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Abstract

Ali AL-Gharbi area lies to the northeast of Missan Governorate, southeast of
Irag. The meteorological data recorded in Ali AL-Gharbi station for the period
(1994-2014) were used to assess the climatic condition of the study area, it was
found that the monthly mean of rainfall is (15.35 mm), relative humidity (43.95 %),
the temperature (24.50 C), wind speed (4.35 m/sec) and the strongest and most
frequent winds are the northwest, sunshine (8.54 h/day) and evaporation (305.73
mm).The results of the data analysis show that, the climate of study area is
characterized by dry and relatively hot in summer, and cold with low rain in winter.
This study shows that, there is water surplus of (35.69 %) of the total rainfall
amount which is equivalent to (184.28 mm), and the amount of surface runoff is
(5.12mm), and the amount of groundwater recharge is (60.65mm) from the total
rainfall.
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Introduction:

Ali AL-Gharbi area lies to the northeast of Missan Governorate, southeast of Irag, between
latitudes (32°, 30'- 32°, 49') north and longitudes (46°, 33- 46°, 56) east. Its occupy (894) km? and
bounded from northeast to southeast by Iragi-lranian border, as shown in Figure-1. Study area is
located at the eastern border of the Mesopotamian plain and is considered as a part of it [1]. More than
95% of the study area covered by Quaternary deposits, Pre-Quaternary rocks are exposed to the east
and northeast of AL-Teeb town, represented by undifferentiated Mukdadiya and Bai Hassan
formations, the two formations are represented in the study area as one geological unit [2]. The region
containing of the accumulation geomorphic units, mainly of fluvial and aeolian origins such as,
alluvial fan, sheet run-off, sand dunes and sand sheet, beside other geomorphic units.
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Figure 1-Location of study area.

This study is aimed to studying the climate parameters for the available data to calculate the water
balance.

Method and Materials:

The climatic data for the study area was taken for the period (1994-2014) of Ali AL-Gharbi
meteorological station and determine the monthly mean values of climatic parameters, as shown in
Table-1 and Figure-2. Thornthwiat equation was used to determine the values of the potential
evapotranspiration. After that, the values of evapotranspiration were corrected according to latitude for
each month. The water balance of the study area calculated by using Lerner method, where the surface
runoff of the study area was determined by using curve number method. In addition to, two of the
climate classifications were used to delineate type of climate in the study area.

Results and Discussion:

Table 1- Monthly averages records of climatic parameters in Ali AL-Gharbi station for the period (1994-2014)
[3].

Months Rainfall Re_la_tive Temper;atures ggégg Sunshine Evaporation
(mm) Humidity %)( ) (misec) (h/day) (mm)
Oct. 5.58 39.53 26.71 3.53 8.34 260.12
Nov. 32.47 58.13 18.35 3.36 6.93 125.31
Dec. 29.89 75.73 13.14 2.88 5.97 68.04
Jan. 37.53 73.78 11.67 3.58 5.99 75.1
Feb. 21.47 63.14 14.17 3.83 7.20 107.57
Mar. 25.73 52.14 19.30 4.21 7.48 200.33
Apr. 18.93 41.78 24.81 4.53 7.97 292.22
May 12.30 28.92 31.60 4.42 9.55 435.81
June 0.08 22.15 36.02 6.11 11.24 594.16
July 0 21.30 38.14 6.01 10.90 566.26
Aug. 0 22.73 37.53 5.44 11.16 558.49
Sep. 0.3 28.13 32.72 4.44 9.78 385.46
Average 15.35 43.95 24.50 4.35 8.54 305.73
Total 184.28 527.46 294.09 52.28 102.51 3668.87
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There are varies relationships between the climatic variables. Where, Relative humidity is
correlated inversely with temperature, evaporation and wind speed; and normally with rainfall.
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Figure 2- Relationships between the climatic variables.

Evapotranspiration:

The potential evapotranspiration is a combine term of evaporation and transpiration, defines as the
total loss of water through evaporation and transpiration from the soil plant system. Thornthwiate
suggested an equation to calculate the potential evapotranspiration after conducting several
experiments on various semi-wet and semi-arid climate types depending on the temperature only [4].
The evapotranspiration in study area is calculated for each month as the follows:

PE =16 [10t/ J)?

12
J= > (for the 12 month)

j=1
j - [tn / 5]1.514
a=0.016 J+0.5
PEc = K*PE
Where:
PE = Potential evapotranspiration (mm).
PEc = Correct evapotranspiration (mm).
t = Monthly mean air temperature (C°).
n = Number of monthly measurement.
J = Annual heat index (C°).
j = Monthly temperature parameter (C°).
a = Constant.
K=correction coefficient related to hours between sunrise and sunset in the month [5].
Then:
a=0.016*J+0.5
a=0.016*147.72+ 0.5=2.86
K= my study area on latitude 32° 30' 00"

After determine the values of potential evapotranspiration and correcting them according to the
latitude for each month due to variation sunshine hours between day and night. It is clear in Table-2.
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Table 2- Potential evapotranspiration (PE) mm for Ali AL-Gharbi by Thornthwiate

Months | t (C) J (nI:E) K (rF:rEﬁ) E"a('?g;f)“o”
Oct. 26.71 12.63 87.05 0.98 85.30 260.12
Nov. 18.35 715 2075 0.88 26.18 125,31
Dec. 13.14 431 11.44 0.87 9.95 68.04
Jan. 11.67 3.60 8.15 0.89 7.25 751
Feb. 14.17 484 14.20 0.86 12.21 107.57
Mar. 19.30 7.72 34.37 1.03 3540 200.33
Apr. 24.81 11.30 70.49 1.08 76.12 202.22
May 31.60 16.30 140.80 119 167.55 43581
Jun. 36.02 19.87 204.75 1.19 243.65 594.16
Jul, 38.14 21.67 241.14 121 201.77 566.26
Aug. 3753 2115 23027 115 264.81 558.49
Sep. 32.72 17.18 155.55 103 16021 385.46
Total =14772 | 1227.96 1380.4 3668.87

Water Surplus (WS) and Water Deficit (WD):

Water surplus is define as the excess of rainfall values over the corrected evapotransipiration values
during specific months of the year, while water deficit is the excess of corrected evapotransipiration
values over rainfall values during the remaining months of that year. The actual potential
evapotranspirtion (APE) could be derived as follows [6]:

WS =P -PEc

PEc = APE, when P > PEc
WD =PEc-P

P = APE, when P < PEc

In the first case (water surplus period) values of rainfall is greater than correct evapotranspiration,
therefore the actual evapotranspiration equals the correct evapotranspiration. The water surplus
represents the surface runoff plus the groundwater recharge after the soil is fully saturated. The soil
moisture is consumed either by evaporation from the soil or by plant. Therefore it is considered as a
part of the water losses as that of potential evapotranspiration [7-8]. In the second case (water deficit
period) correct evapotranspiration is greater than rainfall; where the actual evapotranspiration is equal
the rainfall. The monthly averages of APE, WS and WD are shown in Table-3.

Table 3- Water surplus and water deficit for the study area.

Month P(mm) PE.(mm) APE(mm) WS(mm) WD(mm)
Oct. 5.58 85.30 5.58 0 79.72
Nov. 32.47 26.18 26.18 6.29 0
Dec. 29.89 9.95 9.95 19.94 0
Jan. 37.53 7.25 7.25 30.28 0
Feb. 21.47 12.21 12.21 9.26 0
Mar. 25.73 35.40 25.73 0 9.67
Apr. 18.93 76.12 18.93 0 57.19
May 12.30 167.55 12.30 0 155.25
Jun. 0.08 243.65 0.08 0 243.57
Jul. 0.0 291.77 0 0 291.77
Aug. 0.0 264.81 0 0 264.81
Sep. 0.3 160.21 0.3 0 159.91
Total 184.28 65.77 1261.89

Where:

WS: Water surplus (mm).
WD: Water deficit (mm).
APE: Actual Evapotranspiration (mm).
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The total annual value of water surplus is (65.77 mm) from total rainfall and it is limited between
November and February because rainfall exceeds PEc. The water surplus ratio from the yearly rainfall
can be represented as:

WS % = WS/P x100

WS% = 65.77 /184.28 x100 = 35.69%
WD% = 100 — WS%

WD% = 100 — 35.69% = 64.31 %

Figure-3 shows the relationship between the monthly means of rainfall and corrected
evapotranspiration, which shows the water surplus and water deficit periods.

=0=P(mm)  =X==PEc(mm)
350
300 >K\
£ 250 x/ &
£ 200 /
@ / \\
2 150 al X
2 / wo
=
o 100
S X N
>0 WD\\'\ v
X
O'_C/I$lexl T T IV|C|C|O_I
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep.
Months

Figure 3- The relationship between monthly averages of rainfall (P) and corrected potential evapotranspiration,
shows water surplus (WS) and the water deficit (WD) for the study area.

The soil conservation service (SCS) method has been used for calculating surface runoff value
from the available rainfall data in the study area. The empirical rainfall-runoff relation is [9]:

_ (P —0.25)?

~ (P+0.85)

1000
(N =——c— (S)in (millimeter)
10 + 5=+

25.4
Where:
Q = runoff depth (mm).
P = total rainfall (mm).
S = maximum potential retention (mm).
CN = Curve Number.

According to the Table-4 runoff curve number for arid and semiarid rangelands the soil of study
area characterized by curve number is (72). According to this model the total surface runoff is
(5.12mm) which represent (2.78%) of the total rainfall. Where, The maximum rate of surface runoff is
(2.71mm) during January, which reflecting the maximum monthly mean of precipitation (37.53 mm)
as shown in Table-5.

P > 0.28
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Table 4- Runoff curve number for arid and semiarid rangelands [10].

Hydrologic Hydrological soil group
GO W cglnditio?]* A B C D
Herbaceous-mixture of grass, weeds and low-growing brush, Poc_Jr 80 87 %3
with brush the minor element. Fair 1 81 89
Good 62 74 85
Oak-aspen-mountain brush mixture of oak brush, aspen, PO(.)r 06 74 7
mountain mahogany, bitter brush, maple, and other brush. Fair 48 57 63
Good 30 41 48
Poor 75 85 89
Pinyon-juniper- pinyon, juniper, or both; grass understory. Fair 58 73 80
Good 41 61 71
Poor 67 80 85
Sage-grass-sage with an understory of grass. Fair 51 63 70
Good 35 47 55
Desert shrub-major plants include saltbush, greasewood, Poor 63 7 85 88
creosotebush, blackbrush, bursage, paloverde, mesquite and Fair 55 72 81 86
cactus. Good 49 68 79 84
Table 5- Monthly mean values of surface runoff in the study area.
Months Precipitation Water Surplus Weighted CN S Surface runoff
(mm) (mm) (mm)
Oct. 5.58 0 0 0
Nov. 32.47 6.29 98.77 1.45
Dec. 29.89 19.94 98.77 0.94
Jan. 37.53 30.28 98.77 2.71
Feb. 21.47 9.26 98.77 0.02
Mar. 25.73 0 0 0
Apr. 18.93 0 72 0 0
May 12.30 0 0 0
Jun. 0.08 0 0 0
Jul. 0 0 0 0
Aug. 0 0 0 0
Sep. 0.3 0 0 0
Total 184.28 65.77 5.12
WS =Rs + Re
Re=WS —Rs
Re=65.77-5.12

Re = 60.65 (mm)

Re %= (60.65/184.28)*100 = 32.91%, represents the percentage of groundwater recharge from the
total rainfall.

Where:

Rs: Surface runoff (mm).

Re: Groundwater recharges (mm).

Classification of Climate:

There are many classifications for climate complied and proposed by many scientists and
researchers to find and determine the type of the climate. Two of these classifications will be used to
delineate type of climate in the study area as follows:

[11] suggested a classification depended on humidity index (H.l) which represents the ratio between
the rainfalls to correct potential Evapotranspiration, as shown in the Table-6.

H.l. = P/PEc

Where:

H.I: Humidity index.

P: rainfall (mm).

PEc: Corrected potential evapotranspiration (mm).
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Table 6- Evaluation of monthly climate averages in the study area after [11].

P PEc Kettaneh and
Mg (mm) (mm) i Gangopadhyaya, 1974

Oct. 5.58 66.403 0.084 Very dry
Nov. 32.47 18.883 1.719 Humid

Des. 29.89 6.677 4.476 Humid

Jan. 37.53 4.825 7.778 Humid

Feb. 21.47 8.96 2.396 Humid
Mar. 25.73 24.235 1.061 Humid
Apr. 18.93 50.060 0.378 Moderate to Dry
May 12.30 121.024 0.101 Moderate to Dry
Jun. 0.08 197.967 0.00040 Very Dry
July. 0 232.413 0 Very Dry
Aug. 0 227.718 0 Very Dry
Sep. 0.3 132.147 0.0022 Very Dry

The classification suggested by [12] for determining the climate type by using the annual dryness
treatment depending on the amount of rainfall and temperature, according to the following equations:
Al—1=(1.0xP)/(11.525%t) .............. (t not equal zero)

Al—2=2+/P /t
Where:

Al: Aridity index

P: Annual rainfall (mm)
t: Temperature (C°).

The value of (Al-1) represents the classification of the dominated climate, while the value of (Al-2)
represents a modification of the latter classification as shown in Table-7. The values of Al-1 and Al-2
becomes as follows:

Al —1=(1x184.28)/ (11.525 x 24.50) = 0.652

_ 2+/184.28

Al -2 = 2450 - 1.108

When comparing the values of (Al-1) and (Al-2) with the type of the climate reveals that the
dominated climate in the area is Sub arid to arid-Sub arid.

Table 7- Climate classification depending on values of annual dryness treatment (A-1.1 and A-l.2) after [12].

Type.1 Evaluation Type.2 Evaluation
Al-2>4.5 Humid
. ) 2.5<Al-2<4.0 Humid to moist
Al-1>1.0 Humid to moist -
1.85<Al-2<2.5 Moist
1.5<Al-2<1.85 Moist to sub arid
1.0 < AI-2<1.5 Sub arid
Al-1<1.0 Sub arid to arid — -
Al-2<1.0 Arid
Conclusions:

1. This study showed that there is water surplus of (35.69%) of the total rainfall (184.28mm).

2. The water surplus is divided into surface runoff (5.12mm) with a rate of (2.78%) and groundwater
recharge of (60.65 mm) with a rate of (32.91%) of the total rainfall. The water deficit represents
(1261.89mm) of the corrected potential evapotranspiration.

3. The climate of the study area is between the wet climates in winter to the dry climate in summer
and in general, it can be considered that the climate of the region is Sub arid to arid-Sub arid.
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