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ABSTRACT 

Kurdistan Region (KR) of Iraq has suffered from 
the drought period during the seasons 2007- 
2008 and 2008-2009 that affected the human and 
economic activities of the region. Macro rain- 
water harvesting (Macro RWH) is one of the te- 
chniques that can ensure water availability for a 
region having limited water resources. This te- 
chnique is based on Soil Conservation Service- 
Curve Number (SCS-CN) method and the Water- 
shed Modeling System (WMS) was used to esti- 
mate the runoff. Rainfall records of Sulaymani- 
yah area for the period 2002-2012 were studied 
and an average season was selected (2010-2011). 
The results of the application of the WMS model 
showed that about 10.76 million cubic meters 
could be harvested. The results also showed 
that the quantity of the harvested runoff was 
highly affected by rainfall depth, curve number 
values, antecedent moisture conditions (AMC) 
and the area of the basins. 
 
Keywords: Macro Rainwater Harvesting;  
Sulaymaniyah; Kurdistan Region; Iraq 

1. INTRODUCTION 

Iraq is a part of the arid and semi-arid area of the Mid- 
dle East and North Africa (MENA) region. The climate 
of the region is characterized by its fluctuation in rainfall 
and periods of droughts [1]. Recently, Iraq is experienc- 
ing water shortages despite the presence of the Tigris and 
Euphrates Rivers [1-3]. 

During the past few years, north Iraq (especially Kur- 
distan Region) experienced a period of draught. As a re- 
sult, many of the inhabitants left their villages and migra- 
ted to big cities [4]. 

Water scarcity issue is becoming more serious due to 
several factors. Among them is the increasing water de- 
mand, high population rate, effect of global warming, 
plusmiss management and planning of the water resourc- 
es during the last four decades. In addition, water polici- 
es of neighboring countries enforced another burden 
where huge dams were built on the upper parts of the 
Tigris and Euphrates Rivers in Syria and Turkey. And 
this led to the reduction of the flow rate of both rivers in- 
side of Iraq [1-3]. 

Recent research indicates that Iraq will face more chal- 
lenges in future, where the water shortage problem is be- 
coming more serious with time [1,2,5,6], and Tigris and 
Euphrates Rivers are expected to be dry in 2040 [5]. The 
expected discharge in the year 2025 of the two rivers will 
be tremendously decreased [4] (Figure 1). 

In view of the above, new judicious techniques, me- 
thods and strategies for water conservation should be 
adopted in the management and planning of water re- 
sources [7]. United Nations [5] stated that “Iraq’s water 
resource management will play a prominent role in con- 
tributing to the country’s efforts to eradicate poverty and 
hunger, reduce child mortality and ensure environmental 
sustainability”. Prinz and Singh [7] indicated that water 
development and management should be based on a par- 
ticipatory approach, involving users, planners and pol- 
icy-makers at all levels. Due to limited water availability 
in the region, the agricultural strategy that should be 
adopted is represented by maximizing the yield per unit  
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Figure 1. Average discharge of Tigris and Euphrates in the year 
2000 and the expected discharge in the year 2025, (source 
UNDP, 2011, [4]). 
 
of water used and not the yield per unit of land [8] as 
well as the use of non-conventional water resources [2, 
3]. 

1.1. Validity of Rain Water Harvesting 

Practically, rainwater harvesting (RWH) might be one 
of the good solutions for the problem. This technique 
was used since 9000 years ago and some of the old 
schemes are still operating [9-12]. This technique is gain- 
ing popularity recently [13]. Siegert [14] defined RWH 
as “the collection of runoff for its productive use”. Prinz 
[9] indicated that the annual rainfall (100 - 700 mm) of 
low cost water harvesting might give an important new 
water source. The main objective of RWH is to increase 
the availability of water but not its amount. Furthermore, 
water harvesting is based on runoff (the excess rainwater) 
producing and runoff receiving areas (natural catchment 
areas) [9]. The factors such as amount of rainfall and its 
distribution, land topography, soil type and soil depth, 
and local socio-economic may represented the main fac- 
tors that affect the water harvesting [15,16]. 

There are good literature reviews of RWH, especially 
micro rainwater harvesting. Boers [17] reviewed some 
170 articles published between 1970 and 1980 concern- 
ing Micro catchment water harvesting of small-scale ca- 
tchments (area less than 1000 m2) and its potential appli- 
cation for crop production. Another type of harvesting 
rainwater is Macro RWH which is more effective to aug- 
ment water from large catchment area (many square kilo- 
meters with slope ranged between 5% - 50%) [9]. In this 
technique, dams are constructed and water from harvest- 
ed runoff (the excess rainwater) is stored in surface res- 
ervoir in order to be supplied later when required [18-22]. 
The potential of RWH is widely cited [23]. The subse- 
quent studies indifferent parts of the world had explained 
that RWH systems had proven to be an effective techni- 
que achieving a new water source that can be used for se- 
veral purposes, led to an increase in crop production [24- 

26], and reduced the risk of drought [27-29]. The rain- 
water harvesting has the ability to ensure availability of 
water for the region [30] as well. The effective manage- 
ment of RWH becomes more interesting phase of water 
resource management strategies in most countries that 
are suffering from the problem of water scarcity [31]. 

Soil Conservation Service Curve Number (SCS-CN) is 
one of the important approaches that help to study the 
rainfall-runoff relationship of watershed. The main pur- 
pose for this method is to determine direct runoff from 
individual daily rainfall storm and it is widely used by 
many researchers [32]. Saber et al. [33] were among the 
researchers who have studied the runoff of watershed 
within Arabic countries using physical distributed hydro- 
logical model and applied it in the selected Wadis based 
on the SCS-CN method. Their purpose was investigating 
the differences of runoff amounts in space and time through 
comparative studies of some important selected basins 
(Wadi Al-Khoud in Oman having an area of 1874.84 
km2, wadiGhat in Saudi Arabia having an area of 649.55 
km2, and WadiAssiut in Egypt having an area of 7109 
km2). They concluded that the applied model is applica- 
ble to estimate the surface runoff in arid region. Al-Zubi 
et al. [34] carried out their research in a semi-arid area of 
WadiMuheriwir which is located in the Eastern part of 
Jordan. They estimated the runoff by applying the SCS- 
CN method using available rainfall data for the period 
1976-2006. They concluded that the curve number for 
WadiMuheriwir is about 80, the average runoff is about 
0.063 million cubic meters, and the rainwater harvesting 
technique is suitable for agricultural activities in Wadi- 
Muheriwir. 

1.2. Application of RWH in Iraq 

Other studies that conducted inside Iraq, such as Ši- 
mák [35] adopted SCS-CN method to estimate the basin 
runoff in order to estimate design flood wave character- 
istics for the basin of AshiBaram (Qutabian) dam. The 
dam site is under planning, located between Chwarta and 
Baneh towns, in Iraq on the border with Iran. The project 
aims to develop eastern part of Sulaymaniyah Governo- 
rate by creating a reservoir for irrigation purpose. The 
drainage area is estimated to be 1340.7 km2. The whole 
area is a part of massive mountain range Zargos which 
extends all over the north eastern part of Iraq. Thus, Ši- 
mák [35] adjusted the curve number values for the slope 
using Williams’ formula [36] (for more details see [37, 
38]). Mohammed [39] investigated water harvesting in 
Erbil Governorate, Kurdistan region of Iraq using geo- 
graphic information system and remote sensing in order 
to detect the suitable sites for RWH. He concluded that 
SCS-CN method was applied using mean annual rainfall 
of the period (2000-2011) in Erbil area to estimate the 
runoff depth. The results showed that there was a signi- 
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ficant amount of annual runoff which could be harvested. 
The minimum and maximum runoff depth was about 103 
and 1000 mm at north and south Erbil area respectively. 

Zakaria et al. [18,19] studied Macro RWH technique 
based on SCS-CN method, in North West Iraq. Two stu- 
dies were carried out at north and east Sinjar Mountain 
respectively for the period 1990-2009. The areas are cha- 
racterizes by semi-arid climate. The results indicated that 
there was a significant amount of yearly runoff (0.6 - 
42.4) (106 m3) for the study period at north Sinjar. Imple- 
mentation of Macro RWH in the Northern and Eastern 
Sinjar District gave encouraging results leading to an in- 
crease of irrigated area. 

Zakaria et al. [21] investigated the potential of RWH 
and its ability to support the wheat yield (bread and du- 
rum) under various rainfall conditions in the rain-fed of 
same Northern Sinjar District (Iraq) for the study period 
1990-2009 using three supplemental irrigation (SI) sce- 
narios (100%, 75%, and 50% of full irrigation require- 
ment). They concluded that using rainwater harvesting 
technique gave total volume of harvested runoff that can 
be considered for irrigation practices, which reached up 
to 42.4, 25.1, 0.60, 10.9 (106 m3) during 1995-1996, 
1996-1997, 1998-1999, and 2001-2002, respectively.  

Zakaria et al. [30] and Al-Ansari et al. [40] investigat- 
ed rainwater harvesting at north east of Iraq, in Koysin- 
jaq (Koya), Erbil Governorate. The study aimed to disco- 
ver the potential of the area for rainwater harvesting. The 
results showed that the application of Macro RWH would 
provide a new source for water. The annual volume of 
water that can be harvested from all selected basins rang- 
ed from 14.83 to 80.77 (×106 m3) for the study period 
(2002-2011).  

Zakaria et al. [31] identified twenty two basins around 
Koya, Erbil Governorateat north east of Iraq, as the ca- 
tchment area for the application of RWH technique in 
order to evaluate the total runoff from whole Koya area 
that may be harvested instead of being lost to the near 
area. Two consecutive adjustments for the curve number 
were considered. The first was for the antecedent mois- 
ture condition (AMC) and the second was for the slope. 
These adjustments increased the total resultant harvested 
runoff up to 79.402 × 106 m3. 

In view of the good results of RWH, it was considered 
in this research to provide a new source of water for Su- 
laymaniyah city.  

2. METHODOLOGY 

Watershed modeling system (WMS) was used to find 
out the quantity of rainfall that can be harvested in Su-
laymaniyah area. To apply the model, then the sites of 
the dams that will capture the runoff in different catch-
ments were identified. This was achieved using the Digi-
tal Elevation Model (DEM) of the study area with Global 

Mapper model. In the site selection process, minimum 
dam’s cross section were considered to minimize the 
constructions cost. The next step was finding the curve 
numbers (CN) values for normal, dry and wet conditions 
based on the information obtained from land use map, 
soil type and the selected basins. WMS with Sulaymani-
yah’s DEM was applied using CN values, and daily rain- 
fall data, for all individual selected basins. The runoff vo- 
lumes were estimated based on SCS-CN method. The 
time of concentration for selected basins was estimated, 
considering single rainfall storm on the study area. Then 
the suitable storm type (I, 24-hour Storm) was used. The 
hydrograph time increment of 0.1 was set with WMS, 
and the volumes of runoff for the selected basins were 
calculated. 

Furthermore, the main formula for SCS-CN method as 
described by the Soil Conservation Service, 1972 for the 
relationships between precipitation and runoff is express- 
ed as:  
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where: 
Q = the direct runoff or rainfall excess (mm). 
P = the storm rainfall (mm). 
S = the maximum potential soil water retention (mm).  
CN = the curve number (dimensionless). 

With SCS-CN method, the soil was classified into four 
hydrological soil groups A, B, C and D considering the 
basin wetness index i.e. the antecedent moisture condi- 
tion (AMC) which had been classified into three classes 
AMC I, AMC II and AMC III, representing dry, normal 
(average) and wet conditions. In order to specify each 
class, the antecedent rainfall amount of five-day and sea- 
son category (dormant) were considered. 

For the Soil Conservation Service, 1972 (SCS-CN) 
method, the tabulated curve number is equal to CNII, for 
normal (average) conditions, and modified for dry and 
wet conditions, as explained by Chow et al. [41] through 
the following equations: 
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In which: 
CNI = Curve number for dry condition.  
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In which: 
CNIII = Curve number for wet condition. 
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Williams [36] developed an equation to adjust the 
curve number to a different slope [37,38]: 
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the soil of the study area is of three main types (37, 38, 
and 39) as shown in Figure 3. Simak [35] indicated that 
the last two soil types can be identified as C, and D of 
the Hydrologic Soil Group according to the United States 
Department of Agriculture Natural Resources Conserva- 
tion Service (Conservation Engineering Division 1986). 
Buringh [42] classified the soil types 37 as great Soil 
group of Chestnut soils and the soil type is silty clay, 
having a dark brown color, friable surface soil, usually 
with 1% - 4% of organic matter and less than 9% lime. 
The properties of the selected basins at Sulaymaniyah 
Governorate were estimated (Table 1).  

where: 
[CNII]SLP = the curve number for average condition ad-
justed for the slope. 
SLP = the average fraction slope of the basin. 

More details about the methodology used for this re-
search are well documented by [18,19,22,31]. 

2.2. Sulaymaniyah Climate 

2.1. Study Area Average monthly climatic elements for the study pe- 
riod (2002-2012) for Sulaymaniyah city are tabulated in 
Table 2 as obtained from Sulaymaniyah meteorological 
station. 

Sulaymaniyah is the biggest Governorate of Kurdistan 
Region of Iraq, located north east of Iraq on a border 
with Iran of geographic coordinate Latitude and Longi-
tude 35˚33′40″ N and 45˚26′14″ E respectively. It con-
tains ten districts. The elevation of Sulaymaniyah center 
is about 830 m above sea level. Four Iraqi Governorates 
border Sulaymaniyah from the north, west, and south 
which are Erbil, At-Ta’mim, Slahad-Din and Diyala (Fi- 
gure 2).  

The geographic location of Sulaymaniyah Governorate 
imposed a dry and warm summer for the period June, 
July, and August, with temperature of 31.5 (˚C) as an 
average summer temperatures for the studied period. The 
city is usually windy during winter and there are spills of 
snow falling sometimes. This season extends from De- 
cember till February. However, the temperature in the 
winter season is about 7.6 (˚C). The average relative hu- 
midity for summer and winter are 25.5% and 65.6% re- 
spectively, while the evaporation reached 329.5 (mm) in 
summer and 53 (mm) in winter where the average wind 
speed in winter 1.2 (m/sec) and little bit more in summer 
(1.8 m/sec). Sunshine duration reaches 5.1 and 10.6 (hr) 
in winter and summer respectively. Rainfall season starts  

Sulaymaniyah Governorate is witnessing a state of 
rapid growth and development where it represents the 
cultural capital of Kurdistan Region of Iraq. The popula- 
tion of Sulaymaniyah is about 723,170 people.  

The study area consist of five separated basins with 
total area of 176.79 (km2), located about 7 (km) North 
West of Sulaymaniyah city. According to Buringh [42]  
 

 

Figure 2. Map of Iraq with enlarge view of the ten districts of Sulaymaniyah governorate. 
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Figure 3. Soil map of Sulaymaniyah governorate with boundaries of study area, source: [42]. 
 
Table 1. Properties of the selected basins at Sulaymaniyah governorate. 

UTM Coordinate 
Basin 

Basin Slop  
(m/m) 

Basin Area  
(Km2) 

Time of Concentration 
(hr) 

Length 
(km) 

Elevation  
(m) E N 

1 0.2837 98.08 2.14 18.137 1179 534704 3944815 

2 0.251 13.87 1.02 7.988 1211 528567 3942854 

3 0.1848 7.35 0.61 4.858 1098 530133 3942576 

4 0.2202 25.83 1.3 12.131 1182 525903 3940711 

5 0.0688 31.66 1.54 8.587 855 522711 3939177 

 
Table 2. Average monthly values of the climatic elementsat Sulaymaniyah station for the study period 2002-2012.  

Month Temperature (˚C) Humidity (%) Evaporation (mm) Wind (m/sec) Sunshine (hr) Rainfall (mm) 

Oct. 22.3 43.8 141.6 1.10 7.1 38.22 

Nov. 14 57.2 72.6 0.90 6.3 63.50 

Dec. 8.4 61.2 51.4 1.10 5.3 81.80 

Jan. 6.5 70.3 53.4 1.20 5.2 124.40 

Feb. 7.8 65.4 54.1 1.20 4.8 125.10 

Mar. 12.8 54.9 97.1 1.60 5.7 88.10 

Apr. 17.3 55.1 132.8 1.30 6.4 95.19 

May 24.0 41.6 226.4 1.50 8.3 37.89 

June 29.6 26.4 312.4 2.00 10.2 0.57 

July 31.8 25.2 352.6 1.80 10.6 0.00 

Au.g 33.2 24.9 323.9 1.50 10.9 0.02 

Sep. 28 28.4 234.7 1.30 9.9 1.26 

 
in October at Sulaymaniyah with light rainfall storms 
and it intensifies during November and continues till 
May. During the studied rainfall records the driest season 
was recorded in 2008-2009 of 328 mm and the maximum 

rainfall depth was in 2003-2004 of 848 mm. The season 
2010-2011 represent the average rainy season of 548.8 
mm. Figure 4 shows annual rainfall depths for the study 
period. 

Copyright © 2013 SciRes.                                                                    OPEN ACCESS 



S. Zakaria et al. / Natural Science 5 (2013) 1272-1283 1277

 

0

200

400

600

800

1000

R
ai

nf
al

l D
ep

th
 (m

m
)

Time (Season)

Rainfall depth (mm)

 

Figure 4. Annual rainfall depths of Sulaymaniyah area for the period (2002-2012). 
 
2.3. Land Use/Land Cover 

The Land use/land cover (LULC) map of Sulaymani- 
yah Governorate (Figure 5) was derived from satellite 
imagery, Landsat 8 that has 11 bands with a 30 m spatial 
resolution. Three Landsat images; acquired in 08 June 
2013, were used to cover the study area. These images 
were geometrically and atmospherically corrected. Then, 
these images were mosaicked and the study area (Sulay- 
maniyah) masked up from the mosaicked image. Thema- 
tic mapping of different LULC classes was achieved 
through supervised classification using a maximum like- 
lihood approach. For more procedure details of creating 
the LULC map see previous work [30]. 

2.4. Curve Number 

The weighted average CN values for five selected ba- 
sins were estimated depending on area of specific land 
use land cover as a percent of total basin area and cali- 
brated based on AMC for dry, normal (average), and wet 
conditions depending on the total antecedent rainfall 
depth of five days as formulated by SCS-CN method. 
Then CN values were adjusted for slope using Williams’ 
formula [36] for each basin (Table 3). 

3. RESULTS AND DISCUSSION 

In order to simulate the average runoff events in the 
catchment area of five basins with total area of 176.79 
Km2 the season 2010-2011 was selected with total rain- 
fall depth 548.8 mm which represent the average rainy 
seasons during the study period 2002-2012. Rainfall 
depths of the season were ranging from 0.1 to 50.9 mm. 
The total rainy days were 66 (Figure 6). These rainy 
days extended along 212 days (length of season 2010- 
2011). During the first forty days, the total rainfall depth 
was 1 mm that accorded during the 2nd day of the season. 

After that, during the 2nd forty days rain began with fluc- 
tuating intensities where the rainfall depth ranged be- 
tween 0.2 - 29 mm. It should be noted that, at the best, it 
didn’t rain continuously more than three days. After 80 
days, it was continuously raining for five consecutive 
days, but with low intensity, where the total rainfall 
depth during these five days was just 12.3 mm. Then 
after 120 days of the rainy season, rainfall started con- 
tinuously for four days. Total rainfall depth reached 48.6 
mm. One hundred and sixty days later, rainfall reached 
111.1 mm in four continuously days and come back after 
five days to continue for another five continuous days 
with total depth of 63.8 mm. In the remaining period, till 
the end of the season, the rainfall subsided with total 
rainfall depth of 0.2 mm. 

To apply the Soil Conservation Service-Curve Number 
(SCS-CN) method, it should be noted that antecedent 
moisture conditions (AMC) is considered dry if total five 
days antecedent rainfall depths is less than 0.5 inch (12.7 
mm), and the condition is normal if total five days ante-
cedent rainfall depths ranged between 0.5 to 1.1 inch 
(12.7 to 27.94 mm). The condition will be considered wet 
if the total five days antecedent rainfall depths is more 
than 1.1 inch (27.94 mm) [41]. 

In this research, sixteen rain storms were considered in 
the season 2010-2011 that may produce runoff. They 
were classified according to the AMC as follow: five of 
them to place where the basins were under dry condition, 
another four occurred where normal conditions dominat- 
ed the basins, the other seven occurred when the basins 
were under wet condition.  

The distribution of the rainfall events were as follow: 
On 12th Dec, 2010 (which is the 42nd day of start of the 
season), a rain storm reached 21 mm; during the same 
day, the value of summation rainfall depths for the last 
five days or antecedent moisture conditions (AMC) was  
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Figure 5. Land use/land cover map of Sulaymaniyah governorate (on left), with enlarge view of study area. 
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Figure 6. Daily rainfall of the season 2010-2011 with antecedent moisture conditions (AMC). 
 
Table 3. Curve number (CN) values before and after adjustment for slope for the selected basins. 

Values of CN Adjustment CN values for slope 
Basin CN-Normal 

(CNII) 
CN-Dry 

(CNI) 
CN-Wet 
(CNIII) 

CN-Normal 
(CNII) 

CN-Dry 
(CNI) 

CN-Wet 
(CNIII) 

1 76.3 75.5 88.1 80.1 62.8 90.2 

2 80.1 62.8 90.3 83.3 67.7 92.0 

3 79.1 61.4 89.7 82.1 65.8 91.3 

4 80.4 63.3 90.4 83.4 67.9 92.0 

5 76 57.1 87.9 76.9 58.3 88.5  
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11.2 mm which implies that the curve number (CN) was 
under dry conditions. For such conditions, this rain storm 
did not produce any runoff. The 2nd rainstorm, occurred 
on the 43rd day, with depth of 9.8 mm, but the basins 
were under wet condition, where AMC was 32.2 mm and 
the storm was capable of producing runoff. Other rainfall 
events occurred on 76th, 90th, 91st, and 92nd days of the 
beginning of the season. The rain depths were 29.3, 38.6, 
18.7 and 11.3 mm and their AMC were 8.7, 11.9, 50.5 
and 66 mm respectively. 

This implies that the CN was considered as dry and 
normal for the first two rain storms respectively and wet 
for the last two events. Taking the depth of rain into con-
sideration, the first rain storm produced runoff for all the 
basins except basin No. 5 (this will be explained later). 
On the 113th and127th days of starting season, two rain 
storms took place having rain depths of 20.2, and 14.2 
mm, where dry conditions dominated the basins and 
AMC reached 4.8, and 3.9 mm respectively. These two 
rain storms didn’t produce any runoff. On 128th and 159th 
days of starting season, two rain storms occurred with 
rain depth of 25.6 and 14.7 mm with normal AMC (14.2, 
and 16.1) mm, their runoff reached the outlet of the ba-
sins where the harvest reservoir are located. On 171st 
days of starting season, another rain storm occurred with 
rain depth of 50.9 mm and produced runoff under dry 
conditions, where its AMC was 0.0 mm. Other three rain 
storms that produced runoff occurred on the following 
days 172nd, 173rd, and 177th of starting season that they 
reached 17.4, 39.2, and 22.8 mm of rain depth. All of 
them under wet conditions where AMC were 50.9, 68.3, 
and 60.2 mm. On 181st, and 182nd day of starting season, 
the final two rain storms occurred on 30th April, and 1st 
May, 2011 with rainfall depths of 39.2 and 16.6 mm re-
spectively. Their AMC were 24.7 and 63.9 mm under 
normal and wet condition respectively. 

The rainy season 2010-2011 is a typical season for the 
application of macro rainwater harvesting technique. In 
spite the fact that, the total rainfall depth reached 548 
mm, the rainfall distribution extremely reflects the char-
acteristics of the semi-arid region of small rainfall depths 
that was spread through the season with frequent period 
of fluctuation, and interruption some of the storms oc-
curred in a very close period over four to five consecu-
tively days which reduced and limited the ability of agri- 
cultural crop fields to benefit from the rainwater. The dis- 
tribution of rainfall throughout the season of 2010-2011, 
showed that only few rain storms had produced runoff, 
the quantities of runoff water will be lost and can’t be us- 
ed unless there is a reservoir to harvest the water of the 
storms. In such a case, the water can be used later. Thus 
Rainwater harvesting technique can be used in this area 
to overcome these difficulties. WMS was applied for each 
single rainfall storm for the five selected basins to find 

out the volume of water produced by the runoff that can 
be collected and stored in reservoirs. These reservoirs 
were previously carefully chosen. 

The results showed that there were thirteen successful 
runoff events that had produced by thirteen rain storms 
along the season 2010-2011 in addition other three rain 
storms didn’t produced runoff (Figures 7 and 8). Thus, 
among these thirteen runoff events, the minimum total 
harvested runoff volume from the total catchment areas 
of the five basins was 0.01 × 106 m3. This was produced 
by rain storm of 29.3 mm which took place on 15th Janu-
ary, 2011 with 76th day of starting the season (Figure 9). 
The above harvested runoff volume were distributed as 
follows: 123.3, 4193.8, 863.4, 8511.0 and 0.0 (m3) that 
were captured from catchment areas of basin No.1 to No. 
5 and stored in the reservoir No. 1 to No. 5 respectively. 

All five basins have identical characteristics, and in 
such a case, the most influential factors that affect the 
harvested runoff volume were the size of the catchment 
area, its slope, antecedent moisture conditions, and the 
curve number value. These factors work together to pro-
duce a certain runoff. However, combination of some 
conditions within the basin such as its area is large and 
the slope is low, then for small rainfall depth and low an- 
tecedent moisture conditions there will be no runoff. This 
was exactly the case at basin No. 5 under the above rain 
storm, where the runoff was zero due to the large area 
(31.66 Km2), relative to other basins, and low slope 
(6.8%) (Table 1) in addition to the low AMC (8.7 mm) 
(Figure 6) where the rainfall was completely stopped 
through three previous days. In such a case, infiltration is 
enhanced in addition to the effect of low value of CN add 
to the above factors then the result, certainly will be zero 
runoff where the runoff is very sensitive for CN value 
which reflect the hydrologic condition of the catchment 
area. 

It should be noted that basin No. 5 has the smallest 
value of curve number (Table 3), due to having maxi- 
mum area of crop, and minimum area of rock relative to 
the other basins in addition to some area of forest all that 
lead to a minimum curve number (76.9 and 88.5 for nor- 
mal and wet conditions respectively).  

The results indicated that rainfall depth is not the only 
influential factors in RWH. As an example, the two rain 
storms, the first on 20th April, 2011 (171st day of starting 
the season was) had rainfall depth of 50.9 mm and pro- 
duced 0.50 × 106 m3 of runoff (Figure 9), the second 
storm on 22nd April, 2011 (173rd day of starting the sea- 
son) had rainfall depth of 39.8 mm and produced 3.53 × 
106 m3 of runoff (Figure 9). The higher rain depth storm 
(50.9 mm) didn’t produce larger runoff volume relative 
to the smaller rain depth storm (39.8 mm). This is beliv- 
ed to be due to the fact that the value of antecedent mois- 
ture conditions were equal to zero with the higher rain 
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Figure 7. Daily runoff of the season 2010-2011 for basins 1B and 2B. 
 
depth storm and this made the curve number to be in dry 
condition value which produce less volume amount of 
runoff, while the AMC was equal 68.3 mm with the 
smaller rain depth storm and this made the curve number 
to be in wet condition value which produce more volume 
of runoff. 

The weak rainfall storms are very important for esti-
mating the CN values, even if they didn’t produce runoff. 
That is because they will keep antecedent moisture con-
ditions in high value and prevent CN to fall to dry values. 
In the previous example, it was dry for seven continuous 
days where the antecedent moisture condition was zero 
before the start of the rain storm having the rain depth of 
(50.9 mm). 

As mentioned above, the maximum total harvested 
runoff volume by the total catchment areas of the five 
basins was 3.53 × 106 m3 (Figure 9). This was produced 
by the rain storm of 39.8 mm depth of rain. The harvest- 
ed runoff volume was captured by basins No. 1 to No. 5 
as follow: 1928796.0, 312317.6, 157145.6, 580969.9 and 
546925.8 (m3) respectively.  

Again, the results indicated that, the influential factors 
(area, slope, CN, and the AMC) can work together in a 

different direction to produce maximum runoff volume 
(1928796.0 m3) that was satisfied in basin No. 1 by the 
above rain storm (Figure 7). This can be explained the 
existence of high value of antecedent moisture conditions 
(68.3 mm) that led to wet the ground surface of the basin 
which reduced the ability of infiltration. Furthermore, 
when the catchment area has a relatively high slope 
(28.37%) then that will lead to decrease the opportunity 
time of infiltration, and produces more water for runoff. 
In addition to the above, the high wet curve number va- 
lue of 90.2 also played an important role in the increase 
of the runoff volume in that basin. 

The total harvested water in the selected basins (1 to 5) 
was 5.73, 1.07, 0.51, 2.0 and 1.41 million cubic meters 
respectively. Figures 7 and 8 show the distribution of the 
above runoff according to the rainfall events. The total 
annual harvested runoff by all the catchment area of the 
five basins ranged from 0.01 to 3.53 million cubic meters. 
Thus the total annual harvested runoff reached about 
10.76 million cubic meters (Figure 9). The results show- 
ed that there was an effective quantity of annual runoff 
that can be stored in the suggested reservoirs sites which 
an be used for different purposes. Thus the imple-  c  
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Figure 8. Daily runoff of the season 2010-2011 for basins 3B, 4B and 5B. 
 
mentation of Macro RWH in the Northern Iraq, Sulay- 
maniyah Governorate gave encouraging results that can 
effectively contribute in solving the problem of water 
shortage. 

4. CONCLUSIONS 
Kurdistan Region (KR) of Iraq including Sulaymani-

yah governorate had suffered from the drought period 
during the seasons 2007-2008 and 2008-2009 that affect- 
ed the human and economic activities of the region. 

Rainwater harvesting technique was tested to see its abil- 
ity to help in overcoming such problem. Rainfall records 
representing the period 2002-2012 were studied and an 
average season (2010-2011) was selected to test the effi- 
ciency of RWH Technique. 

The results showed that the harvested runoff volume 
ranged from 0.01 × 106 to 3.53 × 106 m3 in that year. 
Thus the total annual harvested runoff reached about 
10.76 × 106 m3. These quantities can contribute in solv- 
ing the problem of water shortage within the region. 
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Figure 9. Total annual runoff of the season 2010-2011 for all five basins. 
 

It was also noticed that the depth of rainfall alone was 
not an effective factor. There are other factors that influ- 
ence the quantity of the harvested water such as: the size 
of the catchment area, its slope, antecedent moisture con- 
ditions (AMC), and the curve number value (CN). 
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