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Abstract: In this study, two water balance methods have been adopted to estimate the water excess for the
Haqlan basin in the western territory of Iraq. The first method made use of the rainfall and actual
evapotranspirationdata based on the monthly average within the period (1980-2010) and the second method
estimated the parameters in each year in separation to estimate water excess. The study area is characterized
as arid, thathas an annual rainfall 124.9 mm.The results of this study have demonstrated that the average water
excess value in the first method was 10.2mm distributed into 8.74 mm as the surface runoff and 1.45 mm as
groundwater recharge, whereas in the second method there was 20 mm distributed into 8.87 mm as the surface
runoff and 11.13 mm as the groundwater recharge.The results of the annual method were more or less consistent
with the results with previous studies which had adopted the monthly method. Therefore, the studyconcluded
that the annual water balance serves as the best method in estimating water balance in the hydrological basins
in arid regions due to the fact that their results are in line with previous studies in adjacent basins.

Key words: Water balance  Evapotranspiration  Water Excess  Runoff

INTRODUCTION Badra river  basin   drainagedependedon   what it

It is important to understand accurately the This indicated the need to estimate the water excess for
hydrological cycle characteristicsto study the water hydrological basins to know the amount of runoff. In this
balance in the catchment areawhich shed light on the study, water balance was estimated for an arid area in the
water surplus and water deficit. Actual evapotranspiration western region of Iraq using two methods; annually and
(AET) is a significant parameter in the water balance monthly water balance.The objective of this study:first, to
studied that may achieve close 90% of  the  precipitation estimate the water excess resulted from the rainfall and
[1, 2, 3]. The water system in the arid area necessitates an surface runoff achieved from this water excess and
understanding using the water balance method. Among second, to analyses which method produces the most
a number of methods for the calculation water balance, accurate results for water balance parameters in arid
theThornthwaite (1948) model introduced one of the most regions.
striking methods that have been adopted widely in both
arid and semi-arid areas.Some of researcher had used the Study  Area  and  Data  Collected:  Haqlan  Basin  is one
Thornthwaite (1948) model to assess and estimate the of  the  most  important  dry   valleys   in  the west region
groundwater recharge in the Baiji Tikrit basin in Iraq [4]. of  Iraq,  with  a  long  59.17  km   stretch  and the
He mentioned that when the value of surface runoff is not catchment  area  of  452.6  km   (Figure   1).  The elevation
more than 7% from the annual rainfall, we can make an of  the study  area  is  between (75 – 325) m above sea
assumption that the value of the surface runoff is equal level  [7].  The  climate data were obtained from 5
to7% and this decision leans on many studiesconducted meteorological   stations    (Ramadi,    Haditha,  Anah,
on the adjacent hydrological basins[5]. Meanwhile, Qaim  and  Rutba)   in   the   vicinity   of   the  study area
applied Thornthwaite’s (1948) model to estimate the water for the period of (1980 - 2010). The study area is
balance for Erbil basin in of the northern area of Iraq [6]. characterized to be an arid area with an annual rainfall of
The author stated thatmost of the drainage for the Galal 124.9 mm.

received from the  surface  runoff   in  the  river  basin.
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Fig. 1: Study area

MATERIALS AND METHODS

Rather frequently, Thornthwaite’s (1948) model has
been applied to estimate the water balance of the
watersheds and to acquire the water surplus and water
deficit in arid and semi-arid areas such as those found in
various earlier studies [4, 6, 8-11]. Potential
evapotranspiration (PET) can be estimated by
Thornthwaite (1948) using Eq, 1 to Eq. 4 

(1)

(2)

(3)

(4)
where PET is the potential evapotranspiration (mm),T
depicts the average monthly temperature C°,I is the
annual heat, i is the monthly heat index and a is a
constant.

The previous studies suggested that the physical
properties for the soil of the study area, namely sandy
loam [12] and the average soil depth is 25 cm [4, 7, 13].
The soil moisture is considered to be about 25 mm
according to the specifications set by [4, 14]. The runoff
can be calculated through river discharge stations or
simply through some mathematical equations. One of
these equations (Langbein, 1962) work based on several
climatic elements like the total annual rainfall and the
annual average temperature [10].

P/E=E/R (5)

E=10 (6)(0.027T+0.886)

where, P, total annual rainfall (mm), R, total annual runoff,
T, average annual of temperatures, E, temperature
constant.

Table 1: Represents annual water balance calculation for study area
Years P [mm] PET [mm] AET [mm] Sm [mm] WS [mm]
1980 147.9162 1205 87.5 25 35.4162
1981 117.7824 1277 94.2 25 0
1982 242.28 1170 84.9 25 132.38
1983 110.42 1179 85.4 25 0
1984 108.632 1290 95 25 0
1985 125.5564 1190 90.5 25 10.0564
1986 127.5506 1344 97.12 25 5.4306
1987 92.4154 1300 111 25 0
1988 212.9684 1289 95 25 92.9684
1989 100.4368 1256 95.33 25 0
1990 90.8362 1289 103 25 0
1991 105.6606 1295 84.6 25 0
1992 125.3982 1104 80 25 20.3982
1993 164.1162 1261 97.6 25 41.5162
1994 176.5604 1373 95.3 25 56.2604
1995 177.681 1261 101.5 25 51.181
1996 165.4872 1328 105.2 25 35.2872
1997 208.44 1213 91.12 25 92.32
1998 88.121 1463 106.8 25 0
1999 79.8608 1383 101.4 25 0
2000 93.8206 1307 95.34 25 0
2001 147.2268 1279 101.7 25 20.5268
2002 124.7226 1381 96.7 25 3.0226
2003 118.2968 1294 100.5 25 0
2004 90.9962 1337 88.56 25 0
2005 108.6864 1259 91.45 25 0
2006 139.05 1365 88.6 25 25.45
2007 79.935 1435 108.7 25 0
2008 87.0446 1248 90 25 0
2009 85.6444 1289 95 25 0
2010 84.2584 1614 113.1 25 0
Sum 622.234
AV 20

RESULT ANDDISCUSSION

Table 1 shows separately the annual water balance
calculation in the catchment area for each year, while
Table 2 shows the water  balance  calculation  that
depends on the monthly average rainfall and the AET.
The application of the annual water balance depends on
two cases, when the rainfall is greater than the PET and in
this case the AET is equal to the PET or the rainfall equal
or less than the PET and in this case the AET is to the
same with the rainfall. The PET is mostly greater than the
rainfall because they represent the PET that is estimated
from equations regardless of the rainfall falling  period
that represents the basis of the water balance calculation.
The calculation for the monthly water balance does not
consider the fluctuations of rainfall amountsin terms of
the months or years. Moreover, the annual method
reduces   the    effect   of   these   fluctuations  that  render
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Table 2: Represent monthly water balance calculation for study area
Month P [mm] T [C°] PET* [mm] P-PET [mm] AET WS Total [mm] SM [mm] WS [mm]
10 10 23.99 83.28 -73.3 10 0 0  -
11 17.2 15.52 24.53 -7.33 17.2 0 0  -
12 17.6 9.84 7.998 9.602 7.998 9.60203 9.602 -
1 19.7 8.546 6.005 13.7 6.005 13.695 23.3  -
2 22.5 11.09 10.6 11.9 10.6 11.9 25 10.2
3 17.7 16.05 36.37 -18.7 17.7 0 - -
4 13.6 21.77 83.66 -70.1 13.6 0  -  -
5 5.8 26.58 159.7 -154 5.8 0 -  -
6 0.1 30.85 230.6 -231 0.1 0  -  -
7 0 33.37 286.9 -287 0 0  -  -
8 0 32.77 244.3 -244 0 0  -
9 0.7 29.03 147.2 -146 0.7 0  -  -
SUM 124.9 1321 89.7 35.1971 25 10.2

Table 3: Shows WS, SR and GWR estimated by two WB methods
WBM Method P mm WS mm SR mm* % From P % From WS mm SR 7% from p mm % From WS mm GWR mm
Annual 126.7 20 6.84 5.4 34.2 8.869 44.3 11.131
Monthly 124.9 10 6.94 5.5 69.4 8.743 87.4 1.257
Study [9] 242.39 29.93 10.48 ** 4.32 35 16.96 56.6 12.97
Study [4] 221 45.93 6.93 3.1 15 15.74 34.2 39
*The author used (Langbein, 1962) 
**The Omer used (Sogrea, 1983) equation for estimate the Surface runoff (adjacent basin)

Fig. 2: Shows the relationship between rainfalls, AET, WS for annual water balance method

the values of the rainfall,PET and AET regular. Table 1 (Figure. 2) shows the relationship between the rainfall,
show that the values derived from the water excess and AET and water excess estimated by the annual water
water deficit every year during the study period. balance method. Table 3, displays that thewater excess

The highest water excess was 132.28 in 1982 that has value in the monthly method was (10.2mm) which is
resulted from the annual rainfall 242.28 mm and the lowest distributed into (8.74 mm) as the surface runoff and 1.45
water excess was (3.02 mm) in 2002 that resulted from an mm as the groundwater recharge while in the yearly
annual rainfall of(124.72 mm), while the values of the method it was (20 mm) that is distributed into (8.87 mm) as
annual  rainfall in water deficit years ranged between the surface runoff and (11.13 mm) as the groundwater
(79.86 and 118.29)mm. From Table 1, our recharge.
conclusionsuggests that the values of the annual rainfall In reference to Table 3, the results of the annual
ranging between (118.29-124.72 mm) is a very important method for this study approximately agree with [10] and
period that determines the occurrence of the water excess [4] and also they show that the monthly water balance
in the area of study. Table 2 shows that there is water method shows an underestimation for the water excess of
deficit in the study area starting from March to November 10 mm and also the groundwater recharge was too low
due to the exceeding PETc or the rainfall, in this case will when compared to the groundwater recharge value that is
be the depletion of the soil moisture, while there is water estimated by using the annual water balance.
excess of 35.19 mm happening from December to February Additionally, the low value of the surface runoff for study
altogether representing 28.17% from the yearly rainfall. by  [10]  can  be  explained through the different soil types
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Fig. 3: Scatterplot showing: (a) relationship between the water excess years only and annual rainfall and AET with WS
(b) relationship between the water excess and water deficit years with annual rainfall.

and basin characteristics. To ensure the strength of the 2. Huxman, T.E, B.P. Wilcox, D. Breshears, R.L. Scott,
relationship between water excess and annual rainfall, a
scatterplot was made (Figure 3). The results of the
scatterplot  show  that there is a good relationship
between the water excess years only and annual rainfall
(Figure 3-a) (following R  = 0.9655), also Fig 3-a shows2

that there is very little relationship between the water
excess years and the AET value (according to the R
squared value (R2 = 0.045). (Figure 3-b) shows that the
strength of the relationship between the water excess and
water deficit years with the annual rainfall was (R2 =
0.8969).

CONCLUSION

The best method that can be adopted to elaborate on
and estimate the water balance for any basin in arid
regions is to use the annual water balance. 
Monthly water balance method demonstrates an
underestimation for water excess mm and also with
the groundwater recharge, furthermore, it does not
account for the instability of the rainfall in terms of
months or years.
The results of this study show that the average water
excess value in the annual method was 20 mm that is
distributed into 8.87 mm as the surface runoff
represents 44.3% from the water excess and 11.13 mm
as the groundwater recharge.
The results of the annual method for this study
approximately are in line with past studies.
The total annual amounts of the surface runoff
resulted in the basin were 4014562 m and the ground3

water recharge of 5037438 m .3
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