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ABSTRACT

Water resources cannot be managed unless we know where they are, in what quality and
quantity, how they are likely to be in the foreseeable future. Data from hydrological
monitoring networks are used by public and private sectors for variety of different
applications. This paper assesses the value propositions of the collection of data, how it is
collected, how accurately it is collected and how observers can be incentivized. This study,
therefore, examines the existing institutional arrangements for hydrological monitoring and
the practices of other institutions. The main aim of the study was to assess what determinates
the observer’s level of accuracy, in Ethiopia. In order to achieve the objective of the study,
data were collected from 105 observers via telephone from the 9 sub basins and from citizen
science stations. The 4 accuracy cut-off points were determined seeing the 15 years data and
using different criteria. The collected data were analyzed descriptively and Econometric
model (Ordered Probit Model). The result from the study is interpreted by how different
variables affect the level of accuracy. Based on the findings, the study concludes and
recommends that MOWIE could fill their recurrent gaps and take a lot from IWMI’s
approach of citizen science. Hence these two institutes could in Conesus to work together on
a hybrid approach, in order to enhance the level of accuracy of data collected by river

gauging observers.
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CHAPTER ONE
INTRODUCTION

1.1 Background of the Study

The concept of citizen science is well established, and several different definitions are given
by several researchers, both formal and informal, Citizen Science is most commonly defined
as science by non-scientists (Buytaert et al., 2014). A form of science enacted and developed
by citizens/public themselves the participation of the general public in the research design,
data collection, data analysis and interpretation process together with scientists (WIRE’s
Water, 2018). The public gains increased awareness about the environment while scientists
obtain valuable data at low-cost and with accuracy. Citizen science refers to the participation
of the general public in the generation of the new scientific knowledge (Buytaert et al., 2014).
The nature of this participation varies from data collection, analysis and use of data for policy
decision making based on their level of engagement of the participants. The main concerns in
citizen science are data quality or the accuracy of the data collected, lack of practical
guidance on how to set up citizen science monitoring programs, and initiating and sustaining

and up scaling citizens involvement (Rutten et al., 2017).

Water science is not an obvious discipline for the use of citizen science because many
measurements are technologically demanding (WIREs Water, 2018). But the technological
development, over the past two decades, made it possible to participate citizen scientists in
more endeavours such as measurement of precipitation, quality and quantity of water bodies,
hydrological risk reduction and resilience building etc. Hydrology remains a highly data-

scarce science; in many regions, if data exist, the lengths of the time series are insufficient.

Thus, involving citizen scientists or volunteers is very essential in order to improve the
problems we are facing today. Traditional methods struggle to create locally relevant,
actionable knowledge. For instance, traditional water level and discharge monitoring is
usually based on a sparse network of gauges that require extensive and technologically

complex maintenance, while accuracy issues over data can frustrate researchers.

In Ethiopia, the Ministry of Water, Irrigation and Energy (MOWIE) and the Basin
Development Authority (BDA) have the mandate to collect hydrological data. Every data

collected by observers in every stations, is then gathered by the supervisors from all the



stations in the country and it was submitted to MOWIE, where all collected ledger books are
encoded to MOWIE’s data base till the year 2015 (Mohammed, MOWIE, july 2020). Since
then for three consecutive years, the three sub basins out of the twelve sub basins where
delegated by MOWIE to collect, process, analyze, disseminate high-quality accurate
hydrological data’s and submit all data from this three BDA’S to MOWIE, to document all
national hydrological data all together. The three sub basins where; Awash sub-basin, Abay
sub-basin and Rift Valley lakes sub-basins which were changed to Awash Basin
Development Authority (ABDA), Abay Basin Development Authority (ARBDA) and Rift
Valley lakes Basin Development Authority (RVBDA) respectively. But in 2018, MOWIE
realized all this three sub-basins are better-off under one delegate called the Basin
Development Authority (BDA). With consent of reporting and submitting the data collected
by the observers of the past three years while they were under their own authorities and after
they come under one BDA but they still haven’t sent the collected data ledgers till today. The

hydrology data is not well documented and well gathered.

Hydrological monitoring requires a continuous and lasting effort since hydrological flow rate
and states are highly variable both in space and time. Therefore, there is a concern that, even
though citizen scientists are engaged voluntarily, citizens maybe become reluctant to
volunteer for repeated, frequent and long term measurement. Different types of level of
engagement have been stated by different researchers, which are clearly stated in the
literature part of this study. However, the participatory approach has shown to work best
when there is active buy-in from the local community that is, the incentives to local

stakeholders should be highlighted (Haklay, 2012).

Incentives are very essential in order to keep them motivated and the good work they have
been doing so far should be rewarded. Motivation is defined as an individual’s degree of
willingness to exert and maintain an effort towards organizational goals. Whereas, motivation
is in turn influenced by incentives (kragh., 2016). The quality of data which is collected by
citizens is often a major concern due to low technical capacity. However, the data can be
reliable (Fore et al., 2001), therefore the quality of data should be critically evaluated using

both qualitative and quantitative method.



1.2 Statement of the problem

One of the most commonly asked questions about river flow (or level) data are ‘How
good/accurate are the data? This generic question is asked by almost all data users, whether
consultants working on flood or water resources studies, scientists undertaking research,
‘strategic’ data users, such as government departments, the public or media, and

environmental managers. It is also a question asked by hydrometrists themselves.

Zemadim et al. (2013) highlighted that hydrological monitoring for the provision of high-
quality accurate hydrological data is crucial to support decisions on sustainable land

management and water allocation strategies, and for weather forecasts and early warnings.

Citizen science has great potential as a tool for environmental monitoring. Volunteers already
make a valuable contribution by monitoring various environmental attributes, thus increasing
the use of citizen science. There are many major concerns regarding the effectiveness,
reliability and accuracy of government led hydrological monitoring. This is due to a lot of,
regular payments to observers is often interrupted , there is barely a regular visit of the
gauging sites by the supervisors , slackness of the observers and supervisors, lack of
awareness of how important is hydrological monitoring etc..Therefore, the long term data

collected is not reliable, adequate, accurate or complete.

Evidence shows that there are gaps in hydrological data in Ethiopia due to limited coverage,
and poor data quality and continuity (Haile et al. 2017). Some of the underlying causes of
these data gaps are outdated and out-of-service gauging stations, inadequate equipment
calibration, limited telemetry systems and lack of adequate or modern data acquisition and

management systems (NBI 2016).

As such, some of the existing collected time series data is either incomplete or not accurate.
Citizen science can help in filling the existing gaps (Walker et al., 2016). Therefore,
empowering citizens by citizen science, as scientists, can help improve the whole
management scheme and limit the drawbacks of national river monitoring process. However,
citizen scientists are still lacking a push factor that motivates citizens to invest their time,
energy etc... to engage in a citizen science projects (Tipaldo and Allamano, 2017). It is very
crucial to understand what motivates citizens to participate on citizen science and give them
the perception about the importance of accurate collection of hydrological data and

information for the country as a whole.



1.3 Research Questions

How to incentivize citizen scientists in order to motivate them in collecting accurate data?

What are the existing incentive mechanisms used by different institutions (MOWIE, NMA,
IWMI and others, if any) to motivate observers monitoring rivers in an accurate and cost

effective way?
Is financial incentive really recommendable? Financial Vs non-financial/ intrinsic incentives?

What incentive mechanism works best to enhance the level of engagement of volunteer

citizens participating in monitoring of rivers?

What are the opportunities and challenges of adopting citizen science in a cost effective,

efficient and accurate manner?

What should be the probability of getting different level of accurate data when different

variables vary?

1.4 Objectives

1.4.1 General objective
To conduct an Ordered Probit Model analysis of different levels of Accuracy various
mechanisms adopted by different institutions (MOWIE and IWMI) for observers monitoring

river gauging and recommend accurate mechanisms for collecting quality data.

1.4.2 Specific objective
Evaluate the various variables affecting accuracy of data and identify the constraints affecting

the whole data collection process?
To achieve cut-off point of accuracy for each stations.

Identify opportunities and constraints at MOWIE for adopting a particular incentive

mechanism for observers.
Evaluate the implication of scaling up and main streaming citizen science across Ethiopia?

Cost minimization technique through citizen science approach in relative to the traditional

method at MOWIE?



1.5 Methodology

This study is based on data collected from two institutions. Used both primary and secondary
data are gathered and analyzed. Primary data set are obtained through phone interviews. The
secondary data set are taken from MOWIE and IWMI. The study use Ordered Probit Model
to estimate regressions. It uses a continuous data set, more about methodology is briefly

discussed in chapter 3.

1.6 Significance of the Study

This research contributes to the understanding of factors that are determinants of accuracy of
the data collected by observers across Ethiopia. This may be important for several reasons. In
addition, the study incorporates citizen science stations tested by IWMI as one of the factors
that can determine accuracy of data collected by observers. Thus, the study findings further
provide relevant and valuable information that can be used to come up with policies that
enhance accuracy of data across Ethiopia. Moreover, this paper can be used as a reference
material to future researchers who aspire to conduct related studies and also will help to
supplement existing empirical studies on accuracy and hydrology. It can also help concerned
parties to focus their efforts towards helping observers and address the problem and working

together to fill their gaps.

1.7 Scope and Limitation and Challenges of the Study

The scope of the study focuses on the determinants of observer’s accuracy in Ethiopia. Its
spatial scope, as the title implies, is confined to Ethiopia. This study targets nine out of the
total of twelve sub basins existing in Ethiopia. The total numbers of station in Ethiopia that
are under MOWIE are 520 and the ones under the IWMI 30 stations. The main limitation of
the study is the lack of data collected by organizations related to the study objective and the
fact that we didn’t reach to the required number of sample size due to Covid 19 and time
constraint. The other limitations, that the researcher faced was office bureaucracy from
MOWIE. Lastly, it was very hard for the researcher to communicate on the phone interview
due to lack of trust between the two parties which made it very challenging in uncovering
how much they earn monthly or annually if they are farmers and some of them speak and

hear Ambharic just to the basics, which made it very challenging to communicate.



1.8 Organization of the Paper

The remaining part of the study is organized as follows; in Chapter two theoretical and
empirical literatures are reviewed. Following that chapter 3 gives a clear over view of data
and methodology. Chapter four presents and discusses the results of both the descriptive and
econometrics analysis. The last, chapter five presents conclusions and recommendations of

the research.



CHAPTER TWO
LITERATURE REVIEW

This chapter focuses on reviewing both the theoretical and empirical literature on the concept
of the determinants of accuracy towards adopting citizen science or hybrid or the current
method. The theoretical literature review focus on the construction of theories based on the
study. The empirical literature focuses on empirical evidence from developing countries in

general and Ethiopian, even though little has been done on this specific topic.

2.1 Theoretical Literature Review

2.1.1 The concept of citizen science

Citizen science is not a new phenomenon, but revived in the 20" century and gained
popularity worldwide over the past two decades. The historical starting point for citizen
science was largely based on environmental data collection by volunteers. Citizen science has
a long tradition in the natural sciences and its primary impact has been found in studies of
ecological changes in natural habitats (Dickinson et al., 2012). In recent years, citizen science
has been transformed and has gained momentum in a wide range of disciplines; especially in

the fields of ornithology, astronomy, meteorology and microbiology (Kullenberg et al.,2016).

Citizen science refers to the participation of the general public (i.e., non-scientists, citizens or
community members that volunteer) in the generation of new scientific knowledge, together
with professional scientists (Buytaert et al. 2014).Within the emerging trend of democratizing
science, the participation of nonprofessional scientists in research projects that involve data
collection, interpretation, and analysis is often termed citizen science.(WIREs Water , 2018).
Citizen science is a way to generate new scientific or environmental knowledge through the

involvement of members of the public in scientific research (Dickinson et al, 2012).

Community-based monitoring provides many benefits to society, including environmental
democracy, scientific literacy, social capital, citizen inclusion in local issues, strengthened
governance, and healthier ecosystems (Conrad et al, 2011). Citizen Science is a
manifestation of the collaboration of the public with researchers for common good. Some of
the importance of applying citizen science in conducting research is that data is collected,

with a relatively short period of time, reduce cost, community engagement by making it



easier to monitor projects and patterns for researchers. The increase in the use of citizen
science for research progression raises data quality concerns (Rise of the citizen scientist,

2015).

For citizen science projects to achieve sustained volunteer participation, communication
pathways between scientists, citizen scientists and non-participating community members
need to be carefully considered (Buytaert et al. 2014). Citizen Science is characterised by
three fundamental elements: (1) inclusion of citizens in the scientific process; (2)
contributions to both science and the public, and (3) reciprocity, i.e. a two-way

communication between scientists and the public (Golumbic et al. 2017: 2).

The concept of citizen science is well established, and several different definitions are given
by several researchers, both formal and informal, Citizen Science is most commonly defined
as science by non-scientists. A form of science enacted and developed by citizens themselves
the participation of the general public in the research design, data collection and
interpretation process together with scientists (WIREs Water, 2018). Citizen Science is also
about creating public engagement and it has the potential to stimulate public education as
well as facilitating democratic participation and increased public understanding of science

(Bonney et al., 2016).

Citizens can cost-effectively support hydrological monitoring (Weeser et al., 2018). Water
science is not a known discipline for the use of citizen science because many measurements
are technologically demanding. But the technological development, over the past two
decades, made it possible to participate citizen scientists in more endeavours such as
measurement of precipitation, quality and quantity of water bodies, hydrological risk

reduction and resilience building etc...(WIREs Water, 2018).

Hydrology remains a highly data-scarce science; in many regions, if data exist, the lengths of
the time series are insufficient. Thus, involving citizen scientists or volunteers is very
essential in order to improve the problems we are facing today. Traditional methods struggle
to create locally relevant, actionable knowledge. For instance, traditional water level and
discharge monitoring is usually based on a sparse network of gauges that require extensive
and technologically complex maintenance, while accuracy issues over data can frustrate

researchers.



2.2 What has been done in citizen science?

A lot has been done on citizen science in world and in our country as well. (Tamiru et al,
2019) examined in the Wutame and Branti watersheds of Ethiopia, that there was the capacity
for community based monitoring. In Wutame, there is a water shortage during dry season.
There are few well owners, since most people live on landscapes with poor shallow ground
water potential. When wells have been dug, owners often encountered rocks
by 5 meters depth and eventually abandoned efforts when the water table was not met (10-15

metre depth).

In Branti, however, there 1is a better understanding of the link between
groundwater occurrence and rainfall. Wells were dug during the dry season to extract water
from the ground that entered during the wet season. Also, the community recognizes the
threat of Eucalyptus trees which monopolise groundwater. Many households have hand dug
wells which they don’t think they are using to their full potential because of lack of better
water lifting technology and irrigation application technology. However, in Wutame because
wells were not dug during the dries period the water level drops below the well bottom
several weeks before the next rainy season. Therefore, wells are perceived as
unreliable. It was hypothesised that citizen science could empower the communities to
monitor hydrology so that areas of potential recharge could be identified to exploit shallow
ground water aquifers during dry season. There were many barriers or a limitation during the
study among them was the river water level during floods, lack of awareness of the

importance of citizen science and poor literacy of the community.

2.2.1 Citizen science in hydrology

The application of citizen science in hydrology and water resource science arrived rather late
in the former’s history, mainly because of the advanced technology required for monitoring
many aspects of the water cycle, which excluded the active involvement of non-professional

scientists.

Hydrological data are often difficult to interpret intuitively, while measurements tend to be
expensive. For these reasons, intensive scientific training and specialization is normally a
prerequisite for data analysis and manipulation (WIREs Water, 2018). Hence, development of
technology is paving the way for the more rapid uptake of citizen science. As technology has

progressed; citizens are now able to take part in sophisticated and extensive hydrological data



monitoring. Though citizen science is a relatively new term, people have been contributing to

scientific projects for many years.

Mobilisation of many volunteer monitors in Ethiopia for several years has demonstrated that
the citizen science method has great potential to legitimise and build capacity for
groundwater government. It was found that citizen scientist collects reliable hydro-
meteorological data which can be further refined by quality controls and varying incentives in

tandem with changing motivations (Osborne, 2019).

In their extensive study, Weeser et al.,(2018), evaluated the quality and quantity of data
generated by citizens in a remote kenyan basin and assesses whether crowd sourcing is a
suitable method to overcome data scarcity. The methodology used is by installing thirteen
water level gauges equipped with signboards explaining the monitoring process to passers-by.
Results were sent via a text-message based data collection framework that included an
immediate feedback to citizens. A public web interface was used to visualize the data. Within
the first year, 124 citizens reported 1175 valid measurements. They have identified thirteen
citizens as active observes providing more than ten measurements, whereas, 57% only sent

one record.

A comparison between the crowd-sourced water level data and an automatic gauging station
revealed high data quality. The results of this study indicate that citizens can provide water
level data of sufficient quality and with high temporal resolution. Using the best incentivizing
scheme in order to motivate citizen scientists is very essential. It is important to understand
the driving factors that keep participants motivated. Giving feedback to participants is
necessary, since it keeps the participants updated and prevents raising unrealistic expectations

associated with monitoring, management planning and rewards.

2.3 Institutional aspect of citizen science

Managing volunteers, however, is a difficult undertaking. Due to their non-contractual
relationship with nonprofits, volunteers “vote with their feet” and leave organizations when
they are dissatisfied (Walk et al, 2018). Hence, when looking in to citizen science it is also
necessary to see the interaction of the participatory approach from an administrative/
institutional point. It is essential to see how volunteering citizen scientists are handled

institutionally.

10



The ministry of Water, Irrigation and Energy (MOWIE) is responsible for obtaining the data,

but at present there is no structure to do so at a community level (Osborne, 2019)

However, the Ministry of Agriculture has structures in place spanning from a federal to
community level. However, the Ministry of Agriculture does not have the mandate to collect

hydro-meteorological data and needs permission from MOWIE to do so (Osborne, 2019).

Institutions are sceptical of the accuracy and reliability of citizen science to populate these
data sparse areas and inform governmental decisions regarding water resources. Certainly,

there must be proof of the accuracy, such as statistical validation (Osborne, 2019).

The government of Ethiopia encourages the engagement of the community in natural
resource management (Nigussie et al.,2019). For the data to gain legitimacy, it needs to be

institutionalised, incorporated into policy, and officiated as a data stream (Irwin, 2018).

Community-led hydrological monitoring is a robust and low-cost alternative to filling the
gaps in data sparse areas of Ethiopia, which inhabited by tributaries and groundwater sources
which go ungauged and unexploited. This issue was even highlighted by MOWIE and river
basin authorities as a challenge facing the country which constraints water resource
management and translating scientific knowledge into practice in the recent GCRF Water
Security and Sustainable Development Hub Project. There is a hesitation from these

authorities to adopt the citizen science approach (Osborne, 2019).

2.4 Level of engagement of citizen scientists

An emerging shift has been noted from a broad-scale, top- down assessments towards more
community based, participatory, bottom-up approaches. Citizen science approach has
recently emerged as a promising direction in the provision of researches. The organization

and degree of involvement of the citizen scientists varies widely.

Community engagement can have a positive effect on the decision-making process, if the
science community and individuals benefit from the process (Vann-Sander et al. 2016). Also,
it helps to gain a better understanding of the key issues of different stakeholders (Cunha et al.

2017).

Levels of participation vary according to the design of the Citizen Science project, ranging

from ‘the simple contribution of information in contributory projects, through collaborative
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projects having the additive value of data analysis and interpretation, through co-created
projects that involve the public in all stages of the research process’ (Golumbic et al. 2017:

2).

Different researchers categorized, mode of engagement of citizen scientist, in different ways.
In his extensive review, Haklay, (2012) suggested the level of participation of citizen
scientists, be labelled in to four categories; where level 1 Crowd sourcing citizen scientists as
sensors which involves a very limited direct community engagement. Level 2 Distributed
intelligence citizen scientists as basic interpreters. Level 3 Participatory science citizen
scientists participate in problem definition and data collection. Level 4 Extreme citizen
scientists in problem definition, data collection, data analysis which is a collaborative
science. Citizens are involved from problem definition to the dissemination of results. In this
interpretation, the emphasis is not on the citizen as a scientist, but on the scientist as a citizen

(WIREs Water, 2018).

The extreme level of practicing science is currently not widely accepted in the academic
community taking into account local needs, practices, and culture; it requires scientists to
engage at an intensive level with the social and ethical aspects of their work. The crowd
sourcing level of engagement involves very limited direct community engagement. However,
the participatory approach has shown to work best when there is active buy-in from the local

community that is, the incentives to local stakeholders should be highlighted (Haklay, 2012).

Other ways of categorizing the modes of participation of citizen scientists lays on whether
they are casually or regularly engaged. Those who are regularly engaged are usually
monitoring intensively more than one measurement. Those who are casually engaged monitor
one or two things aside from their main job form time to time. Philips et al.,(2019) examined
the dimensions of level of engagement in to four behavioural activities, affective/feelings,

learning/cognition and social/project connections.

2.5 Incentives

A participant is only a citizen scientist when they actively volunteer (i.e., they are motivated
by one or more factors) and maintain their activity (and contact with the professional
scientists) throughout the duration of the project. In some citizen science projects participants
have lost interest and/or fallen out of contact with scientists, or, as ‘citizen sensors,’ collect

data passively without any obvious motivation. However, the recent tendency is to involve
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volunteers in all intellectual aspects of the science, rather than capitalizing on them as a low-
cost workforce WIREs Water, (2018). Motivation is defined as an individual’s degree of
willingness to exert and maintain an effort towards organizational goals. Whereas, motivation

is in turn influenced by incentives kragh,(2016).

2.5.1 Types of incentives
We broadly classify factors that influence motivation as intrinsic and extrinsic incentives.

Extrinsic factors leads to behaviour because it is instrument.

They can take the form of financial, material or non-material incentives. Financial incentives
range from fixed salaries for those formally employed and allowances for volunteers, to
performance-based incentives. Material incentives may include health insurance, clothing or
tools of the trade such as boots and backpacks. Non-material incentives include community

recognition, preferential treatment and developing new skills. WIREs Water, (2017).

Intrinsic factors stimulate behaviour that is performed out of enjoyment or interest. For
example, to witnessing positive change and personal growth. Intrinsic motivation is said to be
the strongest that will make citizens put a greater effort in activity considered. Besides
enjoyment a personal interest in the topic could motivate people to participate as well WIREs

Water, (2017).

Figure 1: Types of incentives
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CHAPTER THREE

DATA AND METHODOLOGY
This chapter presents the research methodology employed in the study. It describes the study
area, sample technique, and sample size. In addition, it indicates the data collection, sources,

and analytical strategies and the econometric model employed in the research.

3.1 Description of the study area
Ethiopia is endowed with a substantial amount of water resources but very high hydrological
variability. The surface water resource potential is impressive, but little developed. The

country possesses twelve major river basins as depicted below. In this study, we will focus

only on the nine sub basins, as the three are not operational.

Figure 2: the 12 Sub basins in Ethiopia
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The study focuses on the accuracy of data collected by the observers. Stations are selected
from the nine sub basins out of the total of twelve sub basins, as the table 1 below shows

which sub basins have operational stations.

Table 1: Number of Hydrological Stations in Ethiopian River Basin

No. | Basin Established | Operational
1 Awash 97 72
2 Abbay 160 131
3 Wabi-Shebelle 50 30
4 Genale Dawa 38 36
5 Rift Valley 70 54
6 Omo-Gibe 57 46
7 Baro Akobo 31 32
8 Tekeze 40 39
9 Dankile 12 11
10 | Ogaden - -
11 | Aysha - -
12 | Mereb 5 3
Total 560 454

Source: MOWIE (2008)

3.2 Sampling Technique

Stratified sampling is where the population is divided into strata (or subgroups) and a
Random sample is taken from each subgroup. A sub group is a natural set of items.
Subgroups might be based on company size, gender or occupation (to name but a few). Its
purpose is to ensure that every stratum is adequately represented (Ackoff, 1953).

We used stratified random sampling, from all the nine sub basins.
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First what we did was separate the operational from the established. We managed to get to
454 operational stations out of the total 560 stations. Then to increase the addressability we
consider one sub basin as a one stratum; and we selected randomly from all nine strata or sub

basins.

3.3 Sample Size

The sample size for collecting quantitative data via telephone was determined by percentage.
The sample size was made by assuming that 50% of the individuals included in the study
have accurately gathered there data sets. Due to time constraints and the Covid 19 pandemic
outbreaks and another major factor is that the ministry wasn’t willing to give out phone
numbers of the observers. Due to all the above problems, we couldn’t surpass 105 individuals
or 24% of the observation out of 454 total populations. A good maximum sample size is
usually around 10% of the population, as long as this doesn’t exceed 1000 observation.

Therefore, the researcher believes the sample can explain the total observation.

3.4 Data Source

This study will be based on data collected from different institutions:- National metrology
agencies (NMA), ministry of water, irrigation and energy (MOWIE), International Water
Management Institute (IWMI), that have their own incentive mechanisms for motivating
observers monitoring rivers. Primary and secondary data will be gathered and analyzed in
order to identify how indicators of Accuracy vary and the cost effective incentive
mechanisms for collecting quality data. Specifically, primary data will be collected to

understand:

v' The different types of costs involved in river monitoring activities by the institutions

v' The incentive mechanism used by the two institutions (IWMI and MOWIE) for
observers and other actors involved in the process to encourage their participation and
to get quality data.

v Check and recommend whether the probability of getting accuracy under the citizen

science method or under the current monitoring method or a hybrid method.

Such data and information will be collected for comparison purpose and identifying the most

accurate approach for monitoring accuracy of data collected from rivers. For this purpose:
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observers, volunteers, supervisors, para-hydrologist and relevant experts from the institutions
mentioned above. Key informants will be selected for interview based on their knowledge
and expertise. Interview guiding questions will be used to guide the interview process.

However, due to the pandemic, primary data are collected through phone interviews.

Costs related to MOWIE practices for river monitoring should be estimated in order to
compare and analyze the costs under citizen science approach. Cost related to citizen science
under financial incentives, through various incentive techniques are tested by IWMI. By
comparing and analyzing the various approaches, the study will recommend an accurate data
technique through cost effective incentive mechanisms for generating reliable data that could
be applied across the country. The study will also consider experiences from other countries
in order to compare effectiveness of citizen science approach. It is the probability of getting
accurate data when varying different variables that internally define accuracy. Which will
help us analyze, in choosing the probability of getting accurate data under citizen science or

under the current MOWIE practice or a hybrid.

3.5 Data collection procedure and Quality Assurance

The data collection questionnaires were developed in a way that goes in line with the
objective the study wants to achieve. The questionnaires were primarily prepared in English
and translated to Amharic and then back to English to check its consistency. The plan was to
hire people (enumerators) that have experience and that will help throughout the data
collection process from the beginning to end, by gathering required information and going to
the selected stations in person. Perhaps, giving enumerators, those who are collecting data,
two days training on the purpose, procedures and data collection to achieve the goal of
collecting valuable and accurate data. But rather, due to the pandemic of Covidl9, the
researcher has shifted to phone interviews, which were conducted with the aid of a semi-

structured questionnaire, which was developed based on the objectives of this study.

Phone numbers of observers of the selected stations, were taken from MOWIE and IWMI. As
the ministry doesn’t just hand out for the phone numbers of their station observers, it took a
long chain of discussion and office bureaucracy up from the minister to the department of

hydrology.

Out of the total 12 sub basins of rivers in Ethiopia, phone numbers of selected stations from

nine sub basins where taken as the other three sub basins have either political unrest or have
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long dry seasons that fluctuates and makes it hard to capture the data from those stations.
Other nine stations, where taken from IWMI, one from each sub basins, which where citizen
science stations i.e, the observers are citizen scientists that collect data voluntarily and
receive incentives which are less than, what the MOWIE is providing for their observers.
The questionnaire has been pre-tested in stations which are found in Addis Ababa, and which
are both from the MOWIE and IWMI sample stations to check and improve and ensure its

clarity. Therefore, all the data collection phone interviews were carried out by researcher.

3.6 Data Analysis

In this study, both descriptive statistics and econometric model is used for the analysis of data
collected. Descriptive statistics were used to describe relevant aspects of variables and to
provide detailed information about the accuracy of gathered data from stations. The study

employs an ordered probit model to analyze the determinants of accuracy in across Ethiopia.

The socio-economic data obtained from the questionnaires which were under taken by phone
interviews was cleaned and organized using STATA. The latest STATA version statistical
software will be used to run the regression and the resulting output will be interpreted. The
collected data is presented in tables and diagrams using different statistical techniques in

chapter 4.

3.7 Model Specification

An Ordered Probit Model is a nonlinear regression model specifically designed for
polychotomous and ordinal placement of the unobservable dependent variables (Girolami and
Rogers, 2005). This study applied the Ordered Probit Model to observe the effect of socio-

demographic variables on the probability of the getting accuracy of data collection.

Where, Y is an ordinal dependent variable (not accurate, less than accurate, neutral, rather
accurate and fully accurate) and the xs are a vector variables which are assumed to influence
the outcome of Y and which will be enumerated later, and s are coefficients. For this study,
latest STATA version statistical software will be used to run the regression and the resulting

output will be interpreted.
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Accuracy is internally defined as a function of the variables;

Accuracy = F {Education level, frequency of visit, Age, expenditure, income,

incentive, continuity, and distance from house, training, community recognize........ }

We will be using the Ordered Probit function, where the dependent variables ordinal values
that is fully accurate, less than accurate, rather accurate or not at all accurate. The purpose of
the model is to estimate the probability that an observations with a particular characteristics

will fall in to one of the categories.

In the Ordered Probit Model, F is the standard normal cdf, we can generalize the model as

expressed as below:
Z
PX<Z)=F(Z)=*¢ /(1 + e?)

P (X< Z) = F(Bo + B1 age + P2 sex+ P risk + P4 inv’t + Bs edu+ B¢ freqs + P7 dist + g comrec

+ Bo training * By freqo +pB;; married +p;, incent + Bi3exp)

P (X< Z) = F(Bo + B1 age + P2 sex+ P risk + a4 inv’t + Bs edu+ Pe freqs + P7 dist + g comrec

+ Bo training * By freqo +pB;; married +p;, incent + B13exp)

With the full set of normalization in place, the likelihood function for estimation of the model

paremeters is based on the implied probabilities the implied probabilities,
Prob [yi=j/xi ] = [F( = B xi) =F(pj-1 = B xi)1 >0, j=0,1.....,j

Let yi* represent an unobservable variable that captures the accuracy of the ith individual. It
can be expressed as a function of a vector of explanatory variables (xi) using the following

linear relationship;
yi* = 0p + 01X + 0xXo +....... + 0xXg +€
yi* = ai + XP + €it, y=1 [y* > 0] where, e~N(O0, 1)

yi may indicate whether person i is working accurately in period t or not. Error term ¢ it has a
symmetric distribution with distribution function F(.) across individuals and time and

independent of all xis. Even in this case the presence of ai complicates estimation, both when
we treat them as fixed unknown parameters and when we treat them as random error terms. It

assumed that yi* is related to the observable variable yi as follows:
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yi =1 [not at all accuarte] if - oo < yi* < 1

yi =2 [less than accuarte] if 1 <yi* <2

yi =3 [neutral] if 2 <yi* < 3
yi = 4 [rather accuarte] if 3 <yi*< 4

yi =5 [fully accuarte] if yi* > 4

Recognising the fact that marginal effects for categorical independent variables are easy to

understand and can be made more intuitively meaningful (Williams 2012).
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3.8 Variable Specification

The determinate of the accuracy of data quality to the demographic and socioeconomic
condition of a household. In this study, gender of observer, age, income, expenditure,
incentive, distance of station, frequency of observers, frequency of supervisors, distances,
marital status and education are the explanatory variables that affect the accuracy of the data

collected in nationwide.

Table 2: Description and Specification of the Explanatory Variables in the Model

Variable

Definition Specification
Dependent Variable
An ordinal variable
outcome 1=not accurate
Accuracy of data set | outcome, 2= less accurate
Accuracy

collected

outcome 3=neutral
outcome 4 rather Accurate,

outcome 5= fully Accurate

Explanatory variables

A dummy variable:
1 | Sex Gender of observers | 1= male;
0 = female
Continuous variable: Age in
2 | Age Age of observers
years from birth
Marital status of the | A dummy variable: 1=married;
3 | Mar
observers 0= not married
A dummy variable:
0 = able to read and write
Education level of
4 | Edu , 1 =primary education, 2=
household head
secondary education,
3= tertiary education
Frequency of
5 | FreqO Continuous variable
observers
observers annual
6 | Income In birr
income
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Observers annual

7 | Incentive incentive from In birr
MOWIE or IWMI
Frequency of

8 | FreqS _ Continuous variable
supervisors

Number of training

9 | Training received in the past | Continuous variable
10 years
Station distance
10 | Distance from observers In kilometres
house
Expenditure of
11 | Exp
observers related to | In birr
station, annually
12 Community A dummy variable: 1= yes
ComRec recognition recognized ; O= not recognized
Riskiness of the
13 A dummy variable: 1= yes risky
station from their
Risk ; O=not risky
house.
A dummy variable: 1= yes cs
14 | CS Citizen scientists

stations; 0= not cs stations

Some of the Variables need some elaboration;

Risk is a variable that considers what obstacles do the observers face while going to the
stations. It could be discrimination, harassment, peacefulness, dirty....are among the few
problems they be encountering. The researcher wanted to see whether riskiness, affects the
accuracy of the data being collected. CS is a dummy variable where; if it CS=1 shows the

citizen science stations by IWMI and CS=0 shows the station of the MOWIE.

ComRec is a very important variable which is an intrinsic incentive. It is a dummy variable. It
shows whether what they are doing is recognized by the community or not. It is an important
push factor to give the observers an acknowledgment of what they are doing by the

Community and MOWIE. Exp is expenditure of what the observers spend annually for
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stations related expenditures. Training is another important variable that is taken under

consideration. How much training did the observers receive in the past ten years?

Distance is the amount of km’s it takes them to go back and forth from the stations to their
house within a day; during morning and evening trips. Frequency of the observers is a
variable to show how many times they go to the station within a day. Frequency of
supervisors is a variable that shows how many times the supervisors visit the station and the
observers within a year. Incentive is another variable showing how much the observers get
paid for stations related observing works yearly while income shows how much they make

yearly generally from their normal day to day work.

3.9 Accuracy cutt-off criteria

Unobservable variables are quite common in Economics (Krelle, 1997). Many of the
phenomenon that we wish to explain are either measured with error or not directly
measurable. This includes intelligence, education, management expertise accuracy etc.The
modelling strategy we used is upon the specification of a system of equations which specify
the relationship between a set of unobservable latent variables and observable endogenous
indicators. Unobservable variables that can be represented only through closely related
substitutes called “proxies” that can be used as surrogates. There is no direct way to
measure accuracy of data collection of a given station. The only way around it is by
using proxy. The criteria’s we incorporated are using the data book of 15 years data and
giving it a scale of 1 to 10. We used six criteria’s; the first one was to check whether we
there exist missing value and give it a rating of one to ten. The second was checking
whether it had repeated values and rate it again in a similar way. The third was checking
if it had exaggerated peaks. The fourth is to check whether it had suspicious jumps in
the base flow data. The fifth is to check whether it exists a suspicious rise in the river
flow data set and the sixth is to check whether it exists a suspicious recession and scale
all one to ten and after taking the average to label it. We have already obtained four cut

of points as follows;

yi =1 [not at all accuarte] if 0 < yi* < 2

yi = 2 [less than accuarte] if 2 <yi* <4
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yi =3 [neutral] if 4 <yi* < 6
yi = 4 [rather accuarte] if 6 <yi*< 8

yi =5 [fully accuarte] if yi* > 8
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CHAPTER FOUR

DATA ANALYSIS AND DISCUSSION

This Chapter presents the analysis and discussion of data obtained from observers of stations
found in the nine sub basin, sample survey. In the descriptive analysis, the study analyzes and
discusses the general characteristics of sample of observers taken from stations including
incentive, trainings, frequency of visit of both the observes and supervisors characteristics
that are expected to affect accuracy of the observers, nation widely. In econometric analysis,
Ordered Probit Model results are presented and discussed, the factors/characteristics that

affect the accuracy of data’s collected by observers.

4.1 Descriptive Analysis

4.1.1 Socio-Economic and Demographic Characteristics of Households

This is the demographic characteristics of river gauge observers; such as sex, age, marital
status and education level. The River gauge, observers were asked to indicate their, Sex in
order to establish how the Demographic characteristics of observers affect level of accuracy.
The result indicates in Table 3 below shows, 87.62% of observers are male while, the rest
12.38% of them are female observers. This implies that most of observers engaged in river
gauging are dominated by male observers. This might be because, most of rural households in
Ethiopian are known to be a male dominated. Being female, is expected to have a negative
effect on the accuracy of data collection; as being female has a retrospect of more burden on

the female head than the male counterparts.

The age composition of observers, as illustrated in table 3 below, is that 41.9% of the
observers are in the age between 29-40 years, while 20%, 29.5% and 8.56% of the observers
in the survey are between the age of 17-28 years, 41-52 years and above 53 years,
respectively. The age ranges of observers, in the survey taken are between 17 to 60 years of
age. This implies that the largest population of the survey are middle-aged, which is a good
working age. Age is expected to have a negative relation, to accuracy of data collected by
observers. As age increases, the ability of observers to walk to the stations twice a day
(morning and evening) and to go in to the rivers to read the gauge will be harder, therefore

we expect a negative relation.
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The observers were asked about their marital status. The responses of river gauge observers
indicate that the majority, about 76.19% of the observers are married, while 23.81% are not
married. The results are presented in Table 3 below. Out of the 105 sample survey, 80
observers are married while 25 observers are not married. Observers who are married are
seen to be more accurate than observers who are not married. As seen in the, table A.1,
observers who are married have larger number of fully accurate and rather accurate

observers.

The river gauging observers educational level, is illustrated in table 3 below, has shown that
56% of the observers have a primary level of education while, 22% are secondary level and
14 % are preparatory level educated and 13% are tertiary level educated . Therefore, as the

level of education increases it is expected to affect accuracy positively.
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Table 3: Socio-Demographic Characteristics of Observers

Variables Percentage | Standard Deviation Mean
Sex of Observers

0.3309438 0.1238095
Male

87.62%
Female
12.38%

Age Category

10.4071 38
17-28 20%
29-40 41.9%
41-52 29.5%
53 years and above 8.56%
Marital status

0.4279605 0.7619048
Married 76.19%
Not Married 23.81%
Educational Category

1.07221 1.847619
Primary 56%
Secondary 22%
Preparatory 14%
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Tertiary 13%

4.1.2 The Ordered outcome of Accuracy

The survey sample of observers Accuracy were given by considering the six criteria’s as
explained briefly, in the methodology, to give rate of accuracy of a given observers per each
station nation widely, from all the nine sub basins. Their average scores are levelled 1 up to
10 with four cut of points, demarked at two levels of scales. It is highlighted in the table 4
below, 24.76 % of the observers are fully accurate, while 36.19% of the observers are rather
accurate and 28.57 % are neutral accuracy and 9.52 % have less than accurate and 0.95%

have not accurate .

Table 4: Ordinal level of accuracy

Loocuracy Fredq. Percent Cuam.

Hot accuarte 1 0.95 0.595

Less accurate 10 9.52 i10.48

Neutral 30 28.57 39.05

Rather accurate 38 36.19 T5.24

Fully accuarte 26 24.76 100.00
Total 105 100.00

As the hydrological data obtained from rivers by observers, is very essential for a country and
it should be close to accurate. As we can see in the table 5 below, out of the 16 tested citizen
science stations, 10 of them are fully accurate and 5 are rather accurate and 1 is neutrally
accurate. We can see from table below that we don’t have less accurate and not accurate
stations when it is under citizen science. The only differences to the MOWIE stations are the
fact the people have intrinsic incentives and the people that are engaged under citizen science
have more knowhow of how important it is to accurately fill the books that are handed out for

them.
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Table 5: Relationship between Accuracy of MOWIE and IWMI

cs
Accuracy 4] 1 Total

Hot accuarte 1 0 1
Less accurate 10 0 10
Heutral 29 1 30

Rather accurate 33 5 38
Fully accuarte 1é& 10 26
Total 89 16 105

As we can see in table 5, we have chosen 89 MOWIE stations and 16 Citizen Science
stations. We have gave a dummy of 1 to citizen science stations and O to the MOWIE stations
in order to see the differences between this two different stations to different level of
accuracy levels. We can see from the table 5 that the citizen science stations have relatively

better performance than the MOWIE.

4.1.3 Training of observers

We took training as the number of training they received in the past ten years. The more
training observers receive the more fully accurate will the accuracy of data collection be. As
training increases it is important and allows you to strengthen those skills that each observers
need to improve and feel ownership. Therefore, we expect training to have a positive effect

on accuracy.

Table 6: Relationship between Trainings and Accuracy

Training (1l
0 vr.)

Locuracy 10 Total
HNot accuarte 0 1
Less accurate 0 10
Heutral 0 30
Rather accurate 3 38
Fully accuarte 10 26
Total 13 1045
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4.1.4 Distance of observers house to Station

On the station distance, the observers were asked how far the station is from their
homes. As clearly showed in table 7, 67.62% of the observers head indicates that the river
station 1S 1-4 km far from their house, 27.62% of observers were 5-8 km far from their
houses, the rest 3.8 % and 0.96% of the observers are 9-12 km and 13-16 km respectively,
away from distance from the River stations to their houses. This implies that most of the
observers are 1-4 km distance from the River stations. This also means, the majority of the
River observers in Ethiopia, live close to the river gauging stations. This shows a low chance
of missing out to fill the station data books by observers in turn affecting, the accuracy of
data collection positively. Therefore, distance is expected to have a negative sign; as distance
increases it decreases accuracy because it will be highly unlikely for the observers to fill out

the forms always either twice a day (morning and evening) or every day.

Table 7: River gauging stations distance from house to stations

Percentage | Mean Standard Deviation
Distance in Kilometres
(km) 3.928571 | 2.632479
1-4 km 67.62%
5-8 km 27.62%
9-12 km 3.8%
13-16 km 0.96%
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4.2 Econometric Analysis

In this section, the study presents the results of econometric analysis. In the econometric
analysis, socio-economic and demographic variables are included to explain the unobservable
dependent variable. As described in the methodology part, to examine factors that determine
and affect the accuracy of the River data collected by observers. Ordered Probit mode is used
in this study. The results of the Ordered Probit Regression and the marginal effects of the
outcome S(fully accurate) are both presented, in different tables below. We will be looking at
the marginal effects of the all Ordered Probit outcomes, in table 9. As mentioned in the
methodology section, 105 observers were used in the regression. As the result shows sex, age,
education level, risky, incentive, income, distances, frequency of supervisors and community
recognition have significant influence towards adopting the accurate method of data

collection in all the nine sub basins, in Ethiopia.
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Table 8: Results of the Ordered Probit Regression and the Marginal effects

Variables Coefficient of Marginal effects for
Probit Fully accurate
Age -0.0158%*%* -0.004*%*
(0.014) (0.003)
Frequency of 0 0
Observation (omitted) (omitted)
Frequency of 0.291%** 0.083**
Supervisors (0.025) (0.035)
Sex -0.537%* -0.122%*
(0.040) (0.063)
Married 0.296** 0.076**
(0.257) (0.785)
Incentive 0.007** 0.002**
(0.034) (0.011)
Training10yr 0.169%** 0.046%*
(0.019) (0.033)
IncomeM -0.001** -0.286%**
(1.040) (1.070)
Secondary 0.071°%** 0.016%*
(0.069) (0.071)
Preparatory 0.560%** 0.162%*
(0.365) (0.118)
Tertiary 0.969%* 0.317%*
(0.152) (0.169)
Expen -0.247 -0.681%*
(0.021) (0.061)
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DistanceKm -0.007%** -0.002%*
(0.045) (0.012)

Has_recognition 0.077%* 0.020%**
(0.063) (0.020)

Risk -0.41%%* -0.102%*
(0.048) (0.063)

N.B: ** are coefficients and (.) standard deviation

As Indicated in Table 8, age of observers has a negative effect on the probability of getting
fully accurate of data collection. It is statistically significant. When the age of observers
increases by one year; the probability of getting fully accurate data collection will decrease
by 0.4%. It can be concluded that the younger the observers age is the better than older age

observers in collecting accurate data in all the nine sub basins.

The sex of observers has a negative effect on the probability of getting fully accurate of data
collected from all the nine sub basins. It shows female observers are 12.2% less likely to
work fully accurately compared to male observers. It is also statistically significant. This
indicates female observers, in the nine sub basins have a lot of burden at hand, which makes
them to miss out filling the books always compared to the male observers. This clearly shows
the gender inequity and burden on women compared to men in rural Ethiopian. We have seen
in the interview that only 12.38 % are women which is a relatively a small compared to men.
This is due to women have a lot of burden in rural areas and they are not encouraged to get

involved in any kind of sector.

Marital Status of the observers is also one of the determinants of observer’s accuracy of data
collection nationwide. According to the result, being a married observer has a positive effect
on the accuracy of data collection. This shows that being married increases fully accuracy by
7.6% compared to the not married individuals. However, the result is not

statistically significant.

The education levels of the observers from all the nine basins have a positive effect on
the accurate data collection. Our bench mark is primary education. The observers with

secondary education has a 1.6% more chance of collecting data fully accurately than with the
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primary educated observers. It is statistically significant. The observers with preparatory
education have 16.2% more chance of collecting fully accurate data than that of the primary
educated observers and it is statically not significant. In addition, the observers with tertiary
level of education have 31.7% more chances of collecting fully accurate data than that of the
primary educated observers. It is not statistically significant. This suggests that the more
Rivers gauging observers get more education they might be more likely to be exposed to
more information such as how important it is to collect data accurately however, it doesn’t
show that it has any effect on increasing accuracy being in preparatory or tertiary level of
education in relative to the primary level of education. Only secondary level of education
shows that it has the probability of increasing accuracy of data collection by gauge station

observers with a statically significant variable.

The distance of the observer’s home to the River stations has a negative sign. When the
Observers house distance from the stations increase by one km it affects the probability of
getting fully accurate data decreases by 0.2%. It is statistically significant. This is due to the
longer the distance of the station from their houses it decreases commitment, hence affects

accuracy of data collection.

The observer’s annual income has a negative impact of the accuracy of data collection in all
the nine sub basins. It has a negative sign which means with more annual income is more
likely to decrease accuracy. The variable is statistically significant. It shows annual income of
observers increase by one; the probability of getting fully accurate data decreases. This is due
to as their incomes increase they will reluctant to work this job, since the payment from this
work is relatively smaller. Hence, as income increases by one unit the probability of getting

fully accurate data decrease by 28.6%.

The observer’s incentive which they are receiving from both institutes is found to be one of
the influential factors which are affecting the accuracy of collecting quality data. Incentive
has a positive sign thus, the increases in incentive also increases accuracy of the data
collection. As incentive, increases by one unit the probability of getting fully accurate data
increases by 0.2%. It is statistically significant. Therefore, now we know incentive has a
positive impact on accuracy of data collection, but it has a very small impact. This implies
that financial incentive have positive but little effect on the accuracy of data collection. The
difference between the financial incentives in both institutions IWMI and MOWIE) is that

under MOWIE, they get paid a constant of 7,200 ETB annually without knowing of how
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important it is for them to fill out the books accurately for both the ministry and Country.
While, under citizen science (IWMI) observers get paid less than what the ministry pays
observers but the accuracy of data collected under citizen is relatively more accurate
compared to MOWIE stations. This is because, under citizen science it works on the close
follow-up of what they are doing by their supervisors (Para-Hydrologists) and on hand-
trainings and capacity building of what they are doing and how important it is for the country,
so they feel ownership and work responsible with full accuracy as volunteers but not for the
money sake. Thus, this shows that incentive has a little impact on the accuracy of data

collection.

Community recognition is another important variable that affects the probability of getting
fully accuracy of data collection positively. As most of the observers are farmers living in
rural areas community recognition is an important factor it plays a huge role. Thus, when
there is community recognition the probability of getting fully accurate data increases by 2%.
Hence, community recognition enhances accuracy of data collection by observers. This is an

intrinsic incentive and it is statistically significant.

Another important variable is training given to the observers in the past ten years, in the
methodology part (Chapter three) was taken under consideration. It was expected that as the
number of trainings they got in the past ten years increase the probability of getting accurate
data collection will increase. As the number of trainings increase in the past ten years the
probability of getting fully accurate data increase by 4.6%. The number of trainings received
from MOWIE does not exceed four times and some station not even once, from all the
observations that are taken as a sample in the phone interview but under citizen science every
observer got 10 times training in the past ten years, meaning they have received trainings

every year. The variable is statistically significant.

Frequency of observers was omitted from the regression because all observers went twice a
day in morning 6:00 AM and evening 6:00 PM. Since the variable is constant from the
overall observation in the sample it automatically omits the variable. But the right question to
still ask is, do they really go twice a day and fill the books trustworthily? Or do they just fill

out the journal books from their houses without going to the stations.

Frequency of supervisors is another important variable, as explained in the methodology part
frequency of supervisors was taken on a yearly basis. As frequency of supervisors increases

the probability of getting fully accurate data increases by 8.3%. Under MOWIE the
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supervisors only visit either 4 or 3 or 2 times on a yearly basis, just to give the journal books
and payments of the observers but under citizen science the supervisors (para-hydrologists)
visit twelve times a year, or every month. The para-hydrologists are people who follow up the
observers monthly and change journal books for them. Therefore, this close follow in turn

increases accuracy of data collected. This variable is statistically significant.

Expenditure is another variable affecting the probability of getting fully accurate data
collection negatively. Expenditure is the amount of money that the observers spend annually
based for the purpose gauging related purposes from themselves, as this are not given to them
from the ministry. They spend money on such as; raincoats, umbrella, safety boots etc..... As
expenditure, increases a unit the probability of getting fully accurate data collection decreases

by 68.1%. The variable is statistically significant.

Riskiness on the road from the house of the observer to the station is expected to have a
negative impact on the probability of getting fully accurate data collection. Riskiness is a
question of what obstacles they encounter while going to the gauging stations. It is a question
of how risky is the road? What they encounter on the road; whether it is clean, peaceful,
harassment. When there is Riskiness of one of a kind the probability of getting fully accurate
data decreases by 10.2%. The variable is statistically significant. Thus, the accuracy depends

on the condition of the road from home to the gauging station.
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Table 9: Marginal effects of different outcomes

Variables Marginal | Marginal | Marginal | Marginal Marginal
affecting effects of | effects of | effects of effects of effects of
Accuracy “Fully ‘“Rather “Neutral” | “Less “Not
Accurate | Accurate” Accurate” | Accurate”
Age -0.004** | -0.001** 0.004 0.001%** 0.00071**
(0.003) (0.001) (0.003) (0.001) (0.001)
Frequency of 0 0 0 0
Observers (omitted) | (omitted) | (omitted) | (omitted) (omitted)
Frequency of 0.083** 0.025%* -0.077%* -0.027%** -0.0071%**
Supervisors (0.035) (0.017) (0.035) (0.014) (0.001)
Female -0.122%* | -0.084** 0.132%* 0.069%** 0.004**
(0.063) (0.076) (0.076) (0.058) (0.007)
Married 0.076** | 0.034** -0.077%** -0.0317%** -0.0071%**
(0.785) (0.053) (0.092) (0.043) (0.003)
Incentive 0.002** | 0.007** -0.002%* -0.007%** -0.330%*
(0.011) (0.004) (0.009) (0.003) 4.77)
Training10yr 0.046** | 0.014** -0.044%* -0.016%** -0.007%**
(0.033) (0.012) (0.032) (0.011) (0.001)
IncomeM -0.286%** | -0.918** 0.275%* 0.984* 0.431°%*
(1.070) (1.70) (1.13) (1.92) (1.64)
Secondary 0.016*%* | 0.010** -0.018%** -0.008%** -0.004%**
(0.071) (0.044) (0.077) 0.036) (0.002)
Preparatory 0.162%* | 0.032%* -0.144%* -0.048%** -0.002%*
(0.118) (0.032) (0.092) (-0.028) (0.003)
Tertiary 0.317%* 0.021** -0.231%* -0.062%* -0.002%*

37




(0.169) | (0.084) (-0.091) (-0.028) (0.003)
Expen -0.681** | -0.219%** | 0.655** 0.235%* 0.103#*
(0.061) | (0.001) (0.001) (0.001) (1.77)
DistanceKm -0.002** | -0.006** | 0.002%** 0.007%** 0.003#*
(0.012) | (0.004) (0.012) (0.004) (0.001)
Has recognition | 0.020** | 0.007** -0.020%* | -0.007%** -0.003%*
(0.020) | (0.052) (0.120) (0.049) (0.002)
Risk -0.102** | -0.053** | 0.106%** 0.047%* 0.0027%#*
(0.063) | (0.054) (0.074) (0.042) (0.004)

As indicated in above table 9, we will now see interpretation of all five outcomes. The
marginal probabilities of the Ordered Probit Model are interpreted as the relationship of each
predictor, X, to the probability that an observer will be in each category of accuracy level or
above compared to all the lower. We have only interpreted the first two from the table as we

have interpreted the fully accurate ones in table 8.

When the age of observers increases by one year; it is 0.4% less likely to fully accurate data
collection. When the age of observers increases by one year; it is 0.1% less likely to be in
rather accurate data collection. When the age of observers increases by one year; it is 0.4%
more likely to be getting neutral accuracy data collection. When the age of observers
increases by one year; it is 0.1% more likely to be in less than accurate data collection. When
the age of observers increases by one year; it is 0.01% more likely to be in not accurate data
level of data collection. Therefore, we can conclude that higher age leads to lower accuracy

of data collection.

When the frequency of supervisors increases it is 8.3% more likely to be fully accurate data
collection. When the frequency of supervisors increases it is 2.5% to be more likely to rather
accurate data collection. When the frequency of supervisors increases it is 7.7% less likely to
neutral level of data collection. When the frequency of supervisors increases it is 2.7% less
likely to less accurate level of data collection. When the frequency of supervisors increases it
is 0.01% less likely to not accurate level of data collection. This shows, as more increases

frequency of supervisors leads to more fully accurate level of data collection.
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Table 10: of predicted probability of the oprobit

sum ploprobit pZoprobit p3oprobit pdoprobit ploprobit

Variable Cks Mean Stcd. Devw. Min Ma=x
ploprobit 105 .008&BA48 .0197829 3.89=-10 .1595467
p2oprobit 105 .0933398 .0990915 8.04e-07 .4794264
p3oprobit 105 .2916193 .1413589 .0001875 .4651242
pdoprobit 105 . 3639832 .130526 .0114739 .4803846
pSoprobit 105 L2423728 .2485844 .0015582 .9883378

We can see with the from table A2, that it’s not that different from the tabulated level of

accuracy.
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CHAPTER FIVE
CONCLUSION AND POLICY RECOMMENDATION

5.1 Conclusion

Ethiopia is known for its huge water resources. The main forms of resources are rivers and
lakes. There are 12 major river basins in the country. The total annual surface run off from
these basins is about 110 billion m®. The Hydrological Department under the Ministry of
Water Resources is responsible for hydrological data collection, processing analysis and
dissemination to users. MOWIE is the institution with the mandate to collect hydrological
data. This institute is challenged by different constraints to deliver reliable and accurate
hydrological data. The hydrological data gaps are linked to different factors. But mainly it is
due to limited capacities of this institute to control and manage the hydrological data

accuracy collected by observers.

As we have seen in the econometric analysis in chapter 4, financial incentives have positive
impact but the impact it has is little about 0.2% to bring it in to the category of fully accurate
level of data collection. And when we come to community recognition which is an intrinsic
incentive, it has the probability of 2% effect that the observers will get to the category of fully
accurate level of data collection. We can see that intrinsic incentives have more impact to get

the observers in to fully accurate level of data collection than that of the financial incentives.

The MOWIE existing stations are not rehabilitated the, many of the observers that I have
interviewed have told me that the stations are either taken by flooding or the stations need to
be fixed. As the observers have explained they have already told the ministry on lots of
occasions but still do not get immediate response on time. Therefore, till they get further
notice they use normal meters to estimated and fill the ledger books. Which usually under or

over estimates, the values and which in turn is usually far from being accurate.

Another important problem seen was that, the supervisors visiting the observers from
MOWIE they barely go 4 or less times on a yearly basis. The observers have told me that
they even barely go out of the car to check the condition of the station or to compliment on
what the observers have been doing. According to MOWIE, they have stated that the

supervisor go 4 times a year or once in three month and give them a new ledger book and
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take the existing ones; which they have been gathering data and filling in the past three
months. One ledger book only has a line to record only for three month i.e morning and
evening based. But the supervisors don’t go every three month except for few stations which
leads the observers to buy normal exercise books and fill out the recording, which usually is
inflated or not readable for the people in the ministry who are in charge of encoding the data
digitally to computers. And other observers, in some stations they just wait for the
supervisors till they come these hence leads a huge data gaps. This is very catastrophic

problem with in the ministry.

Another major problem is that the fact that they don’t receive frequent trainings and the fact
that they don’t have community recognition has affected their level of accurate data
collection performance. Expenditure has also brought a negative impact; since they are
getting paid small amount of salary or incentive by both institutes even less by the citizen

science, they are not willing to spend money on station related expenditures.

Another major problem is that there is an intense problem of communication between the
BDA and MOWIE. The national data faces a huge deal of risk; it is not stored under
MOWIE’s data base.
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5.2 Recommendation

The study findings are important to implicate polices recommendation for the accurate level
of data collection in Ethiopia, nation widely. Hence this study draws the following policy

implication to enhance accurate data collection in the country.

Citizen science has great potential as a tool for environmental monitoring. Volunteers already
make a valuable contribution by monitoring various environmental attributes, thus increasing
the use of citizen science. We can learn a lot as a country and an institute from IWMI, as they
have implemented citizen science method. Using the community who are living around there
as scientists and empowering them into feeling they have ownership and they are doing
something for their country is a huge deal. This is a positive pushing factor for them to work
more accurately. We have also seen what the observers are receiving as incentives from the

citizen science is relatively smaller; therefore this method is also cost effective.

Whenever, the ministry gets a notice that the station is broken or there is a problem, they
need to fix it as soon as possible. Therefore, the values won’t be inflated by the observers

whenever they fill out the ledgers with measuring by meters and estimating it.

The problems of frequency of supervisors should be modified to the citizen science approach
because this approach has shown to be very satisfying and helpful. The citizen science
method by IWMI has shown to have relatively fully accurate data collection methods; i.e no
data gaps, no missing values in the books; that fulfil all the six criteria. They have their own
para-hydrologists, people working around there at woreda level, who work as supervisors.
The para-hydrologists are supervisors who are in charge of looking after the observer’s
performances and data collection process, they handout ledger recording books every three
month and give them backup recording books as well in case something happens to the para-
hydrologists. They are also in charge of looking after the station; in case there is some
problems within the station as the observers inform them the para-hydrologists are in charge
of fixing it. In case, it is more than what they can do they will automatic report to their heads
that will fix for them as soon as possible. They normally check upon what the observer’s
works on every month. The fact that they are living and working around the station makes it
less costly for them to visit more frequently unlike the MOWIE who is sending supervisors to
check on the observers from far away which, in turn decrease commitment level of the

Supervisors.
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Another recommendation that I would like to give is that for a country, like Ethiopia that is
called the water tower of East Africa the number of existing operational stations are relatively

small. New stations should be built to broaden the scope.

The observers who are engaged in this work need to be given certain kinds of safety
clothing’s from the institutes that will in turn reduce the amount of expenditure they are
spending for station related expenditure. As we have seen in chapter 4, expenditure has a
negative effect on fully accuracy level of data collection. Therefore, institutes should be able
to provide them with uniform (that can differentiate them from the rest of the people in the
community), raincoats, umbrella, safety boots, extra ledger books, pens, shovel and meters in
case. These whole costs shouldn’t be out of the observer’s pocket. As a country seeing how
these data accuracy is important spending on these aspects should be encouraged from both

institutes.

Trainings should be given more often; as we have seen in the analysis part of chapter 4, that
training has relatively positive effect on accuracy. We have also seen in table 5, the
interaction of being accurate to trainings. We have seen the more training was given to them
the more they got to outcome 5 or fully accurate. IWMI or citizen science approach gives
training to them every year and on top on that the monthly visit from the para-hydrologists
are always on hand every month they come to visit them. Trainings are relatively less than

once in two years when it comes to majority of MOWIE station.

Empowering the community is another essential factor that affects the collection of data
quality. The observers are seeking for recognition by MOWIE, than just contractual workers
because many of them worked for more than 10 or more years. Who ask for acknowledgment
by the ministry as a full time river gauging workers? We have also seen that community
recognition has a positive effect on accuracy as it encourages them to work better and better

by the day to make their community proud.

Every data collected should be under one data base nation widely. The BDA should create

that platform and submit recording to MOWIE.
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APPENDIX

Table A.1: Accuracy of married and not married observers

Martial
Locuracy Hot Marri Married Total
Hot accuarte 0 1 1
Less accurate 4 6 10
Neutral 3 27 30
Rather accurate 7 31 38
Fully accuarte 11 15 26
Total 25 80 105
Table A.2: tabluated level of accuarcy
tab acc
Locuracy Fredqg. Percent Cum.
Hot accuarte 1 0.95 0.95
Less accurate 10 9.52 10.4%8
Heutral 30 28.57 359.05
Eather accurate 38 36.19 T5.24
Fully accuarte 26 24,76 100.00
Total 105 100.00

49



INTERVIEW QUESTIONS IN ENGLISH

A survey evaluating the existing river gauging stations by MoWIE and IWMI to determine

and recommend what technique will enhance the accuracy of the data collected by observers.

Information to be collected from each station during field visit is as follows;

1) Talk to the observer to evaluate/ background information

YV V V V V

YV V VYV V

Name of observer?
Age and sex of observer?
Education level of the observer?
When did the observer start data collection (Month and Year)?
What trainings did the observer received? At what frequency? When was
the last training? Who provided the training?
How far the observer lives from the gauging station?
How is the monitoring system around Akaki station so far?
What is the monitoring process?
Frequency of supervisor’s visit

% What is done by the supervisor when visiting the site?

% How many times per year does the supervisor visit?

% Do you receive any feedback on the data quality

% What does the observer suggest improving the supervision quality?
Does he inform MOWIE if something went wrong at the gauging site?
Using what communication line? Do they respond urgently?
How many times per day do you visit the site? Does it interfere with your work?
How well are peak flows captured by the specified observation time (twice
per day at 6:00 Am and 6:00 PM)? At what time of the data does peak
flows usually occur?
Are you fully employed as a river gauge monitor?

% Timeliness

% Amount
When is the recent data on which the observer received salary?
When was the recent salary payment you received?

Do you receive the payment on time? If delayed, how long? And is it often delayed?
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2) Explore the various incentive mechanisms used for observers monitoring rivers

mechanisms based

>

>

>

Any additional incentives in the past in addition to salary? If so, when is the last time
you received such incentive? In what kind did you receive it?

Do you believe if incentives were provided, would it improve the river gauge
monitoring process?

What does MOWIE think about giving incentives to observers in order to encourage

them in doing their job appropriately?

3) Identify opportunities and constraints at MOWIE for adopting a particular incentive

mechanism for observers. For eg. Explore the various opportunities and constraints at

MOWEIE to adopt accurate and reliable incentive mechanism for observers monitoring river?

>

Are there any factors that interfered with data collection in the past? Ask

the observer to elaborate this?

What does MOWIE think about giving them opportunities or a platform in which they
get more trainings or job creation for observers?

When is the longest period in which recording was interrupted? Why was

it interrupted?

Do you believe there is a problem in the river monitoring system? If so where do you
think is the root cause? What should be improved by MOWIE?

What are the constraints for adopting particular incentive mechanisms?

Is MOWIE aware of lack of continuity of data or data gap? If so, anything done to
improve it?

What is the view of MOWIE on the whole river gauge monitoring? Where do they
think is the problem? What do they intend to improve?

What are the major costs you incur in the river gauge monitoring process? Can we get

the list of costs per station or nationwide?

4) Evaluate the implication of scaling up and main streaming citizen science across Ethiopia?

>

What would be the response of MOWIE in scaling up citizen science method at least
to some stations or all if it has shown to be effective in bringing accurate data and

improve the river gauge monitoring process in general?
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» What steps would it take within the institution to change the current process?

5) Cost-benefit analysis technique through citizen science approach in relative to the

traditional method at MOWIE?

» What does MOWIE think about training and empowering citizen scientists? As
observers, supervisors, encoders etc...Based on their level of engagement, which
seems to be cheaper than employing experts?

» What would be the view of MOWIE on data accuracy even if it turns out to be costly?
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INTERVIEW QUESTIONS IN AMHARIC

1 age
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