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Abstract 
The Water Balance of Wadi Al - Adira Basin in Hail Province, Saudi Arabia 

The study in hand intends to estimate the water balance through the 

integrated employment of the NRCS-CN model of the US Soil Protection 

Agency and the Thornthwaite and Turc models. The three models are applied 

in an integrated manner to estimate the amount of potential evaporation to 

be used in extracting leakages rates with the daily maximum rainfall data for 

the period 1976-2011 at four rain stations in Hail province: Aqla bin Jibrin, 

Ghazala, Hail, and Nekra. The application of these models has yielded 

significant results in estimating the maximum soil retention capacity, which 

was estimated to be 74.2 mm. Such value of retention capacity is suitable for 

the variation of Wadi Al Adira basin soil between the sedimentary soil and 

solid rock with a weighted slope number CN = 77.4. This estimate means a 

quantity of water loss of about 14.8 mm/day. The estimated water loss rate 

was employed further in calculating the water surplus which reached a 

maximum of 41.2 mm on 21/4/1984 at the Ghazala station, 87.0 mm on 

27/11/1984 in Hail station, 46.8 mm on 27/11/1984 at the station Aqla bin 

Jibrin and 26.8 mm on of 9/5/1982 at Nekra station.  

The application of Thornthwaite and Turc models assisted in 

estimating the amount of potential evaporation that was used in deriving the 

minimum leakage. The estimated leakage rate ranged between 7.8 mm/day 

at the Aqla bin Jibrin station and 12.3 mm/day at all stations studied. The 

methodology adopted in this paper can be applied to estimate the water 

balance at other drainage basins in Hail region. This consequently can assist 

in determining the amounts of rainfall that have the ability to generate heavy 

floods, which poses a risk to the residential and urban areas. 

 Keywords: Water balance, Maximum daily rainfall, Evapotranspiration, 

Water surplus, Infiltration, Hail area, Saudi Arabia 
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 السنة 

 الغزالة  حائل  عقلة بن جبرين  النقرة 

 التاريخ 
الأمطار  

 )ملم( 
 التاريخ 

الأمطار  

 )ملم( 
 التاريخ 

الأمطار  

 )ملم( 
 التاريخ 

الأمطار  

 )ملم( 

1976 14 -11 30.0 27 -3 63.0 23 -1 33.2 23 -1 19.0 

1977 24 -10 24.6 9 -11 18.5 26 -3 8.6 26 -3 26.0 

1978 11 -12 8.4 16 -2 14.5 11 -12 15.8 11 -12 25.2 

1979 16 -4 24.2 24 -10 25.6 17 -1 16.6 17 -1 13.8 

1980 26 -11 17.0 27 -11 16.0 27 -11 22.0 27 -11 6.4 

1981 10 -2 38.4 10 -2 26.4 10 -2 36.4 10 -2 7.2 

1982 22 -4 29.4 16 -4 19.2 9 -5 15.8 9 -5 41.6 

1983 15 -4 32.4 29 -4 20.2 20 -4 35.0 20 -4 4.2 

1984 26 -11 45.6 27 -11 101.8 27 -11 61.6 27 -11 31.4 

1985 17 -11 19.0 10 -11 37.5 13 -11 48.8 13 -11 37.4 

1986 21 -4 56.0 6 -4 28.6 6 -4 52.4 6 -4 16.0 

1987 23 -10 21.6 18 -10 12.6 16 -10 12.8 16 -10 23.6 

1988 10 -4 8.4 16 -12 2.0 10 -4 41.0 10 -4 11.8 

1989 21 -2 35.4 20 -2 55.8 21 -2 49.8 21 -2 9.6 

1990 27 -1 17.4 27 -1 15.2 15 -4 25.2 15 -4 18.6 

1991 5 -4 32.2 23 -3 28.4 23 -3 21.9 23 -3 15.7 

1992 10 -1 10.8 10 -1 10.2 30 -3 7.8 30 -3 28.2 

1993 20 -3 38.0 30 -1 10.3 22 -2 12.2 22 -2 13.8 

1994 14 -4 18.0 16 -11 19.4 8 -12 18.2 8 -12 9.2 

1995 20 -4 12.0 13 -3 8.5 3 -12 14.8 3 -12 32.4 

1996 20 -11 8.0 25 -11 12.3 27 -11 11.4 27 -11 16.5 

1997 15 -1 12.0 8 -11 16.2 24 -1 5.2 24 -1 12.8 

1998 15 -3 15.4 29 -3 48.0 5 -1 23.0 5 -1 19.5 

1999 29 -4 8.5 10 -12 19.0 3 -12 19.0 3 -12 2.0 

2000 16 -11 47.0 14 -10 6.0 13 -3 17.4 13 -3 3.3 

2001 22 -3 22.0 8 -1 5.0 3 -3 24.8 3 -3 2.8 

2002 5 -3 15.0 16 -3 18.0 5 -3 30.0 5 -3 10.0 

2003 10 -11 8.5 30 -12 11.0 10 -11 9.6 10 -11 6.1 

2004 3 -11 12.0 30 -11 7.0 7 -7 25.0 7 -7 3.9 

2005 26 -2 15.0 22 -1 15.0 26 -2 25.0 26 -2 0.0 

2006 31 -10 6.5 29 -10 15.0 3 -2 30.0 3 -2 8.3 

2007 26 -4 8.0 26 -3 6.0 26 -4 10.0 26 -4 8.3 

2008 22 -1 14.0 6 -11 34.0 6 -11 30.0 6 -11 3.3 

2009 27 -11 12.5 27 -11 15.0 22 -12 31.0 22 -12 18.8 

2010 6 -4 13.0 23 -3 9.0 23 -3 28.0 23 -3 8.3 

2011 18 -1 7.0 18 -1 7.4 18 -1 4.0 18 -1 5.0 
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 السنة 

 النق ة عقلة بن جب ين  حائ  ال زالة 

 التاريخ

ك ية  

التس ب 

 )ملم( 

 التاريخ

ك ية  

التس ب 

 )ملم( 

 التاريخ

ك ية  

التس ب 

 )ملم( 

 التاريخ

ك ية  

التس ب 

 )ملم( 

1976 14-Nov 11.7 27-Mar 11.1 23-Jan 12.3 23-Jan 12.3 

1977 24-Oct 10.2 9-Nov 11.7 12-Nov 12.3 26-Mar 11.1 

1979 16-Apr 11.1 24-Oct 10.2 17-Jan 12.3 12-Nov 12.3 

1980 26-Nov 11.7 27-Nov 11.7 27-Nov 11.7 5-Sep 9.0 

1981 2-Oct 11.5 2-Oct 11.5 2-Oct 11.5 27-Nov 11.7 

1982 22-Apr 11.1 16-Apr 11.1 5-Sep 9.0 13-Nov 11.7 

1983 15-Apr 11.1 29-Apr 11.1 20-Apr 12.3 4-Jun 12.3 

1984 26-Nov 11.7 27-Nov 11.7 27-Nov 11.7 16-Oct 10.2 

1985 17-Nov 11.7 10-Nov 11.7 13-Nov 11.7 15-Apr 12.3 

1986 21-Apr 11.1 6-Apr 11.1 4-Jun 11.7 23-Mar 11.1 

1987 23-Oct 10.2 20-Feb 11.5 4-Oct 12.3 30-Mar 11.1 

1989 21-Feb 11.5 27-Jan 12.3 21-Feb 12.3 12-Mar 12.3 

1990 27-Jan 12.3 23-Mar 11.1 15-Apr 11.5 27-Nov 11.7 

1991 4-May 11.1 16-Nov 11.7 23-Mar 12.3 1-May 12.3 

1993 20-Mar 11.1 8-Nov 11.7 12-Aug 11.1 22-Dec 12.3 

1994 14-Apr 11.1 29-Mar 11.1 1-May 12.3 - - 

1998 15-Mar 11.1 10-Dec 12.3 12-Mar 12.3 - - 

2000 16-Nov 11.7 16-Mar 11.1 13-Mar 11.1 - - 

2001 22-Mar 11.1 6-Nov 11.7 3-Mar 11.1 - - 

2002 - - - - 3-May 11.1 - - 

2004 - - - - 7-Jul 7.8 - - 

2005 - - - - 26-Feb 11.5 - - 

2006 - - - - 2-Mar 11.5 - - 

2008 - - - - 11-Jun 11.7 - - 

2009 - - - - 22-Dec 12.3 - - 

2010 - - - - 23-Mar 28 - - 
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