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Abstract

Rainfall was studied in four locations in Ninava Governorate which
are Mosul, Sinjar and Talafar and Rabea for the period (1974 — 2002).

The Mean Monthly, Seasonally and Annual values of Rainfall,
Standard Deviation, Coefficient of Variation and Time Series for rainfall
was studied during there periods in all locations.

Simple and Multiple correlations were found between mean
monthly values of rainfall and other Metrological elements (Temperature,
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Relative humidity, Atmospheric pressure, Sunshine, Evaporation,
Gloudness). Frequency distribution of rainfall data were also calculated.

The results indicate a simple negative trends in the Time Series of
the mean monthly values of rainfall in all locations, The maximum mean
annual value of rainfall were found in sinjar location which reach (389)
mm. The maximum frequency of rainfall in Oct., Nov., Apr., May were
in the range of (0-30) mm in all stations while Dec., Jan., Feb., March
show the maximum frequency in the range of (30-60) mm.

Introduction

Rainfall analysis is very important in different domains such as:
Agricultural planning, Water resources planning, Runoff and Stream
Flow Predictions soil Conservation studies, environmental studies, and
human life activities[1].

The amount, intensity and areal distribution of rainfall are essential
factors in many hydrologic studies[2]. Rainfall varies geographically,
temporally and seasonally[3,4].

Bonifacis (2000)[5], He Study the variation of rainfall in philippines
during the period (1930 — 1996), He found the 5-year and 10-year moving
average and they use same statistical models to evaluate rainfall
variability.

Bleeg (2003)[6] study the variation of precipitation with time and
space in Dohuk governorate and made a correlations between Rainfall
and other meteorological elements.

Dawood (2004)[7] study the time series of the monthly values of
rainfall in different Meteorological stations presents in the north part of
Iraq

Grimald.(2005)[8] test the multivariate linear Parametric models
applied to daily rainfall series, these simple models allow to generate
synthetic series preserving both the time correlation (autocorrelation) and
the space correlation (cross correlation).

In Andes Wouter, (2006) [9] Study the spatial and temporal rainfall
variability in mountainous areas using 14 rain gauges located in western
mountain range of the Ecuadorian Andes.

Odure (2006)[10] Take the data of the mean annual rainfall for the
period (1961-1998) using data from 30 stations and he subjected the time
series to a power spectrum using the max Entropy spectral Analysis
technique in Ghana.

Momani (2009)[11] use (Box —Jenkins) model to forecasting the
monthly rainfall for the upcoming 10 years in Amman to help decision
makers establish priorities in term of water demand management.

Abaje.(2010) [12] Analyze the Rainfall trends in Nigeria using the
rainfall data during the period (1974-2008). They found that the trend in
the rainfall series is decreasing on the annual basis.
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The objective of this research is to study the variation of Rainfall
with space and time in Ninava Governorate using four Meteorological
stations (Mosul, Sinjar, Talafar and Rabea). Simple and Multiple
correlations were found between mean monthly values of rainfall and
other Metrological elements.

Methodology
Ninava Governorate which is located in the northern part of Iraq
contain four main meteorological stations (Mosul, Sinjar, Talafar, Rabea).
fig(1) show the locations of these stations.
The latitude, longitude, Altitude and years of observations for these
meteorological stations were presented in table (1).
In our research we study
1) Standard deviation and coefficient variation of the monthly values of
rainfall were found.
2) Mean monthly rainfall, mean seasonal rainfall and mean annual
rainfall. in these four stations
3) Time series of the monthly rainfall values were found in all stations..
4) Simple and multiple regressions equations were found between mean
monthly values of rainfall and other Meteorological elements.
5) Frequency distribution of rainfall data were also found in all stations.

Results and Discussion
1- Study of standard deviations, coefficient of variation and time
series of monthly values of rainfall in all stations.

Standard deviation means a measure of the dispersion of a set of data
from the mean. A low standard deviation indicates that the points tend to
be very close to the means. Standard deviation can be calculated by the
following equation:

SD=[Y(x-%)*/n-1]"

The coefficient of variation represents the percentage ratio of
standard deviation to the mean, and it’s a useful to show the variability of
rainfall data.CV can be calculated by the following equation:

CV =(SD/X) * 100

In this research we obtain the values of SD and CV by Excel program.

Fig (2) Show the standard deviation (SD)of the monthly values of rainfall
in all stations.

The minimum values of SD in the stations (Mosul, Singar, Talafar)
are in October where its values are (17.1,17.4,18.7) mm respectively,
While the minimum value of SD in Rabea station is in May (21.1) mm.
where its maximum values are (58.8, 54.8, 56.8, 45.5) mm in (Sinjar,
Talafar and Rabea) stations respectively in January, while in Mosul the
maximum value was in March (47.6)mm.

Fig (3) Show the coefficients of variation of the monthly values of
Rainfall in all stations. The maximum values of CV was obtained in May
for Mosul and Sinjar stations with values (182,156.6)% respectively
while Talafar and Rabea stations where its values are (154.5,124)% in
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October. In Sinjar station the minimum value was in March (63.4), in
February for Talafar and Rabea stations (53,51.4)%, While in Mosul the
minimum values of CV was obtained in December (55.6)%.

The Time Series of the monthly values of rainfall in all stations were
shown in Fig.(4, 5, 6,7).

From the Figures its clear that all the stations have unsteady series.
The trends of the series shows a small decrease with time in years in the

four stations.
The mean monthly values of rainfall, Standard Deviation,

Coefficient of Variations were shown in appendix (1).
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Fig. (1): Ninava Governorate Map

Table (1): The selected stations in Ninava Governorate and their geographic
information.
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Fig(4): Time Series for Monthly Values of Rainfall in Mosul Station for the period (1974-2002)
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2— Study of mean monthly, Seasonally and Annually rainfall in all
stations.

Fig (8) Shows the mean monthly values of rainfall (mm) for the different

stations in Ninava Governorate. We can see that:

A- May and October gives the lowest values of rainfall in all stations in
comparing with the other rainy months.

B— November and April gave a value of rainfall ranged between (33.6 —
44.6) mm 1n all stations.

C— December, January, February, March gave the highest values of
rainfall in comparing with the other rainy months in all stations,
where the value of rainfall ranged between (53.8 -77.2) mm.

D- The minimum values of rainfall in all stations were obtained in
October where it is value ranged between (12.3 - 21) mm.

E— The maximum value of rainfall in all stations were obtained in March
where it is ranged between (66.3 — 77.2) mm.

From this fig. we see that Sinjar and Rabea have a good amount of

rainfall in all months and this help the agriculture in this places.

Fig. (9) Shows the mean seasonal values of rainfall in all stations
presents in Ninava Governorate.

Winter season receives about (156.4-203.4)mm of rainfall, Spring season
receive available amount of rainfall and contributes between (110-133)
mm. The autumn season contribute between (51 — 57) mm.

Fig. (10) Shows the mean annual values of rainfall for all stations
which can be arranged from the highest value to the lowest values as:
389.1 mm in Sinjar, 355.1 mm in Rabea, 378.8 mm in Mosul and 317.7
mm in Talafar.
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Fig.(8): Mean Monthly values of rainfall(mm) For all stations.
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Fig. (9): Mean Seasonal Values of rainfall in (mm) for all stations

Fig. (10): Mean Annual values of rainfall in (mm) for all stations
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3— Correlations between the mean monthly values of rainfall and the
mean monthly values of the different meteorological elements in
all stations.

Fig (11) Shows the correlations between the mean monthly values of
rainfall and mean air temperature in all stations.

A highly negative correlation were obtained in all stations and the
values of the correlation coefficient (R) for all stations are (- 0.91,- 0.92,
- 0.89, - 0.90) in Mosul, Sinjar Talafar, and Rabea stations respectively.

Fig (12) Shows a highly positive correlation between mean monthly
values of rainfall and relative humidity, where the values of (R) are (0.93,
0.91,0.88,0.86) in Mosul, Sinjar, Talafar and Rabea stations respectively.

Fig (13) Shows a highly negative correlation between mean monthly
values of rainfall and evaporation in (mm) in all stations. Where the
values of (R) are (-0.85, -0.81, -0.86, -0.75) in Mosul, Sinjar, Talafer, and
Rabea stations respectively.

Fig (14) Shows a highly negative correlation between mean monthly
values of rainfall (mm)and a sunshine hours for all stations. Where the
values of (R) are (-0.82, -0.81, -0.80, -0.78) on Mosul, Sinjar, Talafar,
and Rabea stations respectively.

Fig (15) Show a positive correlation between mean monthly values of
rainfall (mm) and atmospheric pressure (mb) for all stations. Where the
values of (R) are (0.70, 0.68, 0.70, 0.63) on Mosul, Sinjar, Talafar and
Rabea stations respectively.

Fig (16) Shows appositive correlation between mean monthly values of

rainfall (mm) and cloudiness (octa) for all stations. Where the values of

(R) are (0.85, 0.60, 0.89, 0.70) on Mosul, Sinjar, Talafar and Rabea

stations respectively.

A multiple correlation were obtained between the mean monthly values

of rainfall and mean monthly values of the meteorological elements

(Temperature, Relative Humidity, Atmospheric pressure, Evaporation,

Sunshine hours, Cloudiness).

Table (2) Show these multiple correlations and their correlation

coefficients These correlations are very important for hydrological and

Climatologically studies.

Table (2): Multiple correlations equations and correlation
coefficients for all stations.

stations Equations I R
o R=44932.828 - 5.807T - 44.223P+12.254RH +7.075n — )
1.005EVAP - 150.907C
— R 2040652 = 5.775 T+23.792P - 0.987 RH +6.548n + 1448
Sinjar EVAP + 66.015C 0.956
atafor || R = 2933872 - 4.391T- 2.66 P - 2.485 RH +7.360n - 0.38EVAP+ || 5 55
10.525C
R = 3102502~ 7.167T - 3.226P+ 2.166 RH +35.015n =
Rabea 0.618EVAP -27.688 C |0'998
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4- Study the frequency distribution of rainfall data

Fig(17) Shows the frequency distribution of rainfall data for all
stations on the rainy months.

The maximum frequency in October were found in the range (0-30)
mm for all stations where its value are ranged between (76 — 94)%.
In November the range (0 — 30) mm represent maximum frequency (45 —
52) %, the range (30 — 60)mm represent (28 -31) % for all stations. The
frequency between (3 — 10) % are represented the range (90 — 120)mm. In
December both the range (0 — 30)mm and the range (30 -60) mm have
values of frequency between (17 — 59)%. The ranges (60 — 90) mm, (90 —
120)mm and (120 — 150)mm have values between (7 — 24)%.

All the ranges were appears in January but the maximum frequency
were in the range (30 — 60)mm, (31 — 49)% for all stations.
In February the maximum value were in the ranges (30 — 60) and (60 —
90) mm, its value between (14, 66)% for all stations.

In March the maximum frequency (31)% in Mosul station were in
the range (0 — 30)mm, Sinjar station have the maximum frequency (24)%
in the range (0 - 30)mm and (30 — 60) mm. Talafar station have the
maximum frequency (31)% in the range (60 — 90), and Rabea station have
the maximum frequency (59)% in the range (30 - 60) mm.

In April the maximum frequency were in the range (0 — 30)mm and
its value were between (48 — 62)% for all stations. In may the maximum
frequency were in the range (o - 30)mm was value between (73 — 87)%.

Conclusion

1) Sinjar station gave the higher value of (SD)(58.8) in January and
Mosul station gave the higher value of CV% which reach 182% in
May. It is indicate that rainfall values in Sinjar station are spread out
over a large of values.

2) All the stations indicate slightly downward trend of the mean
monthly rainfall time series.

3) December, January, February and March gave the highest values of
rainfall comparing with the other rainy months in all stations, where
it ranged between (53.8 — 77.2) mm.

4) Sinjar station shows the highest value of mean annual value of
rainfall (389.1mm).

5) A highly negative correlation shown between mean monthly values
of rainfall with each of (Temperature, Evaporation, and sunshine
hours for all stations, while it gave a highly positive correlations
with each of (Relative Humidity, presser, and cloudiness).

6) The Multiple regression coefficients were (1, 0.956, 0.955, 0.998)
for the stations (Mosul, Sinjar, Talafer and Rabea) respectively.

7) The maximum frequency were found in October in the range
(0—30)mm for all stations between (76 — 94) %.
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Fig (18) : Frequancy distribution of rainfall for all stations in rainny months.
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Appendix (1): The mean monthly of rainfall, SD, CV in Mosul,
Sinjar, Talafar and Rabea

Mosul station

Months | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May
MEAN 123 | 446 | 651 | 636 | 627 | 716 | 409 | 156

SD 171 41.7 36.2 42.3 36.7 47.6 34.9 28.4
cV 139 93.5 55.6 66.5 58.5 66.5 85.3 182

Sinjar station

Months | Oct. | Nov. | Dec. | Jan. | Feb. | Mar. | Apr. | May
MEAN 151 | 380 | 734 | 660 | 660 | 772 | 342 | 187
SD 174 | 378 | 509 | 588 | 445 | 49.0 | 29.0 | 293
Y 1152 | 99.4 | 693 | 89.0 | 674 | 634 | 847 | 156.6

Talafar station

Months | Oct. | Nov. | Dec. | Jan. | Feb. | Mar.| Apr. | May
MEAN | 121 | 378 | 585 | 574 | 538 | 66.3 | 356 13.7
SD 18.7 | 372 | 388 | 548 | 285 | 451 | 254 19.3
CV 1545 | 984 | 663 | 954 | 530 | 680 | 71.3 | 1408

Rabea station

Months | Oct. | Nov. | Dec. | Jan. | Feb.| Mar. | Apr. | May
mean 21 336 | 658 | 595 | 544 | 685 392 | 224
sd 26.1 28 41.8 | 455 | 28 37 293 | 2138
cv% 124 | 833 | 635 | 764 | 514 54 747 | 973




