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ABSTRACT
This study aimed to analyze the rainfall time series data for 9 stations in the north of Iraq, namely
(Sulaymaniyah, Darbandikhan, Dokan, Duhok, Erbil, Kirkuk, Mosul, Sinjar, Tal-Afar) from 1979 until 2014 using the
Multiplicative model of time series, this is for the purpose of identifying the reality of the time series variables (general
trend, seasonal, periodic, random) which affected by the rains, and the prediction of monthly rainfall data for the
selected stations. The rainfall characteristics of the northern region of Iraq were also studied in terms of daily, monthly
and annual distribution of rainfall rates and a relationship between intensity-Duration-Frequency (IDF) at different
return periods (2, 5, 10, 15, 25, 50, 100) years has been found to identify the reality of rainstorms and provide solutions
to a number of design problems related to management and treatment of water for Basins in general and ungauged
Basins in particular such as surface runoff discharge and erosion control.
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to predict what will occur in the future. The time
1. INTRODUCTION
series can be defined as a set of observations
The
importance
of
metrological
arranged according to their occurrence in time
information about rainfall data is represented in
such as years, seasons, months, days or any unit
transformation of these rainfall data into a surface
of time. Rainfall is a principal element of the
and subsurface flow that feeds the surface water
hydrological cycle, therefore studying the
and groundwater, Whereas the design and
rainfall time series yields important information
operation of water resources projects depends
for understanding the climate. Time Series
mainly on prediction of incoming water which is
Analysis is an important tool for obtaining
affected by rainfall. With expanding the interest
information about the components of the
in water resources, there was a need for
analyzed data, Several studies on the analysis of
hydrological and hydrogeological information.
rainfall time series have been carried out, For
Information is now considered as the basis of any
example, [1] identified the periodic component
scientific research that attempts to develop ideal
and trend of monthly rainfall time series for
solutions to water problems in any part of the
Jorhat region in Northeast India. [2] considered
world. Thus, information is the main element of
seasonal and periodic time series models for
right decision making at the executive and
statistical analysis of rainfall data of Punjab,
administrative levels.
India.
Each of the economic and administrative
The rainfall intensity–duration– frequency
planning depends on the study and analysis of
(IDF)
relationship diagram plays an important
time series because studying many phenomena
role
in
water resources engineering and
for a number of years or months helps to know
management.
The IDF relationship diagrams are
the nature of the changes that have occurred and
widely used in the assessing rainfall events,
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classifying climatic regimes, assistance in the
design of urban drainage systems and the
derivation of design storms, etc. [3]. Ombadi et al,
applied a new methodology to develop IDF curves
in ungauged regions [4]. De Paola et al, presented
a study to evaluate the IDF curves and analysis of
the rainfall pattern for three cities: Addis Ababa
(Ethiopia), Dar Al Salaam(Tanzania) and Douala
(Cameroon) [5]. Hamaamin was generated the
IDF curves from daily rainfall data to predict
rainfall intensity for Sulaimani City, The results
showed a good match between the rainfall
intensity using the empirical formula compared to
the IDF curves [6]. IDF curves were build by
Jalut for the Kirkuk station utilizing new
disaggregation method to estimate rainfall
intensity for various return periods [7]. Hussain
proposed a modified relations to estimate design
rainfall intensity for Baiji station by using (IDF)
curves they found that the rainfall intensity
increases with the increasing of return period. [8].
The lack of adequate metrological
information about the characteristics and pattern
of the rainfall time series in northern Iraq and the
impact of its four components which needed by
Hydrologists in the estimation of surface runoff
and sediment yield and in hydraulic designs,
therefore; it is
necessary
to
study
the
characteristics of rainfall time series and find the
relationship diagram between Intensity-DurationFrequency at different return periods. This study
aims to analyze the rainfall situation for 9 stations
in northern Iraq by: Analysis of the general trend
of the monthly rainfall data; Determine the
variables of the time series (seasonal, periodic and
random) affected by the monthly rainfall;
Prediction of the monthly rainfall time series
using the multi-series fracture method; and study
the characteristics of rainfall in terms of daily,

monthly and annual distribution of rainfall and
find relationship diagram of Intensity-DurationFrequency (IDF) at different return periods of (2,
5, 10, 15, 25, 50 and 100) years to provide
solutions for hydrologists to a number of design
problems that are related to the management and
treatment of water resources for basins in general
and ungagged basins in particular such as surface
runoff discharge and erosion control.
The importance of the study follows the
importance of the subject to be treated. Rainfall is
considered an important water resource for
hydrologists and mediator between them and
designers. Quantitative analysis of the monthly
rainfall time series data contributes to the
diagnosis of the reasons that help hydrologists
analyze the current and future rainfall situation,
which is useful in making appropriate decisions
in hydrological estimations, hydraulic designs.
2. STUDY AREA
The study area is located in the northern
part of Iraq and is bounded between (41o – 46o)
E longitudes and (35o – 38o) N latitudes. The
region includes five governorates and nine
selected stations which are (Sulaymaniyah,
Darbandikhan and Dokan in Sulaymaniyah
governorate, Kirkuk in Kirkuk governorate,
Erbil in Erbil governorate, Duhok in Duhok
governorate, Mosul, Tal-Afar and Sinjar in
Nineveh governorate). The total selected study
area is about 79947 km2. The area is
surrounded by a mountain range from the
north and east and the lowlands from the west
and the south inside Iraq. Mean annual
precipitation ranges between 350 and 1000
mm. The study area is the largest part of the
catchment area of Upper Zab River, Lower
Zab River, Adhaim River and Diyala River.

Fig. 1 Location of the study area in northern Iraq
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general
trend
T
variable
of
equation
1
was
3. TIME SERIES ANALYSIS
analyzed
and
the
effect
of
seasonal
S,
periodic
Time series analysis is an interesting
C and random I changes was excluded. Least
method, which has evolved extremely and can
Squared Method was used to determine the
be used for predicting the future. The process
trend of time series using SPSS software. The
of analyzing the time series means breaking
test results were as follows:
the data to identify its four components and
1. The values of R2 for the trend values of
then directing it forward. The process of
the all selected stations are smaller than
identifying the four components of the time
(0.009), which means that the general trend
series is called data decomposition. These four
contributes by less than (0.9%) of the
components include [9,10]:
phenomenon value, a contribution is very
Trend T: the data movement up or down by
weak.
time. Seasonality S: the same seasonal pattern
2. The (F) ratio ranged between (0.013 repeats itself every year over time. Cycles C:
5.34) for all stations with a significance level
Long-range vibrations around the trend line
(P > 0.05), this indicates that the mean of
that may follow or not follow the same line
monthly rainfall time series gives a better
after each equal time period. Irregular
prediction than the linear regression model
Component I: data spikes caused by chance
of the general trend.
and unusual situations.
3. The values of general trend line slope
There are two general types of time
ranged from (-0.001) to (-0.039) for the all
series models: Multiplicative Model as in
stations, with a significance level (P > 0.05),
equation 1 and the Additive Model as in
this indicates that the general trend does not
equation 2 [10, 11, 12]:
reflect a real impact on the value of the
phenomenon.
Yt = T * S * C * I
------- (1)
Based on the above results, the first
Yt = T + S + C + I
------- (2)
hypothesis is rejected; meaning that rainfall
in northern Iraq is not affected by the
Yt = Time series value at period t. The
general trend of the time series.
Multiplicative model is the most commonly
Second hypothesis (Rainfall time series are
used form. Sharma and Bhatia [11] analyzed
affected by seasonal variations), these
the time series of Indian banking transactions
variables are determined by seasonal index
and predicted them using two models: multiple
which calculated as follows:
time series cracking model and ARIMA
A) The Centered Moving Average is
model.
Multiple
time
series
model
calculated to obtain accurate calculations of
outperforms the ARIMA model. The
seasonal index for a 12 months.
Multiplicative Model was adopted in this
B) The seasonal ratio for each month is
study because the mean and standard deviation
calculated by dividing the historical series
of the series were unstable in the unit of time,
data for that month by the central moving
in case of stability, the Additive model is taken
average from step A.
into account [10]. The stability of rainfall time
C) The seasonal index is calculated for each
series data were tested using Augmented
month of the year as an average of all
Dickey and Fuller ADF test at significance
seasonal ratios from step B for that month
level of (0.025).
and for all years, as shown in Table 1.
In light of the aims of the study, the
D) to calculate the percentage of the
following hypotheses were formulated:
seasonal index, the seasonal index for each
Rainfall time series in northern Iraq is affected
month from step C is multiplied by (100%).
by 1- General trend. 2- seasonal changes. 3If the percentage of seasonal index for one of
periodic changes and 4- random variables. In
the months or seasons is (96%) indicates
order to test the hypotheses, time series
that this month or season leads to a decrease
analysis method was used to obtain a model
in the value of the phenomenon for that
for estimating changes in monthly rainfall data
month by (4%). If the percentage of seasonal
at the selected stations. This is done by
index for one of the months or seasons
removing the effects of the factors (General
(108%) indicates that this month or season
trend, seasonal, periodic and random) on the
leads to an increase in the value of the
time series. Data analysis and hypotheses
phenomenon for that month by (8%).
testing were carried out as follows:
First hypothesis (Rainfall time series are
affected by the general trend), to test it the
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Table 1: Seasonal Index values of the selected stations for (12) month
Months
station

1

2

3

Mosul

2.13

1.97

2.08

1.46 0.554 0.03 0.009 0.005 0.017 0.367 1.37

1.98

Tal-Afar

2.19

1.88

2.3

1.376 0.635 0.017 0.008 0.004 0.027 0.39

1.27

1.89

Sinjar

2.26

1.99

2.05

1.32 0.709 0.03 0.005 0.004 0.02

1.138 2.075

Darbandikhan 2.26

2.30

1.99

1.24 0.503 0.011 0.002 0.002 0.014 0.398 1.367 1.905

2.11

2.23

2.03

1.573 0.463 0.011 0.003 0.006 0.013 0.348 1.287 1.912

Sulaymaniyah 2.10

1.95

2.04

1.615 0.68 0.019 0.002 0.002 0.013

Duhok

2.16

1.90

2.10

1.380 0.556 0.008 0.002 0.002 0.012 0.418 1.398 1.99

Kirkuk

2.228 2.154

2.21

1.428 0.468 0.008 0.009 0.004 0.02 0.319 1.237 1.89

2.22

2.14

1.458 0.50 0.019 0.007 0.006 0.043 0.391 1.183 1.898

Dokan

Erbil

2.13

4

Table (1) shows that seasonal index values are
high and oscillate in the first months and
gradually decrease to (0%) approximately in the
6, 7, 8 and 9 months, This indicates that there is
no phenomenon (i.e. no rainfall in these four
months), and then the seasonal index returns to
oscillation and gradual increase in the (10, 11, 12)
months. These changes in seasonal index values
can be explained by the difference in the degree
of solar radiation from month to month. The
fluctuation in the seasonal index during the
months of the year refers to the effect of the
seasonal changes on the monthly rainfall series.
Accordingly, the second hypothesis is accepted.
Rainfall in northern Iraq is affected by seasonal
changes. Walsh and Lawler formula were also
applied in order to calculate the seasonal index
values, The results for the nine stations using this
formula are between (0.6-0.79), which according
to the Walsh and Lawler are classified as affected
by seasonality.
Third hypothesis (Rainfall affected by periodic
changes) is tested after excluding trend, seasonal
and random variations according to the model
used in equation 1. the original data is divided by
(S*T) so it produces (C*I) periodic and random
changes. Using a 3-month moving average,
random changes I can be excluded then only the
periodic changes C stay [13].
The results showed that the highest percentage of
the periodic variable of the nine stations in
northern Iraq (920%) and the lowest percentage
(4.7%), indicating that there is a variation in this
ratio, but the effect of this variation appears in a
short period does not exceeding 4 consecutive
years and is in average during this period (1.1 1.14) and more than this period becomes (1)
which has no effect. Therefore, third hypothesis is
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5

6

7

8

9

10

0.4

0.4

11

12

1.275 1.874

accepted for a period not exceeding 4 consecutive
years. When this period is 5 years or more, the
third hypothesis is rejected.
There is no test for the fourth hypothesis.
Therefore, it is rejected, rainfall is not affected by
random variables.
4. RESULTS AND DISCUSSIONS
4.1. Climate Classification
Koppen classification was used to
classify the Climate, Koppen identified drought
when the rainfall depth is twice the temperature
according to the following equation [14]:
r = 2*t
--------------- (3)
where r: total annual rainfall (cm) and t: mean
annual temperature (Co). If (2t > r) the station is
semi-dry and is given by symbol (BSh), and If (2t
< r) the station is semi-humid and is given by
symbol (CSa) as shown in Table 2:
Table 2: Koppen classification of the nine
stations in northern Iraq

Mosul

19

total
annual
rainfal
l (mm)
372.1

37.21

<

38

BSh

Tal-Afar

19

321

32.1

<

38

BSh

Sinjar

20

394.7

39.47

<

40

BSh

Kirkuk

22

367

36.7

<

44

BSh

Erbil

18.5

431

43.1

>

37

CSa

Station

annual
temperature
(Celsius)

(r)
value
(cm)

The (2t) value
sign (Celsius) Symbol

Duhok

17.8

570.3

57.0

>

35.6

CSa

Darbandikhan

17.5

675.5

67.5

>

35

CSa

Sulaymaniyah

17.9

700

70.0

>

35.8

CSa

17

761

76.1

>

34

CSa

Dokan
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The stations of Mosul, Tal-Afar, Sinjar and Kirkuk
northern Iraq. Value of the phenomenon in the
are considered semi-dry, the climate classification of
future (M) calculate by multiplying the trend
these stations according to koppen is (BSh) which
components (T) and the seasonal variables
means hot semi- dry climate. While the stations of
(seasonal index) (S) resulting from the analysis of
Erbil, Duhok, Darbandikhan, Sulaymaniyah and
the time series of the observed phenomenon only.
Dokan are semi-humid, the climate classification of
As shown in the following equation:
these stations according to koppen is (CSa) which
means the Mediterranean climate within continents,
M = T. S
---------- (5)
mild winter and dry and hot summer.
The thornthwaite classification was used to evaluate
As in the previous tests of the first hypothesis, the
the results of koppen classification by the following
average model of rainfall time series gives a
equation [14]:
better prediction than the general trend model,
therefore this method was modified to fit with the
10⁄9
monthly rainfall series by using the overall
𝑟
𝑆 = 1.65 (
)
---------------(4)
𝑡+12.2
average of the monthly rainfall series (A) for each
station and inserted it into equation 5 instead of
the general trend component T, as in equation 6:
Where r: total rainfall for all months of the year
(mm) and t: mean annual temperature (Co).
The value of (S) in the stations (Mosul, TalM = A. S
---------- (6)
Afar, Sinjar, Kirkuk) are all in the period (31- 16),
according to the Thornthwaite classification of this
In equation 6, the value of the phenomenon is
period the climate of these stations is semi- dry
predicted using the average monthly rainfall of all
approximately. The stations of Erbil, Duhok,
stations (Mosul, Tal-Afar, Sinjar, Kirkuk, Erbil,
Darbandikhan, Sulaymaniyah and Dokan are all in
Duhok, Darbandikhan, Sulaymaniyah and
the period (32-63), according to the Thornthwaite
Dokan), whose general average A is (31, 26.753,
classification for this period the climate of these
32.89, 30.6, 35.94, 47.5, 56.3, 58.4 and 63.4),
stations is semi-humid. This confirms the first
respectively. To find the value of the phenomenon
classification of koppen.
in any month, the value of (A) for each station is
multiplied by the value of (S) from table 1 for that
4.2. Forecasting Monthly Rainfall
month, Rain depth (mm) is produced for that
month, as shown in Table 3:
Multiplication Decomposition of Time series is
used to forecasting the monthly rainfall

in

Table 3: monthly rainfall depths (mm) predicted for the nine stations in northern Iraq
Month

DarbanTalSulaymMosul
Sinjar Kirkuk Erbil Duhok
Dokan
dikhan
Afar
aniyah

1

127.2

66.1

58.7

74.2

68.1

79.8

102.

122.8

134.1

2

129.4

61.0

50.2

65.4

65.9

76.5

90.2

114.1

141.4

3

112.0

64.4

61.2

67.4

67.7

76.7

99.7

119.3

128.7

4

69.8

45.2

36.8

43.4

43.6

52.4

65.5

94.3

99.7

5

28.3

17.1

16.9

23.3

14.32

18.0

26.4

39.7

29.3

6

0.6

0.8

0.45

1.0

0.24

0.68

0.38

1.10

0.69

7

0.1

0.27

0.21

0.16

0.27

0.25

0.09

0.11

0.19

8

0.1

0.15

0.10

0.13

0.12

0.21

0.09

0.11

0.38

9

0.78

0.52

0.7

0.65

0.58

1.54

0.57

0.75

0.82

10

22.4

11.37 10.6

13.0

9.76

14.0

19.8

23.3

22.6

11

76.9

42.4

33.9

37.4

37.8

42.5

66.4

74.4

81.5

12

107.2

61.3

50.7

68.2

57.9

68.2

94.5

109.4

121.2

4.3. Correct the forecasting results
The monthly rainfall values for the selected stations
shown in Table 3 can be corrected to fit the
change or the little fluctuation in the annual rainfall in

any year by multiplying the monthly or annual
rainfall in Table 3 by the monthly Wetness Index or
annual Wetness Index as:
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Monthly Wetness Index = Total Rain depth for a
given Month / Monthly Rainfall Rate ------(7)
Annual Wetness Index = Total Rain depth for a
Specific Year / Annual Rainfall Rate ------(8)

March

The five-years forecast of rainfall time
series for all stations from 2006 to 2010 was
carried out using the results in Table 3 with the
monthly wetness index and annual wetness
index. In the case of monthly very accurate
results were obtained compared to the observed
time series, where the values of R2 ranged
between 0.997 and 0.999. While in the annual
case the R2 values ranged between 0.71 and 0.78
for the all stations.
Thus, the use of the monthly Wetness
Index is accurate and much better than using the
annual Wetness Index to correct the forecast
results of the monthly rainfall data in Table 3.
The value of the R2 of the data in Table 3 after
correction compared to the actual data of the
monthly rainfall depths for the all stations was
between (0.992 - 0.996) indicating the
effectiveness of the modified method (equation
6) used in this research in prediction of the
monthly rainfall.
The Geographical Information Systems
(GIS) was used for drawing the digital maps
which show the contour lines for distribution of
monthly and annual rainfall rates for the study
area, as showen in Figure 2.

April

May

January

October

November

February
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0.33hr., 0.5hr., 1hr., 2hr., 3hr., 6hr., 12hr. and
24hr. Rainfall values can be obtained using
empirical formula of Indian Meteorological
Department IMD [16] which is:
P(t) = P(24) * (t / 24 )1/3
--------- (9)
December

Annual

Fig. 2 Counter lines for average monthly and
annual rainfall (mm) in northern Iraq
4.4. Relationship
between
IntensityDuration- Frequency
Rainfall data measured directly in
design uses are rarely used, but instead,
statistical data for measured rainfall, which is
often expressed in the Intensity-DurationFrequency relationship diagram is used [15], this
diagram represents the relationship between
rainfall intensity of rainstorm and the average
storm time (Duration) at a given return period.
The intensity of the storms decreases with
increase of the storm's Duration, and the storm
for any particular duration will have greater
intensity if its return period is large. In other
words, for the storm of known duration, storms
that are much higher intensity and with the same
duration are less likely to occur (less frequent)
from the storms that are less intensity. In a
number of design problems that are related to the
management and treatment of water for
catchments such as surface runoff and erosion
control, it is necessary to know the intensity of
rainfall for different durations and different
return periods.
In this research, the relationship of
Intensity-Duration-Frequency (IDF) was drawn
based on the available rainfall data for the
selected stations. The rainfall data from 1979 to
2014 consists of the daily maximum of
corresponding rainfall values of 0.166hr.,

Al-Rafidain Engineering Journal (AREJ)

Where; P(t) is the required rainfall depth in
mm at t-hr. duration, and P(24) is the daily
rainfall
in
mm.
The
maximum
precipitation at each hour above of each
station for a long time from 1979 until the
2014 was calculated for each year, and at
return periods of (2, 5, 10, 15, 25, 50, 100)
years, by using HyfranPlus program as
shown in Fig. 3. HyfranPlus program fits
several statistical distributions namely
(GEV, Gumbel, Weibull, Normal,
Lognormal, Gamma, Generalized Gamma,
Pearson Type 3and Log Pearson Type 3)
the results of all statistical distributions are
compared using the Akaike and Bayesian
information criteria to choose the most
appropriate distribution that represents the
data.
Mosul

Tal -Afar
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Sinjar

Darbandikhan

Sulaymaniyah

Kirkuk

Dokan

Erbil

Duhok

Fig. 4 IDF relationship diagram at different
return periods for the stations
4.5. Generalized IDF Formula
The IDF formulas are the empirical
equations representing a relationship among
maximum rainfall intensity (as dependent
variable) and rainfall duration and frequency
(as independent variables). There are several
commonly used functions to estimate rainfall
intensity, in this research Bernard equation
was used [17] as follow:

𝐼𝑇 =

𝑐𝑇𝑟 𝑚
𝐷𝑒

--------------- (10)

Where IT intensity in mm/hr, Tr return period
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in years, D duration in minute, and c, m, and e
Formula are as shown in Table 4.
are regional coefficients. The results of IDF

113

Table 4: IDF Formula for nine stations in northern Iraq
Station

Equation

Darbandikhan

𝐼𝑇 =

Station

Equation

203.1𝑇𝑟 0.248
𝐷 0.6674

296.6𝑇𝑟 0.1117

𝐼𝑇 =

𝐷 0.6675

kirkuk

𝐼𝑇 =

171.6𝑇𝑟 0.209
𝐷 0.6675

Station

Equation

Duhok

Erbil

𝐼𝑇 =

242.2𝑇𝑟 0.209
𝐷 0.66745

To determine the fitness of the IDF
Formulas values in Table 2 with the observed
values of the event, the chi-square test was
performed. The results of this test were identical
to all stations, where the value of all stations
between (0.011 - 1.87) which is smaller than the
tabulated value of the chi-square (16.9) at
significance level of (α = 0.05), and R2 value
was 0.98 for all stations.
4.6. Hydrological application:
The seasonal valleys in all parts of Iraq
are unknown in terms of the amount of seasonal
water resources and what is the fate of these
quantities, so the Wadi Al- Milh was chosen, it
is one of the seasonal valleys in Nineveh,
northern Iraq, its estuary coordinates is (42.97 E
and 36.48 N), as Shown in Figure 5.

Dokan

𝐼𝑇 =

Mosul

𝐼𝑇 =

197.6𝑇𝑟 0.165
𝐷 0.6675

Sulaymaniyah

𝐼𝑇 =

221.3𝑇𝑟 0.220
𝐷 0.6675

252.8𝑇𝑟 0.154
𝐷 0.6674

Sinjar

𝐼𝑇 =

172.6𝑇𝑟 0.203
𝐷 0.6674

Tal-Afar

𝐼𝑇 =

138.5𝑇𝑟 0.290
𝐷 0.6673

Data on the Wadi Al-Milh were
collected, the soil type was found to be Clay
(22.4% sand, 24.6% silt, 53% clay) and
hydrological classification of soil type is (D).
Using the ERDAS IMAGINE V.9.1 program
in preparation of the land-use map and the
following of the Supervise Classification
method, which showed six categories
according to the USGS system, as in Figure 6.
It was found that the dominant species of land
use in the Wadi Al-Milh is a moderate pasture
land (range land).

Wadi Al-Milh
Fig. 6 Land use and vegetation cover Map of
Wadi Al- Milh
Fig. 5 the location of Wadi Al-Milh
Al-Rafidain Engineering Journal (AREJ)

From soil type (D) and land use (range land)
we found the curve number of (CN = 84).
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Digital Elevation model DEM for the
was (1). For more details [19] and Re: Runoff
study area was obtained using the Global
Energy Factor is calculated as following:
Mapper program. Considering the Mosul
station is representative of the Wadi Al-Milh
Re = 13 * (Qp * V)0.56
------- (12)
area, using the IDF Formula of Mosul station
Qp: peak discharge (m3/sec) and V: volume of
from Table 4 and for return period of 100
runoff (m2). LS: Length Slope Factor
years, It was found that the depth of rain is 30
Calculated from the following relationship:
mm and the design rainfall intensity is 5
mm/hr for this valley at duration of 6 hours.
 65.41S 2
 Lof n -(13)
4.56 S
LS  

 0.065 
Using the above information and adopting it as
 S 2  10000
 22.1 
2
S  10000


input to WMS program, the design hydrograph
of the Wadi Al-Milh was found as in Figure 7,
S: basin slope and Lof: flow rate above ground
and the morphological properties as shown in
level and calculated as following:
Table 5.
Lof = 0.5 A / Lt

--------- (14)

A: Basin area (m2); Lt: Total length of the main
channels of the basin (m) and the (n) is
estimated from the Table 6.
Table 6: Values of n
Slope
n

Fig. 7 Design hydrograph of the Wadi Al-Milh

Table 5: Morphological Characteristics of
Wadi Al-Milh
Basin
area
Km2

Basin Basin
Flow
Perimeter Shape Sinuosity Elevation
slope length
distance
Km
factor factor
m
m / m Km
Km

320.1 0.0259 33.28 117.47

0.62

0.97

352.54

37.197

The results of the WMS program of
design
hydrograph
(Figure
7)
and
morphological properties (Table 5) were used
to estimate of the Wadi Al-Milh sediment
yield using the MUSLE method, which is a
summary of Modified Universal Soil Loss
Equation. Williams and Berndt [18] developed
an equation to estimate the sediment yield in
tons resulting from surface erosion due to
individual rainstorms as follows:
Ys = 0.907 * K * CF * PP * Re * LS ---- (11)
Where Ys: Sediment yield (Tons); K: Soil
Erodibility Factor is a function of soil texture
and its value for Wadi Al-Milh was (0.3); CF:
Cover Factor is between 0.15 - 0.25 and its
value for Wadi Al-Milh was (0.2); PP: Erosion
Control Factor and its value for Wadi Al-Milh
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Less than
Greater than
(1–3)% (3–5)%
1%
5%
0.2

0.3

0.4

0.5

The value of LS for Wadi Al-Milh basin is
(0.23), Thus, the maximum sediment yield for
the single rainstorm with the return period 100
years and duration 6 hours is equal to (4763)
tons.
4.7. Discussion:
The study of any time series
requires analysis into its components (trend,
seasonal, periodic, random) to study the
behavior of the phenomenon over time and
predict its parameter in future based on past.
The results of the hypothesis test
showed that the rainfall in northern Iraq is
mainly affected by the seasonal variable
shown in Table 1, the effect of the periodic
variable is very little and there is no effect of
the general trend and the random variable,
this led to the adoption of equation 6 for
prediction using the average instead of the
general trend.
Correction of the prediction results in
Table 3 using monthly and annual wetness
index showed that the adoption of the
monthly wetness index is more accurate than
annual wetness index form comparison of R2
values. the R2 value was calculated from the
corrected prediction results with the
observed time series for all selected stations
in northern Iraq for the period of 2006 to
2010.
The Intensity-Duration-Frequency
curve of the selected stations was plot. using
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Indian Meteorological Department formula
trend of the time series
IMD, The maximum precipitation at each of
2. There are significant changes in the
0.166 hr, 0.33 hr, 0.5 hr,1 hr, 2 hr, 3 hr,6
values
of the seasonal index, The
hr,12 hr and 24 hr for each station from year
fluctuation (rising and falling) in the
1979 until 2014 were calculated for each year
seasonal index during the months of the
at return periods of (2,5,10,15,25,50,100)
year indicates to the effect of the seasonal
years, with different Frequency Distribution
changes on the monthly rainfall series.
Methods. Where the Generalized Extreme
i.e. the rainfall in northern Iraq is affected
Value GEV distribution was the appropriate
by seasonal variations.
distribution for stations of Tal-Afar,
3. Rainfall in northern Iraq is affected by
Darbandikhan and Sulaymaniyah; Gamma
periodic changes but for a period not
Distribution was the appropriate Distribution
exceeding 4 consecutive years. And there
for stations of Duhok, Dokan, Mosul and
is no effect of random variables on
Sinjar, and gumbel Distribution was the
rainfall time series.
appropriate Distribution for stations of Erbil
4. The stations of Mosul, Tal-Afar, Sinjar
and Kirkuk, that gave the best results.
and Kirkuk are considered semi-dry
In order to ensure the validity of the
according to the Koppen climate
test of the four hypotheses of the components
classification. While Erbil, Duhok,
of the time series (general direction, seasonal
Darbandikhan, Sulaymaniyah and Dokan
changes, cyclical changes, random changes)
stations are semi-humid (mild winter and
of the selected stations in northern Iraq, there
dry and hot summers) according to the
is no change affecting the time series
Koppen classification. where it was
components over time, the time series of each
compatible with the Thornthwaite
station were divided into small intervals for 5
classification.
years and 10 years and the ANOVA test was
5. The use of the Monthly Wetness Index is
done using the SPSS program to compare
much better and more accurate than the
the averages for small periods 5, 10 years
use of the Annual Wetness Index to
with the average of the total time series on
correct the forecast results of the monthly
the one hand and with itself on the other,
rainfall data.
where the SPSS program gives the level of
6. The values of the R2 between the
significance of the (F) ratio of the composite
predicted monthly rainfall data after
effect between the groups, which indicates
correction (using equation 6) and the actual
good performance if the mean values of the
monthly rainfall data for the all selected
groups are the same. The SPSS program uses
stations were between (0.992- 0.996)
the LEVENE test, which tests the hypothesis
indicating the effectiveness and accuracy
that the variances for all groups are equal. If
of the modified method (equation 6) used
the hypothesis of data homogeneity collapses,
in this research in prediction of the
the SPSS program presents an alternative
monthly rainfall data.
version of F above, this is Welch F ratio. The
7. The maximum sediment yield of the Wadi
ANOVA test showed that the Significance
Al- Milh (with hydrological classification
level P for the F ratio and Welch F ratio (in
of the soil type is D; land-use is range
the case of collapse of the homogeneity
land and the curve number is 84) for a
hypothesis) for all small periods (10, 5) years
single rainstorm at the return period of
compared with the total time series and with
100 years and duration of 6 hours is equal
the itself was (P> 0.05). This indicates that
to (4763) tons.
there is no significant change in the periods
(5, 10) years compared to the total time
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جامعة الموصل  -مركز بحوث السدود والموارد المائية

الملخص

هذه الدراسة تهدف الى تحليل السالسل الزمنية لبيانات االمطار لـ( )9محطات في شمال العراق وهي ( الموصل ,سنجار ,تلعفر ,دوكان ,دهوك,
اربيل ,كركوك ,السليمانية ,دربنديخان) لفترة زمنية طويلة من عام  9999ولغاية عام  ,4192وذلك باستخدام النموذج الضربي للسالسل الزمنية لغرض
الوقوف على واقع االتجاه العام ومتغيرات السلسلة الزمنية (الموسمية ,الدورية ,العشوائية) التي تتأثر بها االمطار ,والتنبؤ بالسلسلة الزمنية لبيانات االمطار
الشهرية للمحطات المختارة.
كما تم دراسة خصائص امطار المنطقة الشمالية من حيث التوزيع اليومي والشهري والسنوي لمعدالت االمطار وايجاد مخطط العالقة بين الشدة –
االستدامة – التردد (  ) IDFوالوصول الى االعماق والشدات المطرية التصميمية عند فترات عودة مختلفة (  ) 911,01,40,90,91,0,4سنة ,للوقوف
على واقع العواصف المطرية في شمال العراق وتقديم ا لحلول لعدد من المشكالت التصميمية التي تعود الدارة ومعالجة المياه لالحواض عامة واالحواض
غير المرصودة خاصة مثل تصريف السيح السطحي والسيطرة على التعرية.

الكلمات الدالة:
النموذج الضربي ,المؤشر الموسمي ,وادي الملح ,الشدة ,االستدامة ,التردد.
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