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Abstract: In this paper, Erbil province in Iraqi Kurdistan has been chosen as a representative case study for a large number of 
provinces in semi-arid areas, lacking imbalance between water demands and supply. Climate change is expected to 
bring higher average temperatures and lower precipitation, which would intensify the pressure on water resources and 
increase the environmental concerns. A set of fifty-five detention ponds in Erbil were investigated, with storage 
capacities ranging from nearly 49,000 m3 to 250,000 m3. These ponds were constructed to mainly supply 
smallholding farms, watering livestock, and for groundwater recharge. The paper seeks to examine the function and 
necessity of retention ponds, as a sustainable drainage system measure in semi-arid areas, to mitigate the growing 
combined impacts of a water shortage and inter-annual climate variability. A set of indicators was adopted: (a) the 
cost of construction; (b) harvested water volume; (c) irrigated farms; (d) the number of beneficiaries; (e) the number 
of livestock kept; (f) groundwater recharge; (g) recreation activity; and (h) biodiversity, in addition to checking its 
materialising by concerned authorities and residents. A detention pond application plan has been developed to support 
the sustainable functioning of Rainwater Harvesting System (RWHS). 
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1. INTRODUCTION  

In the World Economic Forum 2017, it has been pointed out that environment-related risks also 
stand out in this year’s global risk landscape. The most frequently cited of these being the pairing of 
“water crises” as well as “failures to climate change mitigation and adaptation”. Furthermore, The 
World Bank expects that water stress could cause extreme societal overstrain in regions like the 
Middle East, where the economic effects of water scarcity could reach at risk 6% of Gross 
Domestic Product (GDP) by 2050 (Van Der Heijden, 2015). 

Water shortages problem can affect the daily life needs in its various forms, agricultural, 
industrial and then to varying degrees the economic activities. In large cities, rainwater storage 
tanks can be used to save rainwater, but in peri-urban development and suburb areas, different 
rainwater means such as tanks or ponds are used as a unique water supply for many households and 
families to support agricultural livelihoods, mitigate water insecurity, and enable ecosystem 
services.  

Amin et al. (2012) have pointed out that an increasing maximum rainfall with decreasing annual 
rainfall has been observed for the cities signifying the more extreme rainfall events and resulting 
floods for short durations. The assessments of any systematic changes in view of the increased rain 
intensities and extreme climate events are viewed to demonstrate the harvested rainwater value and 
management as a local adaptation to the climate variability and extreme. In Iraq, the semiarid 
Kurdistan region is suffering from water shortages problem. Erbil province has been chosen as a 
representative case study for a large number of provinces that suffers from water shortage, climate 
variability and the consequences associated with drought problem (Figure 1). 
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Figure 1. The location of Erbil province with respect to Iraq and the world 

 Studies have shown that the application of Macro RWH will provide good provision for water-
scarcity (Zakaria et al., 2013), thereby helping to minimize the water crises. RWHS technique 
encourages harvesting rainwater for the last two decades and has given hopeful results in semi-arid 
region (Al-Ansari et al., 2015). This had been conducted based on variables of: harvested water 
volume, water surface area, catchment areas, and the minimum cost of small dams. Bitterman et al. 
(2016) have explored that there are a number of components that are basic components which 
govern water security, the components are; land use, land cover, hydrology, groundwater, socio-
economic, social equity, ponds functionality as ponds capacity and management, and agriculture 
productivity. Therefore, taking into account further variables such as livestock’s watering, area of 
ponds, biodiversity value, bio-retention consideration, recreation aspects, groundwater recharge, 
and beneficiaries support, those additional variables would give more comprehensible outcomes for 
the same studied period. 

2. MATERIALS AND METHOD 

2.1 RWHS data analysis  

Microsoft Excel (2010) was used to manage the data set, to categorise it into sub-sets and further 
to make analysis associated with the application of mathematical functions. The process of 
analysing the data follows the following steps: (a) the minimum value of each indicator has been 
subtracted from the maximum value then the result divided by four to make the weighting judgment 
more precise by differentiating the data into intervals; (b) every subset of data for every single 
indicator has been selected and given a relative (proportional ) weight values, either 25% = 0.25, 
50% = 0.5, 75% = 0.75, or 100% = 1.00, there has been sorted out into four intervals; (c) the 
relative weights have been ordered as 25%, 50%, 75%, and 100%. Functions that have been used 
for this purpose were (INDEX) and (SUMPRODUCT): (e) the formula that has been used to pick 
out the corresponding values for every interval is illustrated in Equation 1 as a sample for irrigated 
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area. The least subset has been given relative weight of 25% as it has little impact compared with 
the data within its set, i.e., the data which have the less values the least percentage 0.25 were given. 
On the other hand, the data, which have the more values the most percentage 1.00, were given.  

There were exceptions, two indicators that are; construction cost and ponds area, their 
percentages have been taken inversely, these exceptions attribute to; whenever the cost increases the 
economic cost-effectiveness decrease, as for the ponds area; whenever the basin inundation area 
increased, legal issues will excite and raises property ownership issues, in addition to the reduction 
in size of agricultural lands. 

   (1)  

This process has been repeated for all indicators, and hence, all were resulted relative weights for 
every nominated pond inserted into corresponding table cells. Thereafter, Equation 2 has been used 
to find out the weighted score for every detention pond, i.e. each scaled weight is then multiplied by 
the appropriate relative weight, giving a weighted score, and i.e. all results are out of 37. Giving 
scaled weights for every indicator can be differing from points of view and the aims of the study; 
this is true even the set of indicators is the same. Therefore, the scaling is chosen based on the 
essentiality and the importance of each indicator for our purpose. 

2.2 RWHS ponds data 

A set of fifty-five detention ponds in Erbil province has been investigated. These detention ponds 
form a RWHS as one of the commonly used sustainable drainage systems (SuDS) in the arid and 
semi-arid areas (Harb, 2015; Ziller and Ertl, 2010). Ten indicators have been investigated and 
examined. These indicators are: (a) the cost of construction; (b) the size of inundated area; (c) the 
harvested water volume; (d) proposed livestock’s watering; (e) irrigation area; (f) groundwater 
replenishment; (g) flood risk mitigation; (h) the number of beneficiaries and socio-economic 
development; (i) the appropriateness for recreation; and (j) biodiversity. A weighted scale approach 
has been used in which a weighted scale factor (WSF: 1 to 5) was given to each indicator. The 
weights are (1: very low impact; 2: low impact; 3: medium impact; 4: high impact; and 5: very high 
impact). The Ministry of Agriculture and Water Resources (2016) Kurdistan Regional Government-
Iraq (KRG) has facilitated the access of available data and gathering it from a number of 
departments. Site visits have been undertaken to a number of detention ponds in order to better 
understanding the current situation and to meet with the local communities.  

Since the data were collected, they consist of figures (numbers) for every indicator, and each 
indicator represents as an indicator of the effectiveness of the system, moreover, how the indicators 
data can be inducted, therefore, the approach of Multiple-criteria decision analysis (MCDA) have 
been chosen. MCDA is seen as a sub-discipline of research methods, which distinctly evaluates 
multiple conflicting and non-conflicting indicators for evaluation or decision-making. One of the 
methods that widely have considered as a sort of MCDA techniques is Weighted Sum Model 
(WSM) (Zardari et al., 2015; Herath and Prato, 2006). In decision theory, the WSM is well known 
as a simple MCDA for evaluating a number of indicators in terms of a number of criteria (Ben-
Ariehand and Triantaphyllou, 2002; Marler and Arora, 2010; Alanazi et al., 2013). The common 
formula for obtaining the weighted score (Odu and Charles-Owaba, 2013) is shown in Equation 2: 

IiWSM-score = Sw ∗  Rw!
!!!  ,   for n = 1, 2, 3, . . . (2) 

where: Ii WSM is Indicator score weight, Sw is Scaled weight, and Rw is Relative weight 
(Proportional weight). 

Selected relative weight = INDEX (range from 0.25 to 1.00, SUMPRODUCT 
(--(all selected data under irrigated area column ≤ maximum ranges from 
1000 to 4000),--(selected data under irrigated area column ≥ minimum ranges 
from 0 to 1000), ROW (number of rows to be analysed))) 
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2.3 Data derived from concerned people 

In 2016, 57 individuals, representing villagers, farmers and towns Notables' and 42 water 
professionals have been interviewed. Face-to-face and telephone structured interviews have been 
adopted and carried out (Opdenakker, 2006). Ethical approval from the Ministry of Agricultural and 
Water Resources (KRG) were obtained including the consents from all participants. 

3. RESULTS AND DISCUSSION 

3.1 Results obtained from the RWHS 

The highest scaled weight of “5” has been associated with four indicators: harvested water 
volume; irrigated area; livestock’s watering; beneficiaries and socio-economic, this has been based 
on the perspective of water shortages in semiarid regions, the harvested rainwater volume plays the 
pivot role to grow livestock’s numbers and widen the irrigated area, as a result, this would be 
beneficial for socio-economic prosperity.  

The potentiality of groundwater recharge in such area cannot be marginalised, it is considered as 
an assurance of water provision for the next generations; that has been facing depression since last 
decade (Werner and Gleeson, 2012; Everard, 2016; Ebrahimi et al., 2016). Therefore, it led to 
consider that the groundwater issue has to be given a scaled weight of “4”. 

A scaled weight “3” was given to the construction cost and flood risk management indicators, as 
these two indicators have not been considered among the major objectives for the application of 
RWHS in the studied area. Despite there is still limited proofs on the effectiveness of these systems 
and a need to quantify their admitted benefits, i.e. in terms of flood protection and water quality 
among others (Perales-Momparlera et al., 2016), but also we cannot be given lowest rates of scaled 
weights. This has been seeing in terms of the essentially of financial supports, cost-benefit 
considerations, in addition for tackling disasters that following flood events in semi-arid regions. 

Ponds provide aesthetic worth to areas that construct in. Origin birds, migratory birds, attract 
hovering around ponds as well as wild animals. Studies (Bogaski, 2012; Barron, 2009) show 
aesthetic beauty, recreational values and biodiversity conservation are almost equal, and come to 
following the utilization for irrigation purposes and economy costs, therefore have given scaled 
weights “2” and “1”.  

Economic benefits from the ponds show that benefit cost ratio in almost crops are nearly double 
that assert the high value in financial returns the alternate land use by cultivating grasses that have a 
great desire in dairy farms (Shrivastava et al., 2015). 

Findings show that economically this system in this area was effectively and benefit cost. In 
other words, 48 out of 55 ponds have cost in a higher range of relative weight, i.e. less cost, which 
is a good indicator that can be inferred from the results, as this system of SuDS would be feasible 
for application in such a region. It is worth mentioning, that this result not necessarily be 
generalised, there are many factors are involving; for instance, the economic situation of the 
country, pond site selection, availability of raw materials, high quality of construction techniques, 
and many other interrelated factors. 

Two other indicators; the pond basin area and flood risk reduction, were counted 48 and 55 
ponds out of 55, both are within the higher ranges of relative weights respectively, which is also 
considered as a significant evidence for relative use of SuDS techniques for this region. 

Turning to the other four indicators; harvested water volume; irrigated areas; livestock’s 
watering; and number of beneficiaries, it can be noticed that most ponds were got less weights, 
here, it can be noticed; that there are many other factors lie behind this; (a) The survey or the 
assumption of the designers on feasibility study might be inaccurate. (b) A number of ponds have 
situated in non-arable areas. (c) The number of villagers and farmers were not counted as it is. (d) 
Or can be attributed to the political situation that most of villagers had migrated to urban areas in 
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the past decades due to political conflicts, and still most of them are living there, this will reduce the 
number of beneficiaries and livestock’s watering. 

It has been noted that the ponds which are located within the steppe areas are most likely 
supporting water shortages in dry-spell seasons for the areas known as rain-fed lands. Therefore, 
those ponds are considered the most feasible than others pertaining to the use for agricultural 
exploitation. Obviously, villagers are gathering around areas in which water are available, a larger 
number of farmers and villagers are living in the plateau, this indicates that in addition to the 
availability of rains, the topography has the role for gathering people and get benefit from this 
technique. 

These ponds have been supporting livestock’s watering; big portions of livestock flocks are 
secured watering after the run of these ponds. It is worth mentioning, based on the availability of 
rainfall and suitable topography; the RWHS performances are different due to varying degrees in 
terms of irrigation, watering livestock’s, ground water recharge, socio-economic development, and 
biodiversity. 

There are only 3 ponds out of 55 (approximately 5.5%) has thoroughly been contributing for 
recharging groundwater. This suggests that further site investigations and hydro-geological studies 
are needed to properly improve groundwater recharge.  

Regarding to recreation and bio-diversity, as weights; it looks likely as same level for all ponds, 
these two indicators were also governed by many other factors, to clarify more; the data were 
collected by official departments might be gathered at early period of ponds construction, or the 
observations were not taken in suitable seasons and so on. 

 The frequency distribution of results have been categorised into 4 groups, almost half of ponds 
got scores between 17.8 and 20.3 out of 37 as (group 1 and 2), whereas, the rest of 6 ponds i.e. one 
tenth were laid in high score weights as group 3 and 4. This attributed to what have been previously 
clarified besides the other influential factor that is; setting the scaled weights that pointed out the 
importance of each indicator, which governs the total weighted scores. 

3.2 Results derived from stakeholders 

The transcripts were re-reviewed for many times, key points has been selected through the 
review that was focused on by most of the respondents, based on the highlighted significant key 
points, those were classified under categories as a number of themes, that can be inferred as 
strategies: 

Strategy 1: Identifying the function of stormwater systems  
Most of residents’ responses indicated that they either “do not know how the detained water goes 

through evaporation and ground percolation” or “do not know the socio-economic benefits are”. 
Strategy 2: Identify related indices to education 
Terminology and their accompanying notions such as stormwater runoff, watershed and 

sustainability specifically may be too strange and complex for people who casually pay attention to 
SuDS. Choosing a physical, visible indicator can help effectively communicate and introduce 
somewhat abstract concepts. Rationalisation of water consumption, maintain water quality are 
intangible concepts needs to be understood. 

Strategy 3: The necessity for municipal ordinances issue pertaining RWHS 
Another strategy for increasing the adoption of SuDS is to take external opportunities or link 

recommended SuDS to recent rule changes. For example, the municipalities’ councils and the 
Department of Environmental Protection should implement restrictive ordinances and develop a 
regional model ordinance for harvesting rainwater that is appropriate to the interests of both urban 
and suburb communities. For example, land owners' rights and water sharing quotas between 
breeders and farmers. 

Strategy 4: Capacity Building for Green Industry Professionals  
Provide guidelines for landlords and green industry professionals on the use of fertilisers, 

herbicides, and pesticides. 
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Strategy 5: Raise the awareness of residents, farmers and villagers to Increase Adoption of Ponds 
and Plants 

Education about plantings nearby ponds can be divided into different types and delivered to 
groups depending on how likely they are to adopt plantings as a way to exploit harvested water to 
sustain crop production and pave the way for bio-diversities environments. 

Strategy 6: Action plans 
Solid plans are needed to improve the socio-economic situation for farmers and villagers. 

Practical steps are needed to adopt disease prevention program due to increase of harmful insects. 

4. CONCLUSIONS 

The semi-arid regions have been encountering to water crisis since subjected to climate 
alterations, therefore, joint effect alleviation is needed for both water scarcity and climate 
variability. Thus, the interests to RWHS are essential to avoid most of the environmental, economic 
and social ramifications.  

In the economic perspective, the assessed system is cost-effective. Results reveal that RWHS has 
a significant role in flood risk reduction. Due to climatic alteration, these regions have been 
experiencing both long drought period and combined with extreme rainfall events, the detained 
rainwater mostly cannot be sufficient a long drought seasons for the purposes of livestock watering 
and farm irrigation, it can be regarded as a mitigation measure, despite that and as long as the 
system has been operated, water needs were rather securely. Recreation issue can be utilised a long 
certain seasons where the climate are moderate. As for bio-diversity; despite there were not a 
satisfactory results, but joint actions are needed to involve Tourism Board, Environment Agency 
with Water resources management. More hydro-geological studies are needed to properly manage 
groundwater recharge.  

Actions are required as attempts to successfully apply RWHS in a sustainable manner based on 
developed strategies that should be considered. In semiarid areas, a comprehensive database of all 
the components that can be incorporated into SuDS and water resources management is needed. On 
the other hand, a strategic planning is also needed to better understand the philosophy of SuDS 
supported by a solid action plan. 
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