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Abstract 

Micro Water Harvesting technologies are implemented in the WB, Palestine, to improve water 
availability for agriculture. Implementing organizations and farmers are interested in understanding 
how well these technologies perform overall and which factors contribute to well- or ill-functioning. 
An Analytical Hierarchy Process based evaluation tool is adjusted to the analysis of Eye Brow Terraces 
on field level. The main features are 12 technical, biophysical, and socio-economic evaluation criteria, 
a performance scoring table, and a multi-stakeholder criteria weighing process. The tool is applied in 
a case study of six EBT fields in the North Western WB. All fields score between 2 and 3 on a 1-5, 
continuous scale. No conclusions about the actual performance can be drawn due to the large 
number of assumptions in the case study data. A critical assessment of the case study evaluation tool 
suggests that the most important improvements are to obtain more realistic runoff-coefficients by 
using a different data collection method; remove non-independent criteria;  and better define the 
intended end users, relevant stakeholders, and scope of the method.  
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1 Introduction 
1.1 Rain Water Harvesting in historical Context 
Palestine is part of the Fertile Crescent; a part of the Middle East where dryland agriculture has been 
practiced successfully for millennia. Already 2000 years ago, an ancient people called the Nabateans 
constructed floodwater diversion dams, subsurface cisterns, open channel or piped water transfer 
systems, and rock surface water catchment systems in the nearby deserts of contemporary Jordan 
and Israel (Janczewski, 2016). Archaeological evidence from the desert city of Petra shows that water 
harvesting and management systems were able to provide a year-around water supply to a growing 
urban population despite adverse climatic conditions (Ortloff, 2005).  
Since the advent of groundwater pumping and intensive agriculture, Rain Water Harvesting (RWH) 
technologies have lost their once life sustaining importance for the majority of people in the wider 
region. In Palestine and the in West Bank (WB) in particular, however, climate, topography, and the 
socio-economic context provide an environment in which RWH technologies continue to influence 
agricultural productivity or at least have the potential to do so. In order to understand why, the 
following paragraphs firstly define the concept of RWH and provide an overview of the four 
categories of RWH technologies. The remainder of the introduction then returns to RWH in the 
context of Palestine.    

1.2 Definition of Rain Water Harvesting 
In arid and semi-arid regions (ASARs), areas characterized by little rainfall and high potential 
evapotranspiration, water availability is often the main limiting factor for plant growth (Oweis, Prinz, 
& Hachum, 2012, p. 106). Where farmers do not have access to ground- or spring water for irrigation, 
they often collect and store rain water for supplementary irrigation – a process known as Rain Water 
Harvesting. Oweis et al. (2012, p. 3) broadly define RWH as “the process of collecting natural 
precipitation from catchments for beneficial use”. Alternative definitions are mostly similar and 
sometimes propose narrower or more differentiated purposes (Mekdaschi Studer & Liniger, 2013). 
An example is the common differentiation by end uses: crop production, domestic water 
consumption, or livestock farming. Agricultural RWH systems collect runoff from an uncropped 
catchment area and transfer it to a cropping area.  Paraphrasing the World Overview of Conservation 
Approaches and Technologies (WOCAT) publication on Water Harvesting (Mekdaschi Studer & 
Liniger, 2013): RWH spatially reallocates water from where it is not used to where there is a water 
deficit. If the RWH system has a storage component, the reallocation occurs temporally as well, 
making water available when there is a water deficit.  

1.3 Types of Rain Water Harvesting Technologies 
There are multiple types of Water Harvesting (WH) systems. This thesis follows the categorization 
put forward by WOCAT in Mekdaschi  Studer & Liniger (2013). Based on catchment size and type, 
water harvesting technologies (WHT) are broadly divided into Floodwater Harvesting, Macro-
catchment WH, Micro-catchment WH and Rooftop & Courtyard WH. Floodwater harvesting 
technologies are individual structures that reroute water during naturally occurring floods from 
where it is not useful, for example from seasonally dry river beds (wadis), either directly onto 
agricultural fields or into a storage reservoir for later use. Macro-catchment WH technologies are 
individual structures which collect runoff on one large catchment area outside the borders of a field 
or farm, and transfers harvested water to a storage or directly to a clearly separated application area 
which can be one or multiple fields of a farm or of multiple farms. Micro-catchment WH technologies 
are many replications of identical, small structures that capture runoff from their respective 
catchment areas located on the same field, directly upslope from their cropping areas. Micro Water 
Harvesting (MWH) technologies do not have a separate storage reservoir. Instead they store 
collected water as moisture in the soil profile. Rooftop & Courtyard WH technologies are individual 
structures that collect runoff from sealed surfaces such as roofs and courtyards into a storage 
reservoir.  



1.4 RWH in geographical Context: The Case of Palestine 
Having defined some key terms relevant for the study of RWH technologies, it is now time to return 
to the geographical context of the thesis research. The area this study is concerned with is Palestine; 
a term with ambiguous meaning and emotional charge. Throughout this thesis I will use the word 
Palestine to refer to the geographical areas of the West Bank and the Gaza Strip. The West Bank is 
the area delineated by the 1948 Israeli-Jordanian armistice line in the North, West, and South, and 
the Jordan River in the East. The Gaza strip is a narrow piece of land on the Mediterranean coast, 
bordered by Israel in the East and North, and Egypt in the South. Due to the political situation, there 
are fewer studies and less data on the conditions in the Gaza Strip. The research thus concentrates 
on the West Bank. The following paragraphs briefly address the topics climate, topography, soils, and 
water access and how they relate to RWH.  

As was pointed out earlier, RWH aims to concentrate rainwater falling onto a larger area in order to 
provide sufficient water to a smaller area with a water deficit. Thus, this practice only makes sense 
where there is too little rainfall to meet crop water requirements at least during a part of the year; a 
condition that is typically encountered in ASARs. The climate in the West Bank is indeed 
characterized as semi-arid to arid (Alkhouri, 2014) with an average annual precipitation of 409 mm 
(FAO, 2008) and high potential evapotranspiration. Owing to the topography, the precipitation is 
highly variable; ranging from 100 mm in the lowest points of the Jordan Valley to 700 mm in the 
semi-coastal areas of the North West (Shadeed, 2011). As for the temporal distribution of rainfall, 75 
% of precipitation occurs between November and March (Marei et al., 2010) and the summer 
months are usually very dry (Shadeed, 2011). Given these climatic conditions, the climate in the WB 
can generally be considered favourable to the practice of RWH.  
As RWH is based on the principle of runoff collection, the terrain plays in important role in its 
success. The topography of the West bank is characterized by hills and valleys, with elevation rising 
from West to East until one reaches the ridge and drainage divide in the Central Highlands. Along the 
ridge lies Mount Nabi Yunis; with 1020 m the highest point of the WB. From there elevation 
decreases to 415 m below sea level at the Dead Sea. The Jordan Valley drops from -40 m in the North 
to -414 m at the Dead Sea.  Unlike, for example, the Gaza Strip, the slope-rich topography of the WB 
provides many opportunities for rainwater to run off and thus contributes to the suitability of the 
area for RWH.      
Soil depth and texture co-determine the run-off potential and water storage capacity, both 
important factors in RWH. Soils in the Central Highlands are mostly shallow (Dudeen, 2001) with clay 
and clay loam textures prevailing (Shadeed, 2011). The Semi-Coastal region has soils with similar 
textures, but a greater amount of deep alluvial deposits (Dudeen, 2001). On the eastern slopes, semi-
desert soils of sandy-loamy textures dominate (Shadeed, 2011). In the Jordan Valley, clay loam 
textures prevail (bid). While shallow soils are unfavourable to RWH and agriculture in general, clay-
rich soil textures are conducive to runoff generation and retention of soil moisture.  

These general observations, which indicate that climate, topography, and soils of the West Bank are 
generally favourable to RWH, are supported by a recent country-level study  (Shadeed, 2011).  The 
author found that based on biophysical indicators, on a 1-5 suitability scale, more than 40 % of the 
WB is above average suitable for RWH.  

Biophysical suitability is not a sufficient condition for the success of a technology. The way in which 
agriculture is currently practiced and the wider socio-economic context play an important role as 
well. As of 2013, rain fed agriculture makes up 78.7 % of all cultivated land of the West Bank (Isaac, 
Khalil, Rishmawi, Dabouqi, & Marinelli, 2015). In comparison, the share of rain fed agriculture in 
Israel was only 43.5 % in 2000 (Temper, 2009), a figure that is likely to have declined further due to 
Israel’s leading position in irrigation technology related research and production. The relatively small 
share of irrigated agriculture is largely the result of regulations imposed on Palestine by Israel, which 
occupies the West Bank since 1967. An in-depth analysis of the Israeli control over water resources in 
the West Bank highlights that with a series of military regulations, Israel firstly assumed sole control 
of all water resources, secondly established a discriminatory permit system for the construction of 
any water related infrastructure, and thirdly denied Palestinians access to the Jordan river – the only 



permanent, non-saline surface water feature in the West Bank (Koek, 2013). In addition to making 
the drilling of new groundwater wells illegal, Israeli authorities introduced quotas for the extraction 
of water from existing agricultural wells (FAO, 2008). These and additional regulations severely 
restrict Palestinian access to water resources and thereby limit the expansion of irrigated agriculture. 
It is in this context that RWH, which does not rely on access to ground water or surface water, 
becomes an attractive means to improve agricultural water availability.  

So far we have only considered the theoretical suitability of the WB for the practice of RWH. One of 
the initial goals of my fieldwork in Palestine was to find out what types of RWH technologies are 
already used. The next section summarizes how I approached this task and what I found out.   

My knowledge of existing RWH systems in the West Bank stems from three sources. First, my own 
observations during my 3 month stay in the Northern part of the West Bank. Second, conversations I 
had with hydrologists and employees of the Ministry of Agriculture (MoA) and third, project reports 
and other publications I read during and after my stay.  
During my stay, I observed that the most common RWH technologies for agricultural purposes seem 
to be rooftop WH systems and cisterns. I saw the former on many of the greenhouses in the Jenin 
and Tubas governorates. The latter are frequently located upslope from olive orchards. The cisterns’ 
concrete roofs and sometimes adjacent rock surfaces serve as catchment areas. The water enters 
through one or more small holes located at the lowest part of the roof. Farmers irrigate manually by 
hose, with gravity or small petrol-powered pumps delivering the water to the trees.  
Terracing slopes is a widespread practice as well. Though most terraces have not been constructed 
with distinct catchment and cropping areas, they essentially reallocate water for crop production by 
slowing down runoff and increasing infiltration. Terraces in various states of (dis)repair are found 
nearly everywhere in the West Bank where horticulture meets slopes.     
There are at least three dams for floodwater harvesting: one in Al Oja and two close to Hebron 
(Personal Communication, Bsharat, 2018). Furthermore, according to an engineer from the 
Palestinian Hydrology Group (Personal Communication, Dahoud, 2018), there are a at least 150 on-
farm earth and concrete pools. Some of them – the engineer could not state how many – are used to 
store spring water instead of rain water. Whether or not they are truly relevant for an inventory of 
RWH technologies must thus be determined by future investigations. According to the same source, 
WH is much more common in the Eastern part of the Northern West Bank. Except for a few roof-top 
harvesting systems on greenhouses, the farmers in the North-West seem to have sufficient supply 
from precipitation and wells.  

A recent addition to the portfolio of RWH technologies in the WB are a number of MWH sites. From 
2014-2017, the Applied Research Institute Jerusalem (ARIJ) in cooperation with the MoA and the 
National Agricultural Research Centre (NARC) implemented RWH structures on 34 ha of degraded 
land (Applied Research Institute Jerusalem, 2018). The MWH technologies constructed on eight sites 
and in four different governorates include Contour Bench Terraces (CBT), Eye Brow Terraces (EBT), 
and Contour Soil Bunds (CSB). The most common technologies are EBTs for olive and almond trees.  

1.5 Problem Statement 
In conversations with a farmer as well as with a researcher at the NARC I learned that both are very 
interested in understanding how well the above mentioned, newly implemented MWH technologies 
work, especially in comparison to the traditional terraces. The stakeholders do not only want to know 
the overall performance of the MWH technologies but also which aspects of the technologies work 
well and which do not. Furthermore, there is an interest in understanding how important the 
different stakeholders consider the various aspects contributing to the performance of the MWH 
technologies. It is thus unknown how well the MWH technologies in the WB perform, what factors 
contribute to the well- or ill-functioning of technologies, and how important different stakeholders 
deem these factors. Most importantly, however, it is not known what method of evaluation can 
adequately address all these three knowledge gaps.   



1.6 Purpose of the Thesis Research 
The purpose of the thesis is to contribute to the creation a performance evaluation tool for MWH 
technologies implemented in the WB. The intended users are the organizations who are 
implementing RWH technologies. The tool should enable these organizations as well as farmers to 
compare the performance of fields with the same MWH technologies and also compare them to 
fields without RWH structures. Furthermore, the tool should be able to integrate biophysical, 
technical, and socio-economic aspects of the WH technologies and allow multiple stakeholders to 
weigh the relative importance of the performance criteria. The multi-stakeholder weighing process 
should enable stakeholders to participate, to contribute their knowledge and experience to the 
results of the research.   
This thesis first looks into existing RWH assessment tools to find a suitable foundation for a 
specialized evaluation tool. It then sets out two main research questions to firstly create a case study 
evaluation tool and secondly apply it in a case study focusing on one type of technology: EBTs. Based 
on the results of the case study and the feedback received in the writing process, the discussion 
section takes a critical look at the case study evaluation tool and suggests a number of future 
improvements and research questions.  
 

1.7 Literature Review 
Studies evaluating the performance of existing RWH systems are rare (Oweis et al., 2012, p. 173). 
There is, to my knowledge, no review paper identifying patterns or trends in studies that monitor or 
evaluate RWH systems after their implementation. Among single case studies, some studies take a 
narrow approach and evaluate existing WH systems solely with cost-benefit (CB) analysis (Yuan, 
Fengmin, & Puhai, 2003), hydrological models (Jones & Hunt, 2010), or by simply looking at a few 
indicators – the residual soil moisture, crop yields, and farmers’ preferences – of three RWH 
technologies and a without case (Motsi, Chuma, & Mukamuri, 2004). Other studies take a multi-
disciplinary approach and employ, for example, both hydrological modelling and cost-benefit analysis 
(Kim Kyoungjun & Yoo Chulsang, 2009; Ngigi, Savenije, Rockström, & Gachene, 2005). The results of 
their different methods, however, are not integrated but presented separately which makes it harder 
to compare the overall performance among different RWH structures.  
Similarly lacking an overall performance score but including many more disciplines and perspectives 
is the WOCAT SLM technology assessment questionnaire (WOCAT, 2018). The WOCAT methodology 
evaluates a technology based on legal, economic, cultural, technical and biophysical criteria. 
Integrating all those fields of enquiry, their methodology reduces the risk of missing a potentially 
crucial indicator for a technology’s success or failure. In addition, the method actively asks for and 
contrasts farmers’ perceptions with those of the evaluating experts, thereby decreasing the risk of 
expert bias.  
The very wide scope – the database aims to collect information about all kinds of SLM technologies 
(including WH technologies) and that worldwide – means that some crucial criteria, for instance the 
‘Catchment to Cropping area ratio’ (CCR), are not included and others, for example ‘availability of 
surface water’, ask for a qualitative evaluation where a quantitative one is more appropriate. These 
shortcomings do not matter too much if the evaluation poses questions such as: ‘How does this 
technology perform compared to other technologies existing worldwide?’ or ‘What are the general 
advantages or disadvantages of this technology in its specific context?’ If, however, the evaluation 
aims to improve existing RWH technologies or enable implementing organizations to take stock for 
future projects, the questions might be closer to: ‘How do technologies – implemented on different 
fields – perform relative to each other, or relative to their country-specific, potential maximum and 
minimum performance?’. Such questions, which are more relevant for the stakeholders in Palestine, 
are not as easily answered with the WOCAT questionnaire.  

Adham et al. (2016b) present a method geared towards evaluating multiple technologies of the same 
or similar type within the same watershed. Their assessment tool is based on the Analytical Hierarchy 
Process  (AHP), a multi-criteria decision making tool which structures complex problems by arranging 
relevant factors hierarchically and weighing their relative importance (Saaty, 1990). Adham et al. 
(2016b) make use of this framework to evaluate WH technologies with engineering, biophysical, and 



socio-economic criteria, weigh them against each other, and calculate a performance score. Table 1 
presents the general structure of their evaluation tool.  

 

Table 1: Stages of RWH evaluation tool adapted from Adham et al. 2016b 

Order of Application Stages 
1 Create the AHP hierarchy with objective, sub-objectives, and criteria 
2 Collect and process data per criterion 
3 Create suitability classes, value ranges, and scores per criterion 
4 Initiate stakeholder weighting of sub-objectives and criteria 
5 Compute performances 
6 Discuss results with stakeholders 

7 Draw conclusions for improvement of existing RWH systems or the 
implementation of future RWH projects 

  
While the general framework suits the requirements set out in the problem statement, their tool was 
designed for and tested on Macro WH technologies and cannot simply be applied to MWH 
technologies in the WB as well. There are at least two reasons. First, the tool’s unit of analysis is 
individual RWH structures. That is appropriate for Macro WH technologies of which one typically 
supplies a whole field with many trees. Conversely, individual MWH technologies supply water to 
only one tree each. The stakeholders in the WB are not interested in comparing individual MWH 
structures. Instead, they want to know how well the technologies work on field level. Changing the 
unit of analysis from individual structures to fields requires making adjustments to how the 
evaluation criteria are defined and how the data is collected.  
Second, some of the tools’ criteria, for example drainage length,  are irrelevant for MWH 
technologies and others  need to be adjusted because, for example, EBTs store water in the soil 
profile rather than in a reservoir. While the Adham et al. tool is thus not perfectly suited for a 
performance analysis of the EBTs in the WB, it comes closest to the requirements and will be the 
basis for the performance assessment tool presented by this thesis.  It will from now on as well be 
referred to as ‘the parent tool’.  

 

1.8 Research Questions 
1. How to adapt the Adham et al. RWH evaluation tool to the assessment of MWH technologies in 

the WB?  
1.1. What is the AHP hierarchy? 
1.2. How are the evaluation criteria defined and operationalized? 
1.3. What are the value ranges to convert collected data to performance scores? 

2. What is the performance of six fields with EBTs in Palestine?  
2.1. What are the values and performance scores per criterion of the case study fields before 

applying weights? 
2.2. What is the outcome of the participatory weighting process? 
2.3. What is the weighted performance of the fields ? 
2.4. How do low and high rainfall scenarios affect the performance of the case study fields? 

  



2 Methods 
 

2.1 Methods RQ 1 
Adapting the parent evaluation tool for the use in the WB did not follow a linear, systematic 
approach. Instead, it was a continuous learning process and a stepwise modification involving 
countless trial and error experiences. Nevertheless, the next sections attempts to explain how I 
arrived at the results of RQ 1.  

2.1.1 Method RQ 1.1  
What is the AHP hierarchy?  

The performance of RWH technologies is affected by many factors which can be related to their 
technical design, the environmental conditions, or the socio-economic context in which the 
technologies exist. The AHP framework provides is a method to structure this complex set of factors 
and make a judgement about their relative importance. The core of any AHP analysis is thus the AHP 
hierarchy, whose design rules – as employed by Adham et al. (2016b) – are briefly explained in the 
next paragraphs.  

As figure 1 shows, in the parent tool, the AHP hierarchy consists of three levels. The first level – the 
main objective of the RWH system – is the bar against which each RWH structure’s performance is 
assessed. The definition of the main objective should be broad enough to be accepted by all 
stakeholders for which the evaluation is meant to be relevant. There is always only one objective.  
The second level – the sub-objectives – serves to categorize the criteria. The parent tool has five sub-
objectives, roughly representing five different angles from which to assess the technologies 
performance. 
The third level – the criteria – contains all aspects of the RWH system that are relevant to fulfilling its 
objective. Each criterion is contained within one of the sub-objectives. Adham et al. (2016b) 
highlights that the criteria should be operational, not redundant, and complete.  

 

Figure 1: AHP hierarchy in Adham et al. 2016b 

For the case study evaluation tool, this three level structure of the AHP was taken over from the 
parent tool. The objective was adapted to the local conditions. The set of criteria is largely based the 
parent tool’s level-3 criteria. However, as the case study tool deals with EBTs instead of Jessours and 
Tabias and since it operates on field level instead of on the level of individual structures, I removed 
some and modified other criteria considerably. Their criteria ‘structure dimension ratio’ and 
‘drainage length’ were removed because they are simply not applicable to EBTs. Their criteria – 
‘distance to settlements’ and ‘costs per m³’ were removed after a conversation with my supervisor 
who mentioned that the socio-economic criteria in the parent tool were the weak spot in their 



approach. Instead I came up with four socio-economic criteria, I deemed suitable given the local 
conditions I encountered during the fieldwork. Selection of criteria was thus based on literature – 
especially Adham et al (2016b), conversations with stakeholders and RWH experts, and field work 
experience.  
Changing the criteria had implications for the sub-objectives. As ‘drainage length’ was removed and 
there was no good reason for classifying ‘rainfall’ differently from ‘soil texture’, ‘slope’, or ‘soil 
depth’, the  ‘rainfall’ criterion moved to the site characteristics and the sub-objective ‘climate and 
drainage’ became obsolete.  

Method RQ 1.2 
How are the evaluation criteria defined and operationalized? 

The definition of the criteria ‘rainfall’, ‘soil depth’, and ‘slope’ remained the same as in the parent 
tool. ‘Storage capactiy’ and ‘reliabiltiy ratio’ had to be defined differently because EBTs store water in 
the soil profile instead of a reservoir. The definition of ‘soil texture’ was changed from “percentage 
clay content” in the parent tool to “soil texture class” in the case study tool because the farmers 
were interested in knowing the soil texture of their fields. Newly added criteria were defined based 
on literature, knowledge from courses, and intuition. 

The operationalization of the criteria – the data collection – changed considerably from that of the 
parent tool. Reasons are availability of time, tools, and data. Chapter 3.1.2 describes the data 
collection as it happened during the case study and Annex 2 presents how the data could be 
collected if the tool was used in the future.  

2.1.2 Method RQ 1.3 
What are the value ranges to convert collected data to performance scores? 

The value ranges to convert data to performance scores were partly taken over by the parent tool, 
partly constructed from literature, and partly created intuitively. The results of this sub-research 
question presented in Chapter 3.1.3 indicate the source for each criteria’s value range.  

2.2 Methods RQ 2 
The tool presented in the results of RQ 1 was tested on olive and almond fields with EBTs, the most 
common MWH technology found during the field work. The current section firstly defines some key 
terms, secondly informs about the case study locations, and thirdly describes the methods applied to 
answer each sub-research question. 

 Throughout the rest of the thesis, the term ‘site’ refers to a geographical location that contains one 
or more fields and is denoted with the name of the village it is located in. The unit of analysis is a 
‘field’ which is defined as a part of an agricultural area containing one type of RWH technology and 
delineated by stone walls, areas of different land use, areas with different RWH technologies, areas 
owned by somebody else, drainage lines, or roads.  

Figure 2 shows that sites with EBTs are located in the Tubas and Jenin districts; in the North-Eastern 
part of the WB. The map furthermore indicates that the site in Tubas has three fields and that the 
other three sites located in the villages Tayasir, Khirbet Atuf, and Faqqu’a, respectively, each contain 
one field. The fields were selected based on accessibility, crop types, and data availability. 
As Figure 3 shows, a field features multiple EBTs, each collecting runoff for one tree. On all sites, 
trees were planted in 2016 or later. Therefore, none of them bears any fruit yet. Olives are grown 
exclusively on most fields. However, one field in Tubas only contains almonds and another field there 
has 50 % almonds and 50 % olives.  

 



 

Figure 2: Administrative districts of the WB and locations of case study sites 



 

Figure 3: Arial Photograph of fields with MWH technologies in Tubas 

 

I do not know all sites equally well. My knowledge of the Tubas sites stems from at least five field 
visits, lab analysis of soil samples, a farmer interview, spatial information, and the project report. For 
Faqqu’a, I rely on three field visits, spatial information, and the project report. As I included both the 
Khirbet Atuf and Tayasir sites only after returning to Europe, my knowledge is limited to what I can 
obtain from the geomolg spatial information portal (Palestinian Ministry of Local Government, 2019) 
and the project report. For Khirbet Atuf, I additionally rely on a field visit to a near-by site and on a 
ICARDA RWH suitability study (Prinz, 2014).   

With fewer sources of information available for the latter sites, I had to make a number of 
assumptions. If and how I did that is indicated for each performance criterion in chapter results 3.2.1 
as well as in Annex 1. 

Since the evaluation should at some point in the future be able to compare the performance of fields 
with EBTs to fields with traditional terraces, a ‘without-case field’ is included in the analysis. This field 
does not exist in reality but is constructed as if it was the Tayasir field – same dimensions, number of 
trees, etc .– but without EBTs on it. The reason for including it is to be able to take a first step in 
understanding how the evaluation tool might behave when applied to fields without EBTs.  

2.2.1 Method RQ 2.1 
 What are the values and performance scores per criterion of the case study fields before applying 
weights? 

The results of RQ 1 – the design of the case study evaluation tool including criteria, classification 
table, and AHP hierarchy – are at the same time the methodology for answering the first sub-
research question of RQ 2. A detailed description of the data collection and scoring procedures 
employed in the case study can thus be found in section 3.1.2.  



2.2.2 Method RQ 2.2 
What is the outcome of the participatory weighting process? 

Once every field has been scored on all criteria, stakeholders are invited to include their perspectives 
of the relative importance of the sub-objectives to the main objective of the RWH system, and in a 
second step, the relative importance of the criteria to their respective sub-objectives. This process,  
an integral part of any AHP procedure, is facilitated by a web-based tool developed by Goepel (2018). 
It creates a pair-wise comparison matrix that prompts stakeholders to judge for every pair of sub-
objectives, which one is more important and by how much, on a scale from 1 (equally important) to 
9. The tool calculates a consistency ratio (cr) which, if it exceeds 10 %, recommends the user to 
adjust her rating. The process is repeated for every pair of criteria within a sub-objective. Once all 
stakeholders have completed the weighting process on both levels, the online tool first consolidates 
the user inputs and then calculates a global weight for each criterion.  

For the case study, I have asked seven experts on RWH, who are also familiar with the conditions in 
Palestine, to use the online tool to weigh the criteria. Three of them have followed the invitation. 
Section 3.2.2 presents the weights obtained in the process. 

2.2.3 Method RQ 2.3 
What is the weighted performance of the fields? 

To calculate a field’s final performance score, the scores of each criterion are multiplied with the 
weight obtained during previous stage and subsequently summed up according to the following 
formula: 

  

𝑃𝑃 =  � 𝑊𝑊𝑖𝑖𝑋𝑋𝑖𝑖
𝑛𝑛

𝑖𝑖=1
 Equation 1 

With  

• P = performance 
• W = global weight of criteria i 
• X = score of criteria i 
• i, n = number of criteria  

The performance scores are classified into five performance classes with score 1 representing very 
low performance and score 5 very high performance.  

2.2.4 Method RQ 2.4  
How do low and high rainfall scenarios affect the performance of the case study fields? 

To compare the performance of RWH technologies under varying rainfall conditions, the rainfall 
parameter ‘P’ is adjusted in Excel. Table 2 shows the five rainfall scenarios and how the precipitation 
parameter is manipulated. The table furthermore lists two scenarios (XIV and XV) created later to 
find out how to improve the tool.  

  



Table 2: Overview of scenarios 

Scenario Name Parameter Changes 

I: Baseline P1 = P 

II:  high rainfall P2 = P * 1.25 

III: very high rainfall P3 = P * 1.5 

IV: low rainfall P4 = P * 0.75 

V: very low rainfall P5 = P * 0.5 

X: adjusted  C  C2 = C*10 

XIV: adjusted C and low rainfall P4=P*0.75 ; C2 = C*10 

XV: adjusted C and very low rainfall P5 = P*0.5; C2 = C*10 

 

  



3 Results 
3.1 The Case Study Evaluation Tool 
The first RQ asks what changes needed to be made to the parent evaluation tool to make it 
applicable to the assessment of fields with EBTs in the WB. The current section answers this question 
by first presenting the adjusted AHP hierarchy, then describing all evaluation criteria in detail, and 
lastly presenting the performance classification table. 1 

3.1.1 AHP Hierarchy 
Figure 4 shows the AHP hierarchy of the case study evaluation tool. The main objective of Eye Brow 
Terrace fields is to collect rain water runoff and store it in the soil profile to enable profitable crop 
production in water scarce areas of the West Bank.  

 

Figure 4: Caste Study AHP hierarchy with objective, sub-objectives, and criteria 

The sub-objectives or main criteria essentially indicate  

• How well the structures have been designed 
• How well the sites-specific biophysical conditions have been taken into account 
• How reliably the RWH technologies improve water availability and crop yields, and 
• How well social and economic conditions have been taken into account  

3.1.2 Description of Criteria 
The current section for each criterion how it is defined, why it is included, and how the necessary 
data were acquired. If data could not be acquired during the field work it is indicate how it was 
assumed. 

                                                           
1 The current section, the answer to RQ 1, is at times written in past tense as it is at the same time part of the 
methodology used to answer RQ2.   



3.1.2.1 Storage Capacity Ratio  
Any water harvesting structure contains an element that stores water. As Micro Water Harvesting 
technologies, EBTs store water in the soil profile. Ideally, the volume of water that is provided by rain 
and runoff should match the volume of water that can be retained by the soil that is in the vicinity of 
the roots of the crop. Thus, Equation 2 shows that the storage capacity ratio is defined as the volume 
of total water supply (V1+V2) divided by the volume of maximum potential water storage.  

 

  

Storage Capacity Ratio =  
𝑉𝑉1 +  𝑉𝑉2

 water holding capacity ·  rooting depth ·  𝐴𝐴𝑐𝑐𝑐𝑐
  

 

Equation 2 

 

With 

V1: the volume of water generated from runoff 
on the catchment areas   

V2: the volume of rainfall onto the cropping areas 

V1= 0.001 · C · P · Aca [m³] 
C: runoff coefficient 

V2 = 0.001 · P · Acr [m³] 

P: average annual precipitation [mm] 
Aca: catchment area [m²] 

P: average annual precipitation [mm] 
Acr: cropping area [m²] 
 

 
The cropping areas were determined by drawing polygons on the inside of the stone-made, half-
circular structures clearly visible on a high resolution (pixel =10x10 cm) aerial photograph within the 
‘geomolg’ spatial information platform (Palestinian Ministry of Local Government, 2019). The 
average Acr of the structures included in the sample was then multiplied by the total number of EBTs 
on the field. The catchment area was calculated by subtracting the field’s cropping area from its total 
area.   

Precipitation and runoff coefficient were determined within the ArcGIS software. Source data was 
provided by the Water and Environmental Studies Institute (WESI) of An-Najah University. 
Precipitation was simply identified from an interpolated raster dataset. The Runoff Coefficient was 
determined on catchment level by dividing the long term, annual discharge by the volume of the 
average annual precipitation.  

Water holding capacity (WHC), defined as percentage volume of water at field capacity (FC) -  
percentage volume of water at wilting point (WP) (Oweis et al., 2012, p. 107), was determined with 
the freely available software ‘Soil Water Characteristics’ (Saxton, n.d.). The software calculates water 
holding capacity at WP and FC  accepting soil texture and organic matter content as minimum inputs 
(Saxton & Rawls, 2006). Soil texture was determined in the lab (see chapter 3.1.2.5  for a detailed 
description). Organic matter content was assumed to be 2.5 %- the program default setting -  for all 
fields.  

Crop rooting depth was obtained from literature. For almonds it is 1.2 m and for olives it is 1.45 m 
(National Resources Conservation Service, 2016). Where the soil is shallower than the rooting depth, 
the parameter was replaced with soil depth in Equation 2.  

3.1.2.2 Design/Actual CCR Ratio  
Catchment to Cropping area ratio is one of the most widely employed design parameters for RWH 
structures (Oweis et al., 2012). The proportions should be chosen such that the runoff that is 



generated on the catchment area bridges the gap between crop water requirements and 
precipitation on the cropping area. According to (Schiettecatte et al., 2005), the design  CCR ratio is 
calculated as follows: 

  

𝐶𝐶𝐶𝐶𝐶𝐶 𝑑𝑑𝑑𝑑𝑠𝑠𝑖𝑖𝑖𝑖𝑖𝑖 =  
𝐸𝐸𝐸𝐸𝑐𝑐 − 𝑃𝑃
𝐶𝐶 × 𝑃𝑃

 Equation 3 

 

Where ETc is the annual crop water requirement, P is the average annual precipitation, and C is the 
runoff coefficient. ETc is the product of the potential evapotranspiration (ET0) and the crop factor kc 
and is described in more detail in chapter 3.1.2.7. 

The actual CCR ratio of a field was obtained by dividing the catchment area by the cropping area.  

Finally, the design CCR ratio was divided by the actual CCR ratio.    

3.1.2.3 Rainfall  
RWH systems aim to make more of the little rain that falls in semi-arid and arid regions. 
Nevertheless, there needs to be some rain for the system to function. Therefore, rainfall is one of the 
most common site selection criteria in ASARs (Adham, Riksen, Ouessar, & Ritsema, 2016a). Generally, 
the more rainfall there is the better. However, if there is enough rainfall to fulfil the crop water 
requirements or if the soil becomes waterlogged, there really is no point in investing in RWH 
systems.  

In the case study, annual average precipitation was identified from an interpolated rainfall raster 
dataset (spatial resolution = 100 m) provided by WESI. 

3.1.2.4 Soil Depth 
A recent literature review indicates that both the FAO and various researchers use soil depth as site 
selection criteria for RWH measures (Adham et al., 2016a). Soils that are too shallow to allow crop 
roots to grow to their full length reduce the effective root zone depth – the part of the soil in which 
soil moisture is available to the plant. As MWH technologies rely on the soil profile as water storage 
reservoir, sufficient soil depth is especially relevant for their performance.  

During the case study, soil depth data could not be acquired directly on the fields. To still be able to 
test the tool, I used Excel’s RANDBETWEEN function to create random values between 50 and 200 
cm.  

3.1.2.5 Soil Texture 
Soil texture influences infiltration and percolation rates. Co-determining  runoff generation and 
water storage, it is one of the most widely employed RWH site selection criteria (Adham et al., 
2016a). According to Garcia-Gaines and Frankenstein (2015), for agricultural purposes, soil texture is 
defined by grain size distribution, following the USDA method of determining the relative shares of 
sand, silt, and clay particles with  

• sand = 2.0 – 0.05 mm  
• silt = 0.05 – 0.002 mm 
• clay = < 0.002 mm  

Grain size distribution was determined in the lab with sieve and hydrometer analysis. Soil samples 
were taken at the same depth and distributed such that they took into account any heterogeneity in 
horizontal soil texture distribution. In the lab, the samples were mixed into a compound sample 
which underwent sieve analysis to determine the weight of gravel and sand particles. As sieve 
analysis is limited to particles that are larger than 0.075 mm, hydrometer analysis then determined 



the weight of the remaining sand fraction, silt, and clay. Once the shares of sand, silt, and clay had 
been determined, they were adjusted for the gravel content and classified using the USDA textural 
soil triangle (Garcia-Gaines & Frankenstein, 2015).    

Although a recent review shows that the literature does not specify which soil textures are suitable 
for EBTs (Abed, Riksen, & Ritsema, 2018), soils with higher clay content are generally more suitable 
for RWH while soil with a higher share of sand are less suitable (Adham et al., 2016b; Oweis et al., 
2012, p. 21). In the case study, scoring of soil texture classes followed that proposed by Abed et al. 
(2018) for the creation of a suitability map for EBTs in the WB. The soil texture of the Tubas site was 
determined in the lab. To test the tool, the soil texture of the other sites was randomly generated in 
Excel.  

3.1.2.6 Slope 
Adham et al. (2016a) found that slope is the most widely used site selection criterion for RWH 
measures in ASARS. It affects the runoff generation and co-determines ease of access and what type 
of machinery can or must be used for construction and maintenance of RWH structures and crops. 
Every RWH technology thus has a range of slope angles for which it is considered suitable. In the case 
of EBTs, the literature is inconclusive: Oweis, Prinz, & Hachum (2001) and Oweis et al. (2012) do not 
mention slope ranges, Mekdashi Studer & Liniger (2013) claim that EBTs are suitable on slopes up to 
50 %, a study of WH methods on almond orchards in Iran claim a range of 1-5 % (Rahemi & Yadollahi, 
2006), and an entry in the WOCAT database of EBT’s for olive production in Syria mentions a range of 
15-40 % (WOCAT, 2011). Table 3 shows that for the case study, scores were assigned in accordance 
with the scores used to produce suitability maps for EBTs (Abed et al., 2018).  

Slope can be determined with a variety of methods. The best method is to use an accurate GPS 
sensor to log elevation data in a straight line along the steepest slope. The slope percentage is 
subsequently calculated using GIS or surveying software. Average slopes can also be determined by 
creating an elevation profile along a straight line in Google Earth. However, whether this method is 
accurate enough for RWH site selection is not clear (Prinz, 2014). Another method is to use an 
inclinometer. For the case study, slopes in Tubas were determined using a GPS device. Google Earth 
was used for all other fields .  

3.1.2.7 Reliability Ratio 
As one of the aims of RWH – and of the efforts to upscale WH in Palestine in particular – is to 
increase water availability (Shadeed & Judeh, 2018), the ratio of water supply to water demand is an 
important indicator for a field’s performance. Water supply is defined as in chapter 3.1.2.1. Water 
demand is calculated as  

  
𝑊𝑊𝑊𝑊𝑊𝑊𝑑𝑑𝑊𝑊 𝐷𝐷𝑑𝑑𝐷𝐷𝑊𝑊𝑖𝑖𝑑𝑑 = 𝐸𝐸𝐸𝐸𝑐𝑐  ∗ 𝑘𝑘𝑐𝑐  ∗  A𝑐𝑐𝑐𝑐  +  percolation  Equation 4 

 

Where ET0 is the annual potential evapotranspiration, kc is the crop factor, and Acr is the cropping 
area. If a field contained more than one type of crop, the ETc was be determined separately for the 
area each crop type takes up on the field, respectively. The results were added to obtain the total 
water demand.  
Percolation is difficult to measure. Adham et al. (2016b) cite typical infiltration rates based on soil 
texture for their evaluation tool but fail to mention how to derive an annual percolation volume from 
them. In the case study, percolation was set to 20% of the water supply volume. ET0 was identified 
from an interpolated GIS layer provided by WESI and kc values were taken from literature with kcOlive 
= 0.65 and kcAlmond = 0.5 (Allen, Pereira, Raes, & Smith, 1998).   

  



3.1.2.8 Productivity Ratio 
Rain Water Harvesting aims to enable profitable crop production where it is otherwise too dry. 
Improved crop yields are an indicator of success. The productivity ratio compares a field’s annual, 
actual yields to a country level, average, annual yield for the same crop as shown in Equation 5.  

 

  

𝑝𝑝𝑊𝑊𝑝𝑝𝑑𝑑𝑝𝑝𝑝𝑝𝑊𝑊𝑖𝑖𝑝𝑝𝑖𝑖𝑊𝑊𝑝𝑝 𝑊𝑊𝑊𝑊𝑊𝑊𝑖𝑖𝑝𝑝 =  

𝑝𝑝𝑖𝑖𝑑𝑑𝑦𝑦𝑑𝑑𝑜𝑜𝑜𝑜𝑖𝑖𝑜𝑜𝑜𝑜 ∗ 𝐹𝐹𝑜𝑜𝑜𝑜𝑖𝑖𝑜𝑜𝑜𝑜𝑜𝑜
𝐴𝐴𝑓𝑓𝑖𝑖𝑜𝑜𝑜𝑜𝑓𝑓

 

𝐴𝐴𝑝𝑝𝑑𝑑𝑊𝑊𝑊𝑊𝑖𝑖𝑑𝑑 𝑝𝑝𝑖𝑖𝑑𝑑𝑦𝑦𝑑𝑑𝑜𝑜𝑜𝑜𝑖𝑖𝑜𝑜𝑜𝑜
+  

𝑝𝑝𝑖𝑖𝑑𝑑𝑦𝑦𝑑𝑑𝑎𝑎𝑜𝑜𝑎𝑎𝑜𝑜𝑛𝑛𝑓𝑓 ∗  𝐹𝐹𝑎𝑎𝑜𝑜𝑎𝑎𝑜𝑜𝑛𝑛𝑓𝑓𝑜𝑜
𝐴𝐴𝑓𝑓𝑖𝑖𝑜𝑜𝑜𝑜𝑓𝑓

𝐴𝐴𝑝𝑝𝑑𝑑𝑊𝑊𝑊𝑊𝑖𝑖𝑑𝑑 𝑝𝑝𝑖𝑖𝑑𝑑𝑦𝑦𝑑𝑑𝑎𝑎𝑜𝑜𝑎𝑎𝑜𝑜𝑛𝑛𝑓𝑓
 Equation 5 

With Folive and Falmond being the fractions of a multi-crop field occupied by olives and almonds 
respectively and Afield being the total area of the field.  

This criterion has been included only after the field work period and actual yield data could thus not 
be obtained. For the purpose of testing the tool, actual yield was varied as percentage of the average 
yield in Excel. In the West Bank, average olive yield is 1338.83 kg/ha (Palestinian Central Bureau of 
Statistics, 2012) and average almond yield is 1545 kg/ha (ARIJ, 2015).  

3.1.2.9 Discounted Pay-Back Time 
The main objective of the RWH system is to enable profitable crop production. To what extent the 
investment in the RWH technologies turned out to be profitable is therefore considered an important 
indicator for its performance. Profitability or lack thereof is commonly expressed as Net Present 
Value (NPV) of the cumulative costs and benefits of an intervention over a specific time period 
(Aymeric, Myint, & Westerberg, 2014).  Equation 6 shows the formula for NPV  

  

𝑁𝑁𝑃𝑃𝑉𝑉 =  ��
𝐶𝐶𝑡𝑡

(1 + 𝑊𝑊)𝑡𝑡
�

𝑛𝑛

𝑡𝑡=0

 Equation 6 

With:  

n = chosen time horizon  
r = discount rate 
t = year after establishment 
Rt = net benefits – net costs per year t 
 

The time horizon may be informed by the productive life of the crop (Ibid.) or the economic life of 
the RWH technology. Once the time horizon is set, the NPV indicates the projects net returns or 
losses at the end of that time period. Costs are investment costs and annual maintenance costs; 
benefits are annual profits from sales of agricultural produce and, in case of WH, avoided costs of 
annual water purchases. Except the investment costs, all costs and benefits occur in the future – 
relative to the year of establishment – and are therefore discounted at 10% - a rate typically 
employed in cost-benefit analyses for projects in development countries.   

While the NPV is a good indicator for profitability or lack thereof, it may not be easily understood by 
all stakeholders. Furthermore, there might be disagreement over what should be the time horizon 
over which the NPV is calculated. Therefore, the evaluation tool uses the discounted payback time of 
the intervention, defined as the number of years it takes for the NPV to be positive, as a hopefully 
more practical indicator.  

The cost-benefit parameters investment costs, annual maintenance costs, benefits from crop sales, 
and water purchases avoided may be obtained through stakeholder interviews. Except in the case of 
investment costs, care must be taken to ask for average values as they will be extrapolated to all 



years. Income from crop sales may be estimated by multiplying the fields’ average yield with the 
average price the farmer can obtain per kg of produce. Water purchases avoided can likewise be 
estimated by multiplying the volume of water harvested (V1) with the costs of purchasing 1 m³ of 
water. Once the four cost-benefit parameters and the discount rate have been established, the NPV 
and discounted pay-back time are calculated in Excel.   

For the case study, investment and maintenance costs were estimated based on WOCAT data 
(WOCAT, 2011) and one farmer interview (Interview with Abu Dawas, 2018). As the analysis is done 
from the perspective of the individual farmer, the investment costs are defined as the famers’ 
contribution to the project, which is 20 % of the total costs (Ibid).  Income from olive crop sales is 
based on statistics of average household income of olive farmers (ARIJ, 2015, p. 13), average olive 
farm size (Palestine Economic Policy Research Institute, 2016), average olive farm tree density 
(Palestinian Central Bureau of Statistics, 2011, p. 176), and the ILS-$ exchange rate of 2015 – the year 
of implementation. Income from almond crop sales is based on the same parameters and sources 
except that I could not find the average almond farm size and therefore assumed it to be 1 ha. The 
m³ price of water, 0.7 $ (Isaac et al., 2015) is multiplied with the volume of water harvested, to 
derive the annual benefits of water purchases avoided. I assumed values to calculate a hypothetical 
payback time on fields that are partly or fully cropped with almonds.   

Payback time values may be scored according to known, average pay back times of SLM interventions 
in the same region. Alternatively, preliminary stakeholder interviews or surveys can probe farmers’ 
willingness to invest under a range of pay-back horizons.  

3.1.2.10 Labour Requirements 
Both the establishment and maintenance of EBTs is considered labour intensive (Oweis et al., 2012). 
According to a local RWH expert, lack of labour for construction and maintenance of RWH structures  
is considered an important barrier to their success in Palestine (Personal Communication, Omari, 
2018). As the performance of EBTs depends on their regular maintenance, especially if they are 
located in areas characterized by having a high risk of flood damage, it is important to include a 
criterion that indicates labour requirements.  

Labour requirements for SLM interventions are sometimes expressed in person days per area per 
time unit. However, in practice, it might be difficult to obtain such a quantitative value given the 
seasonal nature of farming and absence of documented, contracted labour. Therefore, the criterion 
used for the evaluation tool is a qualitative indication of the farmers’ perception about how much 
human work needs to be invested in the maintenance of his/her field over a year, compared to a 
rainfed field of the same size, with the same crops, and in the same location but without water 
harvesting structures. The assumption is thus that the labour that is otherwise used to manually 
irrigate trees is saved after implementing the RWH structures.  

Labour requirements are indicated on a 5 level +/- scale, with (- -) representing very low, (+ -) equal, 
and (+ + ) very high labour relative requirements. Farmer interviews or surveys are used to acquire 
the data.  

 I included this criterion only after returning from my fieldwork. In the results of the case study, the 
data were therefore randomly generated for demonstration purposes only.  

3.1.2.11 Perception of Water Independence 
As previously mentioned, improved water availability is one of the distinct objectives of 
implementing RWH in Palestine. If achieved, it would not only mean increased agricultural 
production, but not less importantly, also a higher level of independence from Israel. Currently, if a 
farmer does not collect rain water, water for supplementary irrigation must be purchased from the 
Israeli water company Mekerot (Koek, 2013). According to a RWH researcher in Palestine, greater 
independence from Israeli-controlled water resources is considered more valuable than the 
economic benefits of RWH projects (Personal Communication, Shadeed, 2018). Therefore, I decided 



to include a separate criterion which indicates farmers’ perception of how much more or less they 
depend on water purchases since the EBTs have been constructed.  

Water independence is a qualitative value, measured on a +/- scale with five levels. The data should 
be obtained during farmer interviews or surveys. During the field work for the case study this 
criterion had not been included yet. The data is therefore randomly generated.               

3.1.2.12 Perception of Future Ownership 
One reason for the failure of WH initiatives is insecure land tenure (Oweis et al., 2012). As farmers 
might be less likely to invest in or maintain land over which their future ownership is unsure, the 
criterion ‘perception of future ownership’ indicates how likely the farmer feels it is that he/she or 
his/her family will be able to benefit from his investment in RWH structures in the future.  

Besides its general relevance to the success of any RWH project, it is especially important to include 
this criterion in the context of the case study. In Palestine, population growth and inheritance 
customs create land fragmentation which a local RWH expert cites as the main barrier to 
implementation of RWH projects (Personal Communication, Omari, 2018).   

Perception of future ownership is measured on a five level +/- scale that is converted to a rank of 1-5 
with 1 (- -) representing very high uncertainty of future ownership and 5 (++) very low uncertainty 
about future ownership. Farmer interviews or surveys may be used to obtain the information. For 
the case study, these data were randomly generated as the criterion was only included after the field 
work had finished. 

3.1.3 Performance Classification Table  
Every field is assessed on all criteria described in detail in the previous section. Table 3 shows for 
each criterion, how the data obtained is transformed into a performance score and performance 
class with the help of value ranges.  

 



Table 3: Overview of all criteria and their performance classification  with help of value ranges and scores 

Criteria [unit] Classes Values Source  Values Scores Source Scores 
      

Mean Annual Rainfall  
[mm/y] 

very low precipitation < 150 (Shadeed, 2011) 1 (Mekdaschi Studer 
& Liniger, 2013) low precipitation 150 – 300 2 

medium precipitation 300 - 450 3 
high precipitation 450 - 600 5 

very high precipitation > 600 4 
Storage Capacity Ratio [-] 

 
 

large capacity surplus <0.5 (Adham et al., 
2016b) 

2 (Adham et al., 
2016b) capacity surplus 0.5-1.0 4 

Optimum capacity 1.0-2-0 5 
Capacity Deficit 2.0-4.0 3 

Critical capacity deficit >4.0 1 
Design/Existing CCR Ratio [-] 

 
severe over design <0.5 (Adham et al., 

2016b) 
2 (Adham et al., 

2016b) slight over design 0.5-0.75 4 
optimal design 0.75-1.25 5 

slight under design 1.25-2 3 
severe under design >2 1 

Soil Texture [ class] 
 

  (Abed et al., 2018)  (Abed et al., 2018) 
sandy loam sandy loam 3 

loam loam 4 
clay loam clay loam 5 

clay clay 2 
Soil Depth [m] very shallow <0.25 (Adham et al., 

2016b; Oweis et al., 
2012, p. 139) 

1  
shallow 0.25-0.5 2 

moderately deep 0.5-1 3 
deep 1-1.5 4 

very deep >1.5 5 
Slope [% rise] 

 
flat 0-5 (Abed et al., 2018) 5 (Abed et al., 2018) 

gentle 5-10 3 
moderately steep 10-15 2 

steep 15-30 1 



very steep >30 1 
Reliability Ratio [-] severe over design <0.35 (Adham et al., 

2016b) 
2 (Adham et al., 

2016b) slight over design 0.35-0.75 4 
optimum design 0.75-1.1 5 

slight under design 1.1-1.75 3 
severe under design >1.75 1 

Productivity Ratio [-] very low yield < 0.75  1  
low yield 0.75 – 1 2 

normal yield 1 – 1.25 3 
high yield 1.25 – 1.5 4 

very high yield > 1.5 5 
Discounted Payback Time [y] 

 
very short payback time < 5  5  

short payback time 5 - 10 4 
normal payback time 10-15 3 

long payback time 15- 20 2 
very long payback time > 20 1 

Labour Requirement [+/-] very high labour requirement - -  1  
high labour requirement - 2 

normal labour requirement +/- 3 
little labour requirement + 4 

very little labour requirement + + 5 
Water Independence [+/-] 

 
much less independent from water purchases - -  1  

more independent from water purchases - 2 
equally independent from water purchases +/- 3 
more independent from water purchases + 4 

much more independent from water purchases + + 5 
Perception of Future 

Ownership [+/-] 
very low certainty about future ownership - -  1  

low certainty about future ownership - 2 
moderate certainty about future ownership +/- 3 

high certainty about future ownership + 4 
very high certainty about future ownership + + 5 

 



3.2 The EBTs’ Performance 
The current section describes the results of the second research questions, firstly presenting values 
and performance scores per criterion, secondly the outcome of the participatory weighing process, 
thirdly the performance of the fields with and without application of the set of weights, and fourthly 
the effect of running four rainfall scenarios onto the performance of the fields.  

3.2.1 Values and Scores per Criterion 
Table 4 shows the values each field received for each criterion with the maximum and minimum 
values highlighted. Many values coincide for the first three fields because they are located at the 
same site. Likewise, values of the last two fields concur on many criteria because the ‘without case 
field’ is designed as copy of the Tayasir field without RWH structures. This field has a very high 
design/actual CCR value because it does not have a catchment area. 



Table 4: performance values for all case study fields on all criteria (+/- scales already converted to ranks) 

Name Tubas 1 Tubas 2 Tubas 3 Faqqua Atuf Tayasir without case 
field unit 

Storage Capacity Ratio 4.82 4.46 6.84 2.77 4.21 7.88 5.70 (-) 
Design/actual CCR Ratio 7.13 12.09 6.20 3.24 4.75 3.14 48977180 (-) 

Rainfall 379.04 376.46 376.46 359.10 399.00 434.00 434.00 mm * m-1 * 
y-1 

Soil Depth 1.69 0.99 0.70 1.44 1.02 0.78 0.78 m 
Soil Texture 2.00 2.00 2.00 4.00 5.00 2.00 2.00 rank 1-5 

Slope 32.83 22.80 15.87 7.36 8.00 6.19 6.19 % 
Reliability Ratio 1.92 2.25 2.25 1.97 2.08 1.79 2.40 (-) 

Productivity Ratio 1.20 1.20 1.20 1.20 1.20 1.20 1.20 (-) 
Discounted pay-back Time 16.00 10.00 9.00 9.00 9.00 9.00 0.00 years 

Labour Requirements 2.00 2.00 2.00 3.00 4.00 5.00 3.00 rank 1-5 
Water Independence 2.00 2.00 2.00 3.00 4.00 1.00 3.00 rank 1-5 
Perception of future 

Ownership 4.00 4.00 4.00 2.00 3.00 2.00 2.00 rank 1-5 



Figure 5 shows for each criterion the percentage of fields (n=7) that receive a certain score, according 
to the value ranges provided in Table 3. A few points stand out. First, there are a number of criteria 
for which all fields score the same. For example, all but one field receive the worst score on the two 
Structure Design criteria. Likewise, all fields score 3 on Rainfall and Productivity Ratio, as well as 1 on 
Reliability Ratio. Second, variability is much higher for socio-economic criteria than for any other 
group of criteria. Third, on all Site Selection criteria, score 3 is the most common one.   

 

Figure 5: Percentage of fields scoring 1-5 per criteria 
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3.2.2 Weights 
Three out of seven contacted experts responded to the invitation to weigh the sub-objectives and 
criteria. Figure 6 shows the consolidated weights of all participants both on the level of sub-
objectives and on the level of criteria.  

On the sub-objective level, site characteristics is ranked as most important (31.8 %) followed by 
structure design (26 %), socio-economics (22.3 %), and lastly structure reliability (19.8 %). Within 
structure design, the respondents rank storage capacity as double as important as CCR ratio. 
Likewise, within structure reliability, reliability ratio is about twice as important as productivity ratio.  
Within the site characteristics, the experts consider rainfall almost double as important as both soil 
depth and slope, while they rank soil texture as the least important of the four criteria. Within socio-
economics, the discounted pay-back time is rated higher than the other three criteria that are 
considered largely equally important.   

Multiplying the weights of both levels yields the final weight of each criterion. Figure 7 depicts that 
the four most important criteria are storage capacity ratio (16.3 %), rainfall (13.4 %), reliability ratio 
(12.5 %), and CCR ratio (9.8 %).  It furthermore shows that for every participant, the CR ratio, a 
measure of the internal consistency of the pairwise comparison of criteria, lies below the maximum 
acceptable limit of 10 %. The figure also highlights that for some criteria, there is a lack of consensus 
among the respondents. While storage capacity receives a more than 20 % weight from two 
reviewers, the third one rates it at 3.4 %. In turn, this reviewer considers the productivity ratio (21.1 
%) and perception of future ownership (18.7 %) as the two most important criteria while both other 
respondents assign only a maximum of 5.1 %.  The overall group consensus is 71.3 %. 

 

Figure 6: Case study AHP hierarchy with consolidated weights for level 1 and level 2 items 



 

Figure 7: Individual and consolidated weights per criterion 

 

3.2.3 Performance of fields 
Table 5 shows the performance scores of all fields, calculated as weighted final performance score by 
applying Equation 1 as well as unweighted performance score by summing the scores across all 
criteria and dividing by the number of criteria. There is little variability among the weighted final 
performance scores (sd= 0.216) with the field Tubas 2 receiving the lowest score (2.05) and the field 
Faqqu’a the highest one (2.73). A ‘without case field’, having the same characteristics as the Tayasir 
field but no RWH structures, received the third best score (2.32). If the performance scores were to 
be classified into five performance classes, all fields would fall into the second worst performance 
class (2 =low performance). The unweighted performance scores have similar invariability (sd= 0.226) 
and if reclassified, all fields would fall into the same performance class. The table furthermore 
reveals that while applying our weight set slightly changes the final performance scores of each field, 
it does not affect their rank. 

Table [5]: weighted and unweighted performance scores and ranks of fields 

field name weighted 
performance score 

unweighted 
performance score rank weighted rank 

unweighted 
Tubas 1 2.12 2.33 6 5 
Tubas 2 2.05 2.25 7 7 
Tubas 3 2.13 2.33 5 5 
Faqqua 2.73 2.92 1 1 

Atuf 2.41 2.75 2 2 
Tayasir 2.24 2.50 4 4 

‘without case field’ 2.32 2.58 3 3 
 



Figure 8 depicts the final performance score (A) and the unweighted performance score (B). It also 
shows to what extent the four sub-objectives contribute to the performances. However, that 
contribution, represented by the size of the four individual components, is not normalized to the 
number of criteria contained in each sub-objective.  The size of the stacks thus represents the 
combined effects of scoring, weighing, and the number of criteria contained in each sub-objective 
onto the final performance score of each field. The relative contribution of the four sub-objectives to 
the final performance score is largely similar across all fields. Field Faqqu’a obtained the highest 
performance score because it scored better than any other field on the structure design sub-
objective.  

  

 

 

3.2.4 Performance of Fields under varying Rainfall Scenarios 
Table 6 shows the performance scores of the fields under five rainfall scenarios. Under scenarios II 
and III – the higher rainfall scenarios – the fields perform on average better than in the baseline 
scenario. Under scenarios IV and V – the lower rainfall scenarios – the fields also perform better than 
under the baseline scenario but not as good as under scenarios II and III. Variability of performance 
among the fields remains largely the same across all scenarios. Under all scenarios except scenario IV 
(P4 =P * 0.25), all fields perform better than under the baseline scenario. Under Scenario IV, only half 
the fields perform better than the baseline scenario. The ‘without case field’ containing no WH 
structures always ranks in the middle, neither reaching the top two or bottom two ranks. Ranking of 
fields changes from that of the baseline scenario under all scenarios except for scenario V (P5 = P* 
0.5), for which it is exactly the same.  
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Figure 8: weighted (A) and unweighted (B) performance scores with contribution of sub-objectives 



Table 6: weighted performance scores and statistic under five rainfall scenarios  

fields/scenarios I: Base II: P +25% III: P +50% IV: P -25% V: P -50% 
Tubas 1 2.12 2.63 2.63 2.31 2.31 
Tubas 2 2.05 2.32 2.57 2.25 2.25 
Tubas 3 2.13 2.39 2.64 1.99 2.32 
Faqqua 2.73 2.98 3.12 2.60 2.92 

Atuf 2.41 2.93 2.93 2.60 2.60 
Tayasir 2.24 2.95 3.02 2.24 2.43 

‘without case field’ 2.32 2.58 2.70 2.32 2.51 

      
statistics      
average 2.29 2.69 2.80 2.33 2.48 

sd 0.22 0.25 0.20 0.20 0.22 
min 2.05 2.32 2.57 1.99 2.25 
max 2.73 2.98 3.12 2.60 2.92 

# of fields better than I 0 7 7 3 7 
# of fields changing rank 0 5 3 6 0 

 

  



4 Discussion 
It is impossible to validate the presented evaluation tool properly due to the many assumptions in 
the case study data and the small number of fields. However, the results do offer a number of clues 
as to what could be improved.  First,I discuss the noticeably bad score across all fields on the 
design/actual CCR ratio criterion. Second, I comment on the overall performance scores. Third, I 
consider the unexpected effect of improving performance scores under lower rainfall scenarios.  

After taking a look at the results of the case study, the discussion will turn to additional insights I 
gained at different moments in the thesis research.   

 

4.1 Comments on the Case Study Results 

4.1.1 Comments on R 2.1:  Values and Scores  
One of the points standing out from the results of RQ 2.1 were that under average rainfall conditions, 
all fields receive the worst score on the actual/design CCR ratio criterion. This is strange because, as 
Table 7 shows, all fields’ actual CCRs range between or above the ratios suggested in the literature 
5:1-10:1 (Mekdaschi Studer & Liniger, 2013, p. 113) and  4:1 – 8:1 (for semi-circular bunds) (Oweis et 
al., 2012, p. 121).  

Table 7: runoff coefficients, actual CCR and design CCR under baseline scenario and under realistic runoff coefficient 
scenario  

Field Name 

runoff 
coefficient C 

under scenario 
I (baseline) 

‘CCR actual’ under 
scenario I 
(baseline) 

‘CCR design’ under 
scenario I 
(baseline) 

‘CCR design’ 
under 

scenario X: C2 = 
C*10 

Tubas 1 0.0185 7.3 51.7 5.2 
Tubas 2 0.0185 5.7 68.4 6.8 
Tubas 3 0.0185 13.6 84.4 8.4 
Faqqua 0.0185 28.2 91.3 9.1 

Atuf 0.014571 21.0 99.7 10.0 
Tayasir 0.034773 11.0 34.5 3.5 

‘without case field’ 0.034773 0.0 34.5 3.5 
 

The low scores are thus caused by unrealistically high design CCRs. Looking at Equation 3 for ‘design 
CCR’ and knowing from literature that the parameters precipitation and ETc are within a suitable 
range, it appears that the calculated runoff coefficients, as shown in the first column of Table 7 
above, must be responsible for the problem. These C values, determined in the case study by dividing 
average runoff and rainfall on catchment level, are much lower than runoff coefficients reported in 
the literature. Oweis et al. (2012, p. 152)reports “low runoff coefficients” of 0.05-0.08 from a case 
study in China. Adham et al. (2016b) calculate their performance scores with C= 0.18. Oweis et al. 
(2012, p. 28) calculate average seasonal runoff coefficients for a site in Syria and report a range of 
0.14-0.37. Even though the mean C value of all catchments in the WB is somewhat higher (µ= 0.055, 
σ = 0.03), this difference between the calculated C values and those typically reported in RWH 
suitability studies suggests that the method used in the case study is underestimating runoff 
potential. The likely reason is the scale dependency of runoff generation potential. According to Chen 
et al. (2016), C decreases with increasing catchment sizes.  Instead of determining the runoff 
potential at catchment level, it is thus recommended to use the CN-SCS method (USDA, 2008), which 
operates at field level.  



While it is not possible to go back to the field to try this method in the scope of this thesis, the last 
column of Table 7 shows that using higher runoff coefficients, would result in more realistic ‘design 
CCR’ values. That, in turn, would bring about higher scores on the design/actual CCR ratio criterion.  

4.1.2 Comments on R 2.3: Overall Performance Scores 
Adham et al. (2016b), the only other study using a methodology similar to the case study, found a 
similar range of final performance scores (2.04 – 3.32). However, since their study was concerned 
with a different type of WH technologies, in a different context, and without the substantial 
modifications, no meaningful conclusions can be drawn from this comparison. Furthermore, The 
overall performance scores cannot tell much about the actual performance of the EBT fields, because 
of the many assumptions that had to be made for the data collection.   

4.1.3 Comments on R 2.4: Rainfall Scenarios 
 
Table 6 in chapter 3.2.4 has shown that contrary to what one would expect, running lower rainfall 
scenarios shows increasing performance scores. To find out the reason and suggest improvements to 
the tool, we can look at what happens to the scores of individual criteria when the precipitation 
parameter is varied.  

Precipitation is linked to the criteria storage capacity ratio, design/actual CCR ratio, rainfall, reliability 
ratio, and productivity ratio. Given the results of the case study, the hypothesis is that scores on 
‘storage capacity’ should improve, whereas scores on the other four criteria should worsen.  This 
effect should be greater under scenario V than under scenario IV. Figure 9 shows that with 25 % less 
rainfall (A), the classified scores of ‘storage capacity’ do increase and that scores on ‘rainfall’ do 
decrease for some fields. With 50 % less rainfall (B), the same happens but this time to all fields.  

 

 

Figure 9: Change of classified performance scores for selected criteria under two diminished rainfall scenarios (A: -25%; 
B: -50%) 

The figure also shows that in neither of the two decreased rainfall scenarios, is there any change in 
score classes in the other three criteria. For each of the three criteria, we will briefly investigate 
possible reasons.  

For the productivity ratio, the reason is that yield quantities were not sampled but instead simply set 
to 120% of the average crop yield. The influence of water availability on crop production is thus not 
reflected. This problem would solve itself if actual yield data were acquired during field work.  
The values for ‘design/actual CCR ratio’ and ‘reliability ratio’ do actually decrease. However, since 
both criteria already start out with the minimum possible score under the baseline scenario, their 
classified score cannot worsen further. The improvement suggested earlier – obtaining more realistic 
C values – fixes this problem. Table 8 shows that running the lower rainfall scenarios with tenfold 



increased C values, leads to the expected decrease in overall performance scores with respect to the 
new baseline scenario X.   

 

Table 8: Weighted performance scores of fields and statistics for realistic runoff coefficient and low rainfall scenarios  

fields/scenarios X: C2=C*10 XIV: P4 = P * 0.75  & 
C2 = C*10 

XV: P5 = P * 0.5 & C2 = 
C*10 

Tubas 1 2.98 2.70 2.06 
Tubas 2 2.77 2.37 1.92 
Tubas 3 2.92 2.64 2.44 
Faqqua 2.88 2.87 3.17 

Atuf 3.01 3.07 2.73 
Tayasir 2.71 3.04 2.75 

‘without case field’ 2.32 2.32 2.51 
    

statistics    
average 2.80 2.71 2.51 

sd 0.22 0.28 0.40 
min 2.32 2.32 1.92 
max 3.01 3.07 3.17 

 

While there was something to be learned from the results of the lower rainfall scenarios, no 
attention has been given to discussing the less suspicious results of the higher rainfall scenarios. 
Furthermore, the percentage of average rainfall used to create the four scenarios as chosen 
arbitrarily. If future users or developers of the tool want to use rainfall scenarios to test its behaviour 
it is suggested to investigate the effects of all scenarios and to design them depending on the 
frequency with which low or high rainfall events actually occur in the study areas.  

4.2 Additional Insights and Recommendations 
In the process of collecting data, evaluating results, writing the thesis report, and engaging with 
feedback on it several not yet mentioned insights emerged. The current section briefly describes 
them.  

4.2.1 Stakeholder Participation  
In accordance with the purpose of the thesis, the evaluation tool allows multiple stakeholders to 
weigh the performance criteria. The intention is to increase the relevance of the results to the 
intended users by enabling them to participate; to let their knowledge and experience influence the 
results to some extent.  

The stakeholders’ opinions can only truly be said to play a role if the weighing process can actually 
influence the results. As noted in chapter 3.2.2, assigning weights did not change the rank of fields, 
neither their final performance class, neither the range of performance scores among fields; it solely 
reduces the final performance scores of all fields by 0.2 to 0.3. This suggests that the weighing 
process does not have much of an influence on the results. However, this claim is based on a 
particular set of values obtained during the case study and on only one set of global weights. While it 
is beyond the scope of this thesis to test the degree of influence a weight set would have on a range 
of possible performance values, I tested the sensitivity of the results to the weighing process by 
creating random weight sets in Excel. Figure 10 shows the final performance scores of all fields for 10 
randomly generated weight sets. 



 

Figure 10: variation of final performance scores with randomly generated weight sets 

 

It becomes clear that varying weight sets does at times cause a change of fields’  ranks, performance 
classes, and the performance variability among the fields (sd range: 0.16-0.32). This proofs that the 
weighing process can influence the results of the analysis and thereby refutes any hypotheses 
claiming that stakeholders cannot at all be active participants in the evaluation process.  
In conclusion, while it is beyond the scope of the thesis to provide a detailed analysis of the degree of 
participation the method allows, it is fair to say that it allows for stakeholder participation and 
improves upon its parent method by implementing a transparent multi-stakeholder weighing 
process. To further increase stakeholders’ participation, they could be asked to actively take part in 
the creation of the AHP hierarchy. An early stakeholder [workshop could, for example, provide the 
platform to decide together which criteria to include and how to arrange them in the hierarchy.  

4.2.2 Independence of Criteria 
In MCAs, the criteria should always be independent of each other. Independence can be tested by 
computing the correlation coefficients between any pair of criteria. Given the small number of fields, 
it is appropriate to use a threshold of 0.6 (-0.6) above (below) which, a pair of criteria is consider 
dependent. The first table in Annex 3 shows that under a baseline scenario and excluding the 
’without case field’, there are many pairs of criteria with high correlation coefficients (>0.6 or <-0.6). 
Most of those pairs, however, contain at least one criteria whose values were randomly generated. 
In some cases, for example for the criteria ‘slope’ and ‘perception of future ownership’, it seems thus 
more likely that the high correlation coefficients are random effects than that are actually measuring 
the same performance aspect.  

The second table in Annex 3 shows that with the more realistic runoff coefficient C2 = C*10, there is a 
very high correlation (0.99) between the criteria ‘design/actual CCR ratio’ and ‘reliability ratio’. While 
the correlation coefficient between the two criteria is only medium high under a baseline scenario 
(0.67), using the more realistic runoff coefficient indicates that the criteria are not independent. This 
conclusion is supported by the fact that both criteria are calculated with the same parameters (P,C, 
ETC, Aca, and Acr). A point of improvement of the MWH evaluation is thus to remove the criterion 
‘reliability ratio’.  
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A few other criteria partially rely on the same parameters and are therefore at risk of overlap as well. 
First, rainfall is a criterion and also a parameter in storage capacity, CCR ratio, and reliability. 
Furthermore, it influences productivity ratio, payback time, and perception of water independence. 
Second, soil depth is a criterion as well as a parameter in storage capacity. Third, soil texture is a 
criterion and also a parameter in storage capacity and reliability. The lack of data and small number 
of fields currently make it impossible the draw any meaningful conclusions from the correlation 
coefficients of these criteria.  It is suggested that future research evaluates the tool by computing 
correlations from a larger data set, paying attention to the pairs pointed out above.   

4.2.3 Points of Improvements for individual Criteria 
Calculating the storage capacity requires the water holding capacity of the soil. One of the input 
parameters to the ‘Soil Water Characteristics’ software is the soil organic matter content. This might, 
as it was in the case study, be difficult to assess quantitatively by farmers or practitioners. It is thus 
recommended to find a reference value from literature.  

The criterion ‘slope’ scores slopes of 0-5 the highest. This scoring should be reviewed as slopes close 
to 0 % are not favourable to runoff based rain water collection. It is recommended to make slopes of 
0-2 % into a separate class and assigning them a lower performance score.  

At first sight, the criterion productivity ratio seems to be a good indicator for the performance of a 
field equipped with technologies whose objective it is, in part, to enable profitable crop production. 
When taking a closer look, there appear to be some problems with including this criterion though. 
While yields certainly are influenced by water availability, there are a lot of other factors which affect 
the productivity.  One could, for example, be measuring the success of agricultural practices and 
fertilizer application or the effect of diseases instead of the performance of the RWH technology. 
Given these uncertainties I suggest to remove the criterion from the evaluation tool. Instead, 
different kind of studies could investigate the effect of RWH technologies on crop yields in a setting 
where more of these variables can be controlled.   

4.2.4 Importance of defining the End User of the Tool 
Who would be the intended users of the evaluation tool – implementing organizations, farmers, 
researchers, or a combination of all – had not been clearly defined when the AHP hierarchy was 
created. This is problematic – and thus a recommended point of improvement for the future – for 
multiple reasons. First, whether or not a criterion should be included in the AHP hierarchy depends 
on, inter alia, whether it is operational. As different stakeholders have different access to data or 
means to collect it, evaluating operationability of criteria – a recommended future research activity – 
is only possible if the end user has been defined. Second, the criteria ‘discounted payback time’ 
would have to be defined and calculated differently depending on whether the RWH technology is 
assessed from an individual or a societal perspective. If the intended users of the tool are farmers, 
the C/B analysis is individual and the NPV is calculated based only on the costs and benefits of the 
farmer. If the intended users are implementing organizations, the perspective of the C/B analysis 
should be societal and costs and benefits should be adjusted such that they include also those borne 
by the implementing organizations.  

4.2.5 Importance of defining the ‘Without Case’ 
The criteria ‘discounted payback time’ and ‘labour costs’ make a comparison between a ‘with case’ – 
a cropped field with EBTs - and a ‘without case’. In the presented case study evaluation tool, it is not 
clear whether the without case is meant to be a field with crops but without RWH technologies or 
land which is not used at all. The confusion stems from the reality on the ground where, contrary to 
claims made in the project report (Applied Research Institute Jerusalem, 2018, p. 87), on some fields, 
EBTs were simply created around existing trees and on others, EBTs and trees were established at 
the same time. As the without case is different, these fields should not have been compared.  
By not defining the without case, the criterion ‘discounted payback time’ makes two mistakes. First, 
it takes into account ‘water costs avoided’ for some fields were the without case is actually 
uncropped land. Second, it includes planting of trees in the investment costs for some fields were the 
trees had already been established much earlier. The ambiguous ‘without case’ poses a problem for 



the criterion ‘labour costs’ as well. Where the without case are fields where trees had previously 
existed, constructing EBTs might save labour by avoiding manual irrigation. Where the without case 
is uncropped land, this labour cannot be saved. Comparing the scores on this criterion may thus 
indicate different previous conditions rather than actual differences in perceived labour input among 
fields with EBTs.   

Making a choice for and clearly defining the without case is a recommended point of improvement 
for the MWH evaluation tool. Future users of the tool must take care only to include fields of the 
same ‘without case’ in their analysis.  

4.2.6 Choice of Fields for Sase Study  
The choice of fields in the case study was subject to many constraints and therefore not ideal for the 
purpose of testing the tool. Future efforts to validate the evaluation tool should pay attention to 
firstly include a larger number of EBT fields, secondly choose them such that they represent a higher 
variety of environmental conditions. Following these recommendations would allow for a better 
validation of the independence of criteria as well as the ranges of values used to create performance 
scores in Table 3  

4.2.7 Cisterns 
Upslope of some of the sites with MWH technologies, there were cisterns for rain water collection 
and supplementary irrigation.  As the evaluation tool is primarily concerned with MWH technologies, 
it has so far ignored them. However, their existence definitely influences the performance of the 
fields. They increase the water supply, create investment and maintenance costs, and will be 
factored in by farmers in their perception of water independence and costs of labour. Where cisterns 
are present, one can thus not speak of a pure MWH technology anymore. Instead, we must speak of 
combined systems.  

Given that these cisterns are so prominent in the WB – both on fields with MWH technologies and on 
fields with traditional terraces – future versions of the evaluation tool should find a way to account 
for them. For example, when calculating the storage capacity, the additional water they supply could 
become an additional term V3 = 0.001 P*C*Aca in the numerator of Equations 2. Care must be taken 
to also account for the additional water supply when determining the design CCR ratios.  

4.2.8 Importance of defining relevant Stakeholders 
Deciding which stakeholder are relevant and should be included in the weighing process of the tool 
was an intuitive choice. The current version of the evaluation tool does thus not include a 
justification for including or excluding any stakeholders. To improve the tool, future research should 
inquire which stakeholders have an interest in better understanding the performance of MWH 
technologies in the West Bank.  

  



5 Conclusions 

This thesis research contributed to the evaluation of MWH technologies implemented in the West 
Bank by developing and testing a specialized assessment tool. A similar, AHP based evaluation tool 
for Macro Water Harvesting technologies – the parent tool – was adapted to the evaluation of EBTs. 
The most important adjustments came forth from using a different unit of analysis –  ‘fields’ instead 
of ‘individual structures’ – and accounting for water storage in the soil profile instead of in reservoirs. 
As a consequence, the way some criteria were defined and operationalized was adapted. Based on 
conversations with local stakeholders, a number of socio-economic criteria were added. 
Furthermore, some value ranges used to score the EBT fields on the criteria were adjusted such as to 
reflect the conditions found in the WB.  

The case study tool takes into account technical, biophysical and socio-economic factors and allows 
stakeholders to weigh the relative importance of these criteria. Subsequently, it integrates the scores 
on all criteria and the weights applied to them into one final performance score per field. This 
approach enables the end users of the tool to quickly compare the fields’ overall performance, take a 
closer look at which aspects cause well or ill functioning, and understand how important various 
stakeholders consider the various factors contributing to a technology’s performance. 
  
The case study tool was applied to 6 fields with EBTs in the North Western WB. While the case study 
data contained too many assumptions to draw conclusions about the actual performance of the 
EBTs, the results point towards a number of improvements of the evaluation tool. The most 
important once include using a different method to obtain more realistic runoff coefficients and 
removing criteria which are not independent. The evaluation tool would furthermore benefit from a 
clearer definition of the intended users of the tool, the relevant stakeholders to include in weighing 
of criteria, and the ‘without case’, which the EBT fields are compared to. In addition, an updated 
version of the tool incorporating the suggested improvements should be applied to a larger number 
of fields to further validate the independence of criteria, the value ranges used to score the fields, 
and the operationability of all criteria. Another recommended way of validating the results is discuss 
them with the relevant stakeholders.  

In this thesis the tool was only applied to EBTs. Future research should investigate if the tool could 
also be applied to the other MWH technologies present in the WB.    
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7 Annexes 
7.1 Annex I: Case study Assumptions  
criteria assumed values How applied to  notes 
Mean Annual Rainfall       
Storage Capacity Ratio organic matter content default setting = 2.5 % all fields  
Design/Existing CCR 
Ratio 

    

Soil Texture  Textural class Excel: =Randbetween(1,5) non-Tubas fields  
Soil Depth  Soil depth Excel: =Randbetween(50,200) All fields  
Slope Slope Google earth non-Tubas fields  
Reliability ratio percolation abitrarily set to 20 % of water supply all fields  
 organic matter content use of software default value: 2.5 % all fields  
Productivity ratio yield abitrarily set to 120 % of average yield all fields  

Discounted payback 
time 

maintenance cost total cost maintenance (interview) / total number 
of trees * number of trees per field 

all fields assumes that all MWH structures 
require equal maintenance costs 

investment costs establishment costs per ha (WOCAT) * 25 * field 
area in [ha] * (tree density / Wocat tree density) 

all fields assumes that establishment costs 
are proportional to number of 
trees, does not take economy of 
scale into account (ie. For 
machinery use) 

benefits from crop 
sales 

(average annual income of olive farmers / 1 ha ) * 
field size 

  

    
    

Labour requirement  Labour requirement  Excel: Randbetween(1,5) all fields set to 3 for ‘without case field’ 
Water independence  Water independence  Excel: Randbetween(1,5) all fields set to 3 for ‘without case field’ 
Perception of future 
ownership  

Perception of future 
ownership  

Excel: Randbetween(1,5) all fields  

 



7.2 Annex 2: Overview of parameters with level and method of acquisition  
Parameter Level How/from whom to obtain 
kc for Olives, Almonds catchment/agroecological zone literature review 
rooting depth for O, A  literature review 
ET0 catchment/agroecological zone GIS, literature review 
P  farm  GIS 
Q  catchment GIS 
Establishment costs field Stakeholder Interview/Survey, 

WOCAT 
Maintenance Costs field Stakeholder Interview/Survey, 

WOCAT 
perception of future ownership field Stakeholder Interview/Survey 
soil texture field field method, lab analysis of soil 

texture 
labour requirements field Stakeholder Interview/Survey 
yield field Stakeholder Interview/Survey 
A (catchment, cropping, total) field, structures, field aerial photo / GIS/GPS 
terracing variables field literature 
water holding capacity field Soil Water Characteristics 

Software 
costs of purchasing 1 m³ water 1. farm/community 

2. country level 
1. Stakeholder 

Interview/Survey 
2. Statistics office 

soil depth field 1. Field survey 
2. Stakeholder 

Interview/Survey 
3. literature 

labour requirement field Stakeholder Interview/Survey 
 

average crop yields  country literature 
   
   
   
   
   
   
   
   
   
   
   



7.3 Annex 3: Correlation Coefficients  
Table A3.1: Correlation Coefficients under Baseline Scenario with values <-0.6 or > 0.6 highlighted 

 

Correlation 
Coefficients 
under  
scenario I 
(basline)

Storage 
Capacity 
Ratio

Design/a
ctual CCR 
Ratio Rainfall

Soil 
Depth

Soil 
Texture Slope

Reliabilit
y Ratio

Productiv
ity ratio

Discount
ed pay 
back 
time

Labour 
requirem
ents

Water 
indepen
dence

Percepti
on of 
future 
ownershi
p

Storage 
Capacity Ratio 1.00 -0.14 0.72 -0.67 -0.62 -0.09 -0.18 -0.23 -0.12 0.33 -0.73 0.03
Design/actual 
CCR Ratio 1.00 -0.34 0.00 -0.44 0.69 0.67 -0.32 0.28 -0.68 -0.15 0.79

Rainfall 1.00 -0.50 -0.12 -0.37 -0.53 -0.27 -0.19 0.82 -0.38 -0.38

Soil Depth 1.00 0.17 0.49 -0.34 -0.10 0.74 -0.33 0.25 0.03

Soil Texture 1.00 -0.55 -0.04 0.49 -0.36 0.36 0.92 -0.43

Slope 1.00 0.23 -0.37 0.86 -0.76 -0.25 0.81
Reliability 
Ratio 1.00 0.23 -0.24 -0.65 0.26 0.69
Productivity 
ratio 1.00 -0.37 0.00 0.50 -0.13
Discounted 
pay back time 1.00 -0.45 -0.18 0.48
Labour 
requirements 1.00 0.00 -0.80
Water 
independence 1.00 -0.07
Perception of 
future 1.00



Table A3.2 Correlation Coefficients under scenario X: C2 = C*10 with values <-0.6 or > 0.6 highlighted 

 

Correlation 
Coefficients 
under  
scenario X: C2 = 
C*10

Storage 
Capacity 
Ratio

Design/a
ctual CCR 
Ratio Rainfall

Soil 
Depth

Soil 
Texture Slope

Reliabilit
y Ratio

Productiv
ity ratio

Discount
ed pay 
back 
time

Labour 
requirem
ents

Water 
indepen
dence

Percepti
on of 
future 
ownershi
p

Storage 
Capacity Ratio 1.00 -0.57 0.78 -0.65 -0.26 -0.54 -0.56 -0.04 -0.27 0.67 -0.53 -0.46
Design/actual 
CCR Ratio 1.00 -0.34 0.00 -0.44 0.69 0.99 -0.32 0.48 -0.68 -0.15 0.79

Rainfall 1.00 -0.50 -0.12 -0.37 -0.32 -0.27 0.05 0.82 -0.38 -0.38

Soil Depth 1.00 0.17 0.49 0.04 -0.10 0.41 -0.33 0.25 0.03

Soil Texture 1.00 -0.55 -0.47 0.49 -0.50 0.36 0.92 -0.43

Slope 1.00 0.78 -0.37 0.89 -0.76 -0.25 0.81
Reliability 
Ratio 1.00 -0.32 0.60 -0.72 -0.15 0.87
Productivity 
ratio 1.00 -0.46 0.00 0.50 -0.13
Discounted 
pay back time 1.00 -0.40 -0.29 0.67
Labour 
requirements 1.00 0.00 -0.80
Water 
independence 1.00 -0.07
Perception of 
future 1.00
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