Scarcity in Monduli district, in the villages of villages of Mbuyuni,
Losimingori and Mti mmoja, Tanzania”. Below are the objective achievements;
Basing on the study findings, the first objective in this study is achieved through
people views and groundwork. It is based on both primary and secondary data
collection, namely interviews and literature review. The study findings revealed that,
in the study area the main method used to harvest rain water was through runoff
rainwater harvesting. This method has been done for decades in the study area. The
study also revealed that, few of the community households use rooftop water
harvesting. The main reason for majority of community members to use runoff
rainwater harvesting is that most of the households are unable to install improved
infrastructure like water tanks, gutters and houses covered with corrugated iron
sheets that could be used to harvest rain water through rooftop. All of these were
seen to be associated with low level of income.
The study findings went further revealing that the majority of community households
uses tanks, drums, buckets and constructed dams as storage facilities for harvested
rainfall (See Table 4.3). However, the safety and management of the stored water
remain poor since majority of households are not interested or are unable to boil
harvested water before human consumption. Also, the storage facilities are not well
cleaned and left open thus, make them easy to be contaminated, hence diseases.
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The third objective aimed to analyse the bacteriological parameter which was very
essential to the health of the people. Therefore, water samples were collected and
tested for biological parameter (faecal coliform). Data from laboratory analysis
showed availability of faecal coliform in the water (Table 4.4). This implies that, the
water harvested in the study area is not safe for domestic use especially for drinking,
unless it is treated. The contamination is mainly attributed to poor management of
the storage facilities, poor cleanness of the gutters, wind which brings small particles
to open storage facilities, run off which carries faecal materials due to open
defecation as most of the households practice pastoralism and do not make their own
latrines.
The third research objective aimed to determine the challenges faced by community
on rain water harvesting and ways used to overcome the challenges. The findings
showed that the main challenges encountered by community include low level of
income, inadequate storage facilities, climate change impacts on rainwater
harvesting, diseases, poor technology used in rain water harvesting and dependence
on one source of water for human consumption (Table 4.6). The findings categorized
the climate change impacts in two categories namely; direct and indirect impacts.
The findings showed that in Monduli district, the most direct impacts of climate
change on rainwater harvesting were change in rainfall intensity, rising of maximum
and minimum temperature and wind speed (See Table 4.7), and indirect impacts of
climate change on rainwater harvesting were water scarcity, hunger and diseases
(table 4.8). However, the findings also revealed some of ways used by community in
addressing the challenges. Based on the findings, it was revealed that there are efforts
made by community in addressing the said challenges which are construction of
enough dams for storing enough water for community consumption, increase number
of storage facilities, educating the society on rain water harvesting and ways to
ensure safety of stored water. Also, adopting new rain water harvesting techniques to
ensure efficiency of water to avoid scarcity of water in the households (See Table
4.9).
This implies that the community, regardless of the challenges they encounter on rain
water harvesting, still they apply several strategies to ensure they adapt changes so
that to solve the problem of water scarcity for the purpose of ensuring their survival.
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This part is intending to windup the whole study. Four further recommendations are
going to propose further research about assessing Reliability of Rainwater
Harvesting as a Strategy to Alleviate Water Scarcity as follows:
i.

This study focuses only on projects that will ensure enough water supply in
Monduli district. Bigger sampling should be carried out for comparison and also
different water quality parameters should be analysed. This comparison should
base on government projects and thus under private agencies. The result between
these two agencies can be compared to determine how the problem of rainwater
harvesting can be mitigated in Monduli district.

ii.

Also, intervention should be done to improve RWH infrastructure for instance
the use of filters in ensuring the harvested water is safe and potable enough for
human use like what is done at Nelson Mandela Institute.

iii.

Similar research should also be conducted using different type of buildings such
are residential buildings. The results obtained should be different from findings
of this research as the Reliability of Rainwater Harvesting as a Strategy to
Alleviate Water Scarcity on Rainwater Harvesting system for residential
buildings is under owner’s responsibilities.

iv.

In terms of household survey, similar study should be carried out using different
respondents, for example from perspective view of the users or stakeholder.
Results found from that study should be compared with the present study.

v.

Basing on the results obtained from this study, the main problem of Reliability of
Rainwater Harvesting as a Strategy to Alleviate Water Scarcity is the
organization itself. An in-depth study is needed to identify the factors of
depreciation RWH organization in government agencies either at management
level or technical support. The study should emphasize on building effective
rainwater harvested storage facilities.
Determination of harvested storage tank rainwater quality in owerri, southeast
Nigeria. European Journal of Biomedical AND Pharmaceutical sciences
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APPENDICES
Appendix I:Questionnaire
My name is SINGANO, Emiliana R, a student from the University of Dodoma
pursuing MSc. NRM. The purpose of this questionnaire is to collect information for
my research on Climate Change Impacts on Water Resource Management: a Case of
Rainwater Harvesting in Monduli. Your responses will be treated confidentially and
used strictly for the purpose of this study only.
Answer the following questions by putting a tick in an appropriate box and give
explanations where required.
Section A
Informants Background Information
1. Preliminary Information
a) Please indicate your age group
18 – 34

35 – 59

b) Your place of residence

60+

District

Ward

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

Village

Sub-village

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

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

........................
c) Sex: a) Male b) Female
d) Marital status: a) Married

b) Singlec) Divorced d) Separated

e) For how long have you stayed here?
a) Less than 2 years b) 2 to 5 years c) 6 to 10 years d) More than 10 years
f) Occupation
a) Farmers, b) workers c) business, d) other , but specify.........
g) The highest level of education you have completed a) informal education b)
ordinary education

c) advanced secondary education

d) certificate e)

diploma f) college/university
h) Level of income (Please put the level of income per household)
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a) Below 23000 Tsh b) 2300 -5000 per day c) 5000-10,000 per day d)
10,000 -20,000 per day e) Above 20,000 per day
Section B
The first objective (Ways of Rainwater Harvesting)
2. What are the main sources of water in your area? a) Tap water b) ground water c)
rivers stream d) rainwater harvesting e) other, specify........
3. How is rainwater harvesting perceived in your community?
a) Very good b) good c) average d) poor
4. What are the storage facilities used to store the harvested rainwater?
a) Water tanks b) drums c) community dams d) buckets e) other,
specify..............
5. How long have you been using RWH?
a) Less than 2 years b) 2 to 5 years c) 6 to 10 years

d) More than 10 years

6. What are the main sources of water in the previous period of 10 years ago?
.........................
7. What do you use the rainwater collected for a) for domestic use b) for
agricultural activities c) a and b, others, specify..............................
8. Kindly indicate the performance of RWH System you use.
a) Very Good
b) Good
c) Average
d) Poor
e) Very Poor
8

(i) comment on the quality of water?
a) Very good b) good c) medium d) very bad

ii) Give more explanation from 8 (i) above answer...............................
Section C
Second objective (Challenges)
9. Do you think this RWH system really helps in serving?? Water consumption?
a) Yes
b) No
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10. How reliable is the source of water supply? a) Not reliable at all b) Reliable c)
Very reliable d) others, specify................
11. What is the capacity of your storage facilities? (In litres) …………………
12. Have your tank ever been completely full? a) Yes

b) No

13. For how long would your storage facilities serve you with water?
a) 1-4 months b) 5-8 months c) 9 -12 months d) more than 12 months
14. Mention five challenges of climate change on rain water harvesting in your place
a) ................. b).................... c).......................d).........................e)......................
15. How do you ensure the safety of the stored harvested rainwater for different use?
a) ................. b)................
16. Who is the owner of the rainwater harvesting facility you use a) Household, b)
community ownership c) private d) self-facility
Section D
Third objective (Strategies)
17. Mention five challenges that you experience during water harvesting.....................
18. Identify five climate challenges on rain water harvesting......................................
19. Outline five strategies used to overcome the challenges.........................................
20. Indicate material used to prepare the rain water harvesting..................................
21. Give out the cost associate with the construction a) Less than 1 million Tsh b) 2
to 5 million Tsh c) more than 6 million Tsh
22. When or for how long has this rain water harvesting systems existed?
a) 1-5 years ago b) 6-10 years ago c) more than 10 years ago
23. For those RWH systems owned by government, community or private sector, is
there payment of services such as selling of water etc.? If yes, how?
24. How do you compare rain water harvesting in the last 10 years and current
situation?..........................................................................................
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Appendix II:Semi Structured Interview
My name is SINGANO, Emiliana R, a postgraduate student in the Department of
Geography and Environmental Studies at the University of Dodoma pursuing MSc.
NRM. The purpose of this interview is to collect information for my research on
Climate Change Impacts on Water Resource Management: a Case of Rainwater
Harvesting in Monduli District. Kindly respond to these questions to enable me
complete the academic exercise. You are rest assured that any information
volunteered will be treated confidentially and used strictly for the academic exercise
only.
Kindly spare a few minutes and give your cooperation on the following questions.

1. Please brief me on your a) occupation b) Marital status c) education level
First objective (Ways of RWH)
2. Do you use Rainwater harvesting as source of water in your area? What ways do
you use to harvest rain water?
3. How rainwater-harvesting system is perceived?
4. How the water harvesting idea did arise in your community? And how was it
done?
5. What role did you play in the implementation process?
6. What was the motivation to participate in the plan?

Second and Third objectives (Challenges and Strategies)
7. Is the harvested rainwater resolving the demands of the community? For how
long does it exist?
8. Are the people happy with the service? Why?
9. What challenges do you face in implementing Rainwater harvesting process in
your respective areas?
10. How some of the challenges encountered were solved or think should be solved?
11. Are there any challenges of climate change on rain water harvesting?
12. What are the strategies do you take to cope with the impacts of climate change on
rain water harvesting?
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13. Do you have your own rainwater harvesting system? If not, how do you manage
water service in your household?
14. How did the community deal with droughts in the past?
15. In the local area, how was the water situation before the rainwater-harvesting
plan was implemented?
16. What challenges were faced during the implementation of the plan to now?
17. What is your opinion to the government to strengthen the service of Rainwater
harvesting?
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Appendix III:Interview Question to key Informants
My name is SINGANO, EmilianaR, a student of Dodoma University pursuing MSc.
NRM. The purpose of this interview is to collect information for my research on
Climate Change Impacts on Water Resource Management: a Case of Rainwater
Harvesting in Monduli. Your response is secret and will not be disclosed, and the
information that you will provide will be used for the purpose of this study only.
Kindly spare a few minutes and give your cooperation on the following questions.

1. Please brief me short on your a) Position b) Marital status c) education level
First Objective (Ways of RWH)
2. Do your people use rainwater harvesting as a source of water in your respective
area? What are the common ways used to harvest rainwater in this area?
3. How rainwater-harvesting system is perceived by your citizens?
4. What role did you play or do you play in the implementation process of rain
water harvesting system?
5. How do you encourage your citizens to participate on rainwater harvesting?
6. Are the people happy with the service? For how long does the service exist?
Why?
Second and Third Objectives (Challenges and Strategies)
7. What challenges do your people face to implement Rainwater harvesting process
in your respective areas?
8. How were the challenges encountered solved or think should be solved?
9. Are there any challenges of climate change on rain water harvesting?
10. What are the strategies do you take to cope with the impacts of climate change on
rain water harvesting?
11. As a government what measure do you take to ensure enough water supplies to
your people?
12. What is your contribution as a government to strengthen the service of Rainwater
harvesting in your respective area?
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Appendix IV: Non-participation

Observation

(First,

Second

and

Third

objectives respectively)
A. To observe the rainwater systems (Its quality and quantity)
Quality of rainwater storage facilities
B. To observe challenges
Reliabilities of rainwater systems
Storage capacity
How people enjoy the service
C. Rainwater Harvesting Management
D. To observe the alternative ways people, use to cope with the climate change
challenges.
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Appendix V:

A permission letter for data collection from the University of
Dodoma
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Appendix VI: A permission letter from for data collection from Monduli
District
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