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(2019) (18) s ¢ (1) 2

&opnT moseied Aaals il A ) )3 & lal) Alae

Al 5l IR — 5l el da s Janal (5_jentll daus giall dia 31 Al (1) Jsan

(2010 — 1973) dpalall dyza 5l

Year

Months

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

1973

12.9

9.0

16.4

15.8

204

26.8

26.3

255

15.9

23.3

19.9

13.6

1974

12.9

10.0

15.5

15.9

19.8

20.7

251

25.6

245

235

20.0

13.5

1975

14.2

12.8

153

17.3

17.9

21.3

24.7

25.0

24.4

23.2

17.5

15.0

1976

15.8

13.1

144

19.2

19.6

21.6

254

254

24.0

23.3

18.2

16.7

1977

143

16.0

17.8

18.2

23.5

28.7

26.9

28.2

26.8

22.8

18.4

14.6

1978

13.8

14.4

16.2

17.8

22.5

25.1

25.1

25.0

23.5

22.0

15.3

13.6

1979

15.9

155

16.8

18.1

20.1

24.2

255

26.4

24.6

21.5

174

144

1980

12.6

12.7

14.6

16.8

19.9

22.5

24.7

26.0

24.3

23.6

20.2

14.5

1981

11.8

12.7

16.2

19.1

20.3

24.5

26.2

26.7

24.9

23.6

18.0

15.9

1982

143

13.0

145

18.6

20.0

234

25.1

26.3

25.1

23.5

17.6

13.4

1983

11.6

11.3

14.0

17.7

21.0

23.6

25.7

26.3

24.7

21.3

19.5

14.5

1984

13.9

14.4

16.3

18.1

21.8

23.4

25.1

26.1

254

23.3

18.4

15.1

1985

14.5

14.7

16.2

19.5

22.5

25.2

25.9

25.8

24.3

22.1

19.8

15.9

1986

14.6

15.5

16.2

18.9

19.8

24.7

25.8

26.2

25.7

21.6

17.7

14.2

1987

13.7

143

135

16.9

20.1

22.9

253

26.7

25.0

215

17.3

16.2

1988

13.1

133

14.8

17.3

20.9

24.9

26.5

26.6

25.2

21.2

16.2

13.4

1989

12.2

13.0

15.2

19.0

21.0

23.4

25.0

259

25.8

21.2

17.6

15.2

1990

135

13.8

15.1

18.4

20.1

23.7

25.6

25.7

24.4

22.7

19.7

15.6

1991

13.4

13.8

16.7

18.7

20.5

23.5

24.6

26.0

24.0

22.8

18.0

12.6

1992

13.2

11.7

14.6

16.9

19.5

24.2

25.2

26.2

24.2

22.7

19.3

13.3

1993

133

12.7

144

18.7

20.1

24.0

25.6

25.7

25.5

23.7

19.4

16.3

1994

14.1

14.1

14.6

19.1

211

22.9

25.3

26.1

25.7

24.1

18.3

13.7

1995

12.4

13.8

154

16.4

195

25.6

26.7

26.9

26.0

22.2

17.0

15.0

1996

13.5

14.6

154

17.0

20.7

23.1

251

26.0

26.2

215

19.2

15.1

1997

14.2

13.4

144

16.2

20.1

24.3

26.3

26.0

24.3

21.9

18.1

15.1

1998

14.1

14.5

14.1

18.8

20.7

23.3

259

28.0

26.2

23.3

18.5

15.2

1999

14.4

14.0

15.9

18.0

21.7

245

26.2

26.7

254

23.7

19.7

15.7

2000

12.6

13.5

15.2

18.9

20.7

240

26.0

26.6

25.0

22.2

20.1

16.3

2001

14.9

14.6

17.3

18.6

20.8

23.2

25.9

27.0

26.2

22.7

18.7

14.2

2002

12.4

14.6

15.9

18.6

20.5

23.5

274

274

26.6

23.1

19.1

15.2

2003

15.0

12.6

13.7

17.3

21.8

24.2

271.2

26.9

25.3

23.3

19.4

15.0

2004

12.9

14.2

16.1

17.6

205

23.6

26.6

26.3

24.9

23.2

19.8

15.1

2005

14.1

13.5

15.9

17.7

20.8

234

255

26.8

25.7

22.7

194

14.9

2006

13.1

14.0

15.9

18.7

20.3

243

25.9

26.9

25.6

22.3

17.7

15.3

2007

13.9

144

16.4

17.3

211

24.3

26.1

26.6

25.1

23.0

18.7

15.1

2008

13.8

13.6

17.9

19.3

215

25.0

26.5

26.8

26.1

22.3

19.6

15.7

2009

14.7

14.5

15.3

17.9

20.2

248

26.3

26.4

25.8

235

18.9

16.3

2010

14.9

17.2

17.4

18.9

21.2

24.2

26.2

27.1

26.4

24.0

20.2

15.9
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Table (2) Forecasted monthly temperature mean of the future climate period (2011 - 2030)
(2030-2010) Aliinsal) 3yl JUA — 3 )) sl A 3 Jaxal (5 pedd) Jan gially Ll (2) J g2

Future Months

'Eegia(;;j Jan ‘ Feb ‘ Mar ‘ Apr ‘ May ‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec
g Adjusted Forecast

2011 1391 | 1458 | 1590 | 18.12 21.05 24.32 26.46 27.00 26.35 22.83 19.11 15.57
2012 1376 | 1486 | 1570 | 1853 20.75 23.97 26.28 26.95 26.50 22.89 19.34 15.47
2013 1393 | 1469 | 1593 | 18.16 21.08 24.34 26.52 27.06 26.50 22.85 19.17 15.63
2014 1377 | 1497 | 1573 | 1856 20.78 23.99 26.33 27.01 26.65 22.91 19.40 1553
2015 1394 | 1479 | 1595 | 18.19 21.10 24.36 26.58 27.12 26.65 22.86 19.23 15.69
2016 1378 | 1507 | 1575 | 18.60 20.80 24.01 26.39 27.08 26.80 22.92 19.46 15.59
2017 1395 | 1490 | 1598 | 1822 21.13 24.38 26.63 27.18 26.79 22.88 19.29 15.75
2018 1380 | 1518 | 1577 | 1863 20.83 24.03 26.45 27.14 26.94 22.93 19.52 15.65
2019 1397 | 1501 | 1600 | 18.26 21.16 24.40 26.69 27.24 26.94 22.89 19.35 15.82
2020 1381 | 1529 | 1580 | 1867 20.86 24.05 26.50 27.20 27.09 22.95 19.58 15.71
2021 1398 | 1511 | 1602 | 18.29 21.18 24.42 26.75 27.31 27.08 22.91 19.41 15.88
2022 1382 | 1540 | 1582 | 1870 20.88 24.07 26.56 27.26 27.24 22.96 19.64 15.77
2023 1399 | 1522 | 1605 | 1833 21.21 24.44 26.80 27.37 27.23 22.92 19.47 15.94
2024 13.84 15.50 15.85 18.73 20.91 24.08 26.62 27.32 27.38 22.98 19.70 15.84
2025 1401 | 1532 | 1607 | 1836 21.23 24.46 26.86 27.43 27.38 22.93 19.52 16.00
2026 1385 | 1561 | 1587 | 1877 20.93 24.10 26.67 27.38 2753 22.99 19.76 15.90
2027 14.02 15.43 1609 | 18.39 21.26 24.48 26.92 27.49 27.52 22.95 19.58 16.06
2028 13.87 15.72 15.89 18.80 20.96 24.12 26.73 27.44 27.68 23.01 19.82 15.96
2029 1403 | 1554 | 1612 | 1843 21.28 24.49 26.97 27.55 27.67 22.96 19.64 16.12

388




(2019) (18) e ¢ (1) 2= .g.az -seied daala Al g dne ) 3 o glall Alasa

2030 1388 | 15.83 15.92 18.84 20.98 24.14 26.79 27.50 27.82 23.02 19.88 16.02
(a3l eladaal) Julasi 6] aly) (el i 5 VA ) Lial) JA) Jars Gl 2

(3) dsa— (2010 — 1973) Faalall 5 5idll JI& 30 Jana (Somad) el ll sy o

Aie ) Aliaall & g3 a3 o A0l Vel s3ed plall slaiY) (0 0

gai 35l el Uil A ) Apldtial) Byl DA sl Al Jaes Gl o calial) dpie 3l Andial) £ 53 oty o

(s
Table (3) Time series data of monthly evapotranspiration rate (mm/month) of the baseline climate period (1973 -2010)
(2010 —1973) dpalall dpma al) Zpaliall 3yl IS — (5 el @il Al Jamal A 3l Aulidl (3) Jsoa
Year Months

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1973 93.3 66.4 143.5 138.0 173.0 198.9 193.1 178.6 130.8 137.6 98.1 81.2
1974 78.1 84.3 133.9 138.0 163.7 191.4 186.6 175.2 168.0 145.4 98.1 81.8
1975 80.9 88.5 125.6 144.0 162.4 180.9 196.5 174.8 173.1 143.8 90.9 80.3
1976 105.1 94.9 126.5 177.3 175.5 177.9 188.2 177.3 182.7 136.4 100.8 84.3
1977 95.5 96.3 124.0 161.4 191.3 218.1 189.1 190.0 175.2 134.5 98.7 79.7
1978 96.4 96.6 125.9 157.2 174.2 172.5 182.3 175.8 171.0 132.4 84.3 89.6
1979 99.2 97.2 132.7 148.8 176.7 191.4 187.2 188.2 173.1 135.8 93.3 79.4
1980 84.3 86.2 122.5 143.4 177.9 180.3 187.6 183.8 175.8 144.8 102.3 81.8
1981 79.4 87.1 123.7 156.9 176.4 186.6 191.0 184.5 177.6 139.2 94.2 90.8
1982 91.8 86.5 118.7 151.5 175.2 182.7 186.6 187.2 178.8 145.1 96.9 79.4
1983 77.8 80.4 117.2 150.3 179.8 185.1 190.0 183.8 178.8 128.7 101.7 86.8
1984 87.1 93.2 128.3 152.7 195.0 183.0 184.5 181.0 182.4 137.0 101.1 84.3
1985 90.8 935 126.5 158.1 193.1 195.6 188.8 181.4 173.4 130.2 101.4 86.2
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Year Months

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1986 90.2 98.6 126.2 156.0 173.9 196.2 193.1 186.9 184.2 134.5 94.5 81.2
1987 924 96.6 114.4 147.6 182.6 186.0 188.8 187.2 179.4 132.4 96.9 87.4
1988 86.5 87.4 124.9 147.6 182.6 198.3 197.5 188.2 181.5 132.4 91.2 80.3
1989 79.7 87.1 127.1 162.9 184.5 187.2 187.6 182.0 185.4 131.8 97.2 85.9
1990 85.3 89.3 120.9 153.0 175.8 188.7 191.6 180.7 176.1 138.0 106.5 90.5
1991 85.9 89.6 130.8 156.0 183.2 189.6 185.7 181.4 173.4 139.8 96.6 74.1
1992 81.8 80.4 119.7 147.9 170.5 192.9 186.9 182.6 173.1 143.2 100.8 79.7
1993 87.7 84.3 115.6 157.8 174.5 189.0 191.9 183.5 184.5 144.2 102.3 89.6
1994 89.9 92.7 119.7 166.8 186.9 181.5 193.1 188.2 185.4 145.4 96.0 80.0
1995 87.7 90.7 127.7 142.5 175.5 203.4 200.6 189.4 189.3 135.2 93.6 86.2
1996 89.6 94.4 124.9 144.3 183.2 183.6 188.8 184.1 194.7 133.9 98.4 89.6
1997 924 89.9 119.7 142.5 178.3 192.3 197.8 184.1 176.4 136.4 99.6 86.2
1998 89.3 91.6 119.4 159.6 182.9 185.7 192.5 194.7 189.6 141.4 99.9 82.2
1999 89.3 90.2 1265 151.8 185.4 190.8 195.3 188.8 183.6 142.3 1035 88.4
2000 81.8 88.2 123.4 159.6 180.4 186.3 193.4 187.9 180.0 134.9 103.5 89.9
2001 92.7 94.1 137.0 156.3 184.8 183.3 193.1 191.9 191.4 138.0 101.4 83.4
2002 82.8 92.4 126.8 153.9 180.4 183.0 205.2 191.9 194.7 141.1 102.6 87.7
2003 98.6 86.5 114.7 145.5 187.6 190.2 200.0 191.9 184.5 144.8 103.5 86.8
2004 85.9 921 128.3 151.5 181.4 187.8 199.3 186.3 181.2 140.4 103.5 85.3
2005 89.9 88.2 129.3 147.9 181.0 183.6 190.3 187.6 186.6 137.0 100.5 84.9
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Year Months
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2006 85.6 92.7 130.2 155.7 178.9 188.7 194.4 191.9 186.0 138.3 94.8 84.3
2007 88.0 91.0 130.8 143.1 1835 189.0 195.6 188.5 180.6 1411 104.1 87.1
2008 86.8 86.8 143.5 162.9 186.9 197.4 196.2 189.1 189.0 138.3 102.9 88.4
2009 95.5 96.3 124.9 148.5 174.8 193.8 195.0 185.7 183.6 146.0 99.0 90.5
2010 96.1 109.8 136.7 156.3 187.2 191.7 193.4 190.3 190.2 144.8 108.3 92.7
Table (4) Forecasted monthly evapotranspiration of the future climate period (2011 - 2030)
(2030-2010 ) Axlaiunal) 5 bl S — 7l A Jirad 5 pgedd) Janwsially L)) (4) Jsoa
Future Months
Period | Jan ‘ Feb ‘ Mar ‘ Apr ‘ May ‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov | Dec

(year) Adjusted Forecast

2011 89.6 93.2 127.1 151.5 185.7 190.8 197.5 191.0 190.5 140.1 103.2 89.6

2012 87.7 94.9 127.4 155.1 184.5 188.1 196.9 191.6 193.5 141.7 103.8 88.0

2013 89.6 935 127.4 151.5 186.3 190.8 197.8 191.6 192.0 140.7 103.5 89.9

2014 87.7 95.5 127.4 155.1 184.8 188.1 197.2 192.2 194.7 142.0 104.4 88.4

2015 89.6 94.1 127.4 1515 186.9 190.8 198.4 192.2 193.2 140.7 104.4 90.2

2016 87.7 95.8 128.0 155.1 1854 188.4 197.8 193.1 196.2 142.0 104.7 89.0

2017 89.6 94.4 127.4 151.5 187.6 190.5 198.7 192.8 194.4 1411 105.0 90.5

2018 87.7 96.3 128.0 155.4 186.0 188.1 198.4 193.8 197.4 142.6 105.3 89.6

2019 89.6 94.6 128.0 152.1 188.2 190.5 199.3 193.4 195.6 1411 105.3 915

391



(2019) (18) e ¢ (1) 2= .g.az -seied daala Al g dne ) 3 o glall Alasa

Future Months
Period | Jan ‘ Feb ‘ Mar ‘ Apr ‘ May ‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov | Dec
(year)

Adjusted Forecast

2020 87.7 96.6 128.0 155.4 186.6 188.4 199.0 194.4 198.6 142.6 105.9 89.9

2021 89.6 95.2 128.0 152.1 188.5 190.5 200.0 1941 196.8 141.7 105.6 91.8

2022 87.7 96.9 128.0 156.0 187.2 187.8 199.6 194.7 199.8 143.2 106.2 90.5

2023 89.6 95.5 128.0 152.4 188.8 190.5 200.6 194.4 198.0 141.7 106.5 92.1

2024 | g77 | 974 | 1283 | 1560 | 187.9 | 1878 | 2003 | 1953 | 201.0 | 1432 | 107.1 | 90.8

2025 | 899 | 958 | 1280 | 1524 | 189.4 | 1905 | 201.2 | 195.0 | 199.2 | 142.3 | 1068 | 92.7

2026 | @77 | 977 | 1287 | 156.0 | 1882 | 188.1 | 200.6 | 1959 | 202.2 | 1435 | 1074 | 91.1

2027 | 899 | 963 | 1287 | 1524 | 190.0 | 1905 | 201.8 | 196.2 | 200.7 | 142.3 | 107.1 | 93.0

2028 | g77 | 980 | 128.7 | 1560 | 1888 | 188.1 | 2009 | 1965 | 2037 | 1438 | 107.7 | 915

2029 | 899 | 966 | 1287 | 1524 | 190.3 | 190.8 | 202.4 | 1965 | 201.9 | 142.9 | 1080 | 933

2030 | 880 | 986 | 129.0 | 1563 | 188.8 | 188.1 | 2015 | 197.2 | 2049 | 1442 | 1083 | 921

() s 558 DA ) Lldiesal) jUaaY) Joghos ¥ a2e Gilaa 3

(5) dsax— (2010 — 1973) dpalall 5yl Ja HUael) Lo i Jane Slan¥) malill Jaxi o

riall A 3 Adisall & 53 a3 o5 jUael) o gie ¥l pladl sl (e o

(6)Jds3>— (2030-2010)  Abiiwall jUae) Lo i ¥ aee Grad ¢ Cauliall 43l Aulisdll £ g5 aladiils o
Lbial) (4l pUad A i A1) ER Addadl) jUaal) daS caaad ]
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Table (5) Time series data of monthly precipitate rate (mm/month) of the baseline climate period (1973 -2010)
(2010 — 1973) dudalall dana yal) Lalial) 3 ) JUA — jUaa¥) Ja gho Janal (g ygdil) Jos ial dia 311 dalead) (5) g2

Year Months

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1973 17.7 0.3 19.3 0.0 0.6 0.0 0.0 0.0 0.0 1.6 58.1 6.3
1974 102.4 217 19.9 9.6 0.0 0.0 0.0 0.0 22 0.0 74 429
1975 6.7 155 33 2.0 01 0.0 0.0 0.0 0.0 0.0 4.6 26.6
1976 28.0 18.9 74 2.9 8.5 0.0 0.0 0.0 305 55 51 0.6
1977 54 35 25.2 54 2.7 0.0 0.0 0.0 0.2 8.4 7.7 121.8
1978 58.0 0.5 25.7 32 0.0 0.0 0.0 0.0 2.8 2.2 38.9 75
1979 0.7 4.8 13.0 0.0 0.3 0.0 0.0 0.0 0.0 325 27.6 534
1980 10.4 49.1 6.2 16.2 0.0 0.0 0.0 0.0 0.2 0.0 0.0 31.7
1981 40.0 219 15 0.6 0.0 0.0 0.0 0.0 0.0 0.3 184 0.0
1982 4.1 48.8 13.0 0.3 1.0 0.0 0.0 0.0 7.1 0.0 7.1 234
1983 112.3 26.4 6.1 0.0 0.0 0.0 0.0 0.0 0.0 0.5 6.9 15.2
1984 20 5.6 25 0.8 0.0 0.0 0.0 0.0 0.0 0.0 6.1 274
1985 14.5 43.9 5.8 4.1 0.5 0.0 0.0 0.0 0.0 6.1 31 6.4
1986 1.8 12.5 11.2 0.0 925 0.0 0.0 0.0 23 0.5 28.5 31.0
1987 11.7 8.9 14.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.6 1.0
1988 21.1 37.1 11.2 2.3 0.0 0.0 0.0 0.0 0.0 54.9 16.0 40.9
1989 65.0 221 10.2 0.0 0.0 0.0 0.0 0.0 0.0 136.2 14.7 8.9
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Year Months

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1990 37.6 323 9.1 1.0 13 0.0 0.0 0.0 0.0 0.3 135 30.0
1991 27.2 125 7.1 15 2.3 0.0 0.0 0.0 0.0 0.0 29.7 475
1992 56.1 50.6 15 57.9 0.5 0.0 0.0 0.0 0.0 0.0 18.5 74.9
1993 4.8 64.5 13 0.0 1.0 0.0 0.0 0.0 0.0 0.5 27.7 27.7
1994 100.6 5.6 101.1 37.8 0.3 0.0 0.0 0.0 0.0 0.0 92.0 64.5
1995 0.0 36.3 8.6 10.2 4.1 0.0 0.0 0.0 0.0 216 19.3 0.0
1996 424 43 135 11.2 0.0 0.0 0.0 0.0 0.0 231 18.0 6.9
1997 26.4 17.3 17.5 3.8 0.5 0.0 0.0 0.0 53 39.9 12.2 132
1998 14.2 40.4 23.1 1.0 7.1 0.0 0.0 0.0 0.0 13 21.6 40.1
1999 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 38 16.0 8.6
2000 60.2 13.7 8.9 13 0.0 0.0 0.0 0.0 14.7 13.0 26.9 54.6
2001 19.1 14.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 13.2 231 28.2
2002 58.7 7.6 0.0 11.2 0.0 0.0 0.0 0.0 0.0 69.8 23 30.7
2003 12.7 46.2 29.2 0.0 0.0 0.0 0.0 0.0 0.0 0.5 14.7 57.2
2004 33.8 20.3 20 3.6 0.0 0.0 0.0 0.0 0.0 0.0 11.9 224
2005 40.4 135 5.6 48 0.0 0.0 0.0 0.0 0.0 51 03 3338
2006 51.8 11.4 3.6 0.0 0.8 0.0 0.0 0.0 0.0 13 16.8 29.0
2007 21.3 15.2 8.6 2.0 4.1 0.0 0.0 0.0 1.0 0.0 8.1 202.7
2008 69.1 29.2 7.1 2.0 13 0.0 0.0 0.0 0.0 13.2 0.3 15.0
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Year Months

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2009 2.0 40.2 175 0.3 0.0 0.0 0.0 0.0 0.0 6.9 30.0 12.7
2010 6.1 9.9 1.0 0.0 52.1 0.0 0.0 0.0 0.0 5.3 0.0 12.7

Table (2) Forecasted precipitation rate of future climate period (2011 - 2030)
(2030-2010) Asliianal) 5 580 SN — jUaa¥) Ja ghes Jarad (5 pgecid) Jas gially L) (6) J92>

Future Months
Period Jan | Feb ‘ Mar ‘ Apr ‘ May ‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘ Nov ‘ Dec
(vear) Adjusted Forecast

2011 20.11 22.55 11.91 5.21 6.66 0.00 0.00 0.00 0.27 12.71 14.99 34.52

2012 37.57 28.55 12.02 6.30 6.71 0.00 0.00 0.00 0.78 10.99 15.24 64.36

2013 19.87 22.93 11.95 5.29 6.85 0.00 0.00 0.00 0.18 12.54 14.78 35.38

2014 37.34 29.02 12.06 6.38 6.91 0.00 0.00 0.00 0.69 10.81 15.03 65.95

2015 19.64 23.31 11.99 5.37 7.04 0.00 0.00 0.00 0.09 12.36 14.57 36.25

2016 37.10 29.49 12.10 6.46 7.10 0.00 0.00 0.00 0.60 10.64 14.81 67.54

2017 19.40 23.69 12.03 5.45 7.24 0.00 0.00 0.00 0.00 12.19 14.36 37.11

2018 36.86 29.97 12.14 6.54 7.29 0.00 0.00 0.00 0.51 10.47 14.60 69.14

2019 19.16 24.06 12.07 5.53 7.43 0.00 0.00 0.00 0.00 12.02 14.15 37.98

2020 36.63 30.44 12.18 6.62 7.48 0.00 0.00 0.00 0.42 10.30 14.39 70.73

2021 18.93 24.44 12.11 5.61 7.62 0.00 0.00 0.00 0.00 11.85 13.94 38.84

2022 36.39 30.91 12.22 6.70 7.67 0.00 0.00 0.00 0.33 10.12 14.17 72.32
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Future Months

Period Jan Feb Mar | Apr | May | Jun | Jul | Aug | Sep Oct Nov Dec

(\par)

2023 18.69 24.82 12.15 5.69 7.81 0.00 0.00 0.00 0.00 11.67 13.73 39.71

2024 36.15 31.39 12.27 6.78 7.86 0.00 0.00 0.00 0.24 9.95 13.96 73.92

2025 18.45 25.19 12.19 5.77 8.00 0.00 0.00 0.00 0.00 11.50 13.52 40.57

2026 35.92 31.86 12.31 6.86 8.05 0.00 0.00 0.00 0.14 9.78 13.74 75.51

2027 18.22 25.57 12.23 5.85 8.19 0.00 0.00 0.00 0.00 11.33 13.31 41.44

2028 35.68 32.33 12.35 6.94 8.24 0.00 0.00 0.00 0.05 9.61 13.53 77.11

2029 17.98 25.95 12.27 5.93 8.38 0.00 0.00 0.00 0.00 11.16 13.10 42.30

2030 35.44 32.81 12.39 7.02 8.43 0.00 0.00 0.00 0.00 9.43 13.31 78.70

bl ey Lae ¢ sl Al Jane Jsanall Jalra Lal (Y1 :(WCR) el Adiiaal) Adlal) claliay) clua 2
(7- Jsan) geadll dlisinnall dilal) ilalia¥) Clus

((Aadd) Jalually .. el do),5 ddad)  Adical) (ilall jaad) i 3
ARIEESE . =ER-(WCR) = il Jildl jaall

(7- ) gealll J guanal obsall 4l Jalaa Ay 1 Aiwal) dlal) Jaad) Cidal 4
water wheat crisis index ( WW(CI)
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Table (7) Forecasted water requirements and yield of wheat
(under optimal and rainy irrigation)
Jdyasall jliba g zradl) J gpuasal Agilall clalaaly (7) ds>
bl g g el gl gk cal

Future _ Wheat \_(ield N
Period WR Eff. rain Ton grain /ha WWCl Water CI‘.ISIS
(year) mm mm Under Categories
WOl WIC
2011 249.9 92.40 8.84 1.02 8.67 Crisis
2012 219.1 140.5 8.85 2.82 3.14 Low Problem
2013 250.2 93.40 8.88 0.72 12.33 Disaster
2014 219.6 142.00 8.90 2.82 3.16 Low Problem
2015 250.6 94.30 8.93 0.79 11.31 Disaster
2016 220.1 143.10 8.95 2.90 3.09 Low Problem
2017 250.7 95.10 8.98 0.80 11.23 Disaster
2018 220.5 145.0 8.80 3.03 2.90 Low Problem
2019 251.2 95.90 8.84 0.73 12.11 Disaster
2020 221.1 146.30 8.86 3.08 2.88 Low Problem
2021 251.7 96.70 9.06 0.87 10.41 Disaster
2022 221.5 147.80 9.07 3.45 2.63 Low Problem
2023 247.6 97.70 9.09 0.89 10.21 Disaster
2024 222.0 149.40 9.11 3.52 2.59 Low Problem
2025 248.1 98.60 9.15 0.90 10.17 Disaster
2026 222.4 150.70 9.15 3.58 2.56 Low Problem
2027 248.5 99.30 9.18 0.92 9.98 Crisis
2028 222.5 152.10 9.20 3.49 2.64 Low Problem
2029 248.5 100.20 9.01 0.93 9.69 Crisis
2030 | 2228 | 15350 | 9.02 | 3.56 2.53 Moderate
Problem

() WR zaidll Jsanal Ll cilalinyl o

() Eff. Rain Jxall jhadl o

@.A;Jﬁﬁdﬂ\)éw\ LS,)M uJJLtL\;SWOI caﬂ\ dj.\.a;.n‘)bin 1o
(Al sl

w;}}ﬁ&ﬁ\)&)&d\ e gl asiWIC C_&\ Jypana Hasa o

(Al sl

WWCI : water wheat crisis index gl J sasal sbuall da i Jalas

Water Crisis Categories &slall 4 )3 ddiaill 45 )l o

o
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Water Crisis and Water Requirements of Wheat Cultivated
at The Northern West Coast (Egypt )

Abstract

This study links climate changes to the future water
requirements of rainfall cultivated — wheat crop at Northern West
Coast (Egypt). The North Western Coastal Region (NWCR) of Egypt
is one of the most promising areas for agricultural development. It
extends from Alexandria in the east to Sallum in the west with about
500 km width and about 40 km depth, between longitude 29° 50 00”°
and 25° 10’ 00 E and latitude 30° 50° 00’ and 31° 10’ 00°* N.

The adaptation strategies, for water requirements of sustainable
rainfall agriculture on (NWCR) region, requires the forecasting of the
agroclimate changes that are expected to intensify the existing risks
of the current water scarcity. Monthly precipitation and temperature
rates (Mersa Matruh, Egypt, Weather Station, 2011) were used to
calculate the potential evapotranspiration rates (ET,). These
agroclimatic data represented the baseline climate period (1973 -2010)
to forecast (ET,) and water requirements of wheat that may be
cultivated of , through the future period (2011 -2030) , at the Northern
West Coast (Egypt) . The agroclimatic data are usually sever from
seasonal variations that are termed, from the view of times series
concept, as seasonal effects. So, they were arranged as stock series to
remove partially the seasonal effects.

The results of the times series analysis showed that the
forecasted precipitation rate, of future period, had a general mean of
(13.46 mm/month) . December months are characterized by maximum
value (78.70 mm/month at 2030), while months of July June and
August have not precipitation. In addition, the obtained results
indicated that the forecasted evapotranspiration rate, of the future
period, that had averaged value of (147.7 mm/month) . The highest
values of evapotranspiration rate are September months, with maximal
value (204.9 mm/month) in 2030. On contrary, months of January are
characterized by the lowest evapotranspiration rate month, with
minimal value (87.7 mm/month) that will dominate through various
years; 2012, 2014, 2016,2018, 2020 , 2022, 2024, 2026 and 2028 .
The forecasted values of (ET,) and well known crops factor (Kc)
enabled to calculate the net irrigation water requirements of wheat,
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that may be cultivated through the future period (2011-2030) at the
studied .

In addition, the results showed that the minimal wheat water
requirement and effective rain were 219and 92.40 for the years of
2012 and 2011 , respectively. It was forecasted that wheat crop will
need 250.7 mm /season , as maximal net irrigation requirement , to be
cultivated ( in 2017 ) at the studied region .Then ,the forecasted
precipitation rates (P) , and net water requirements (NWR) enabled to
assess the effective rain and water wheat crises index (WCR) . This
study formulated a conventional water wheat crisis index (WWCI)
that relies the wheat yields, at certain region, under optimal (WOI )
and rainy cultivation (WRC) , respectively :

WWCI = (WOl ) / (WRC)

Four water crisis categories were assigned to (WW(CI); disaster , crisis
, moderate and low problem for (WW(CI) values more than 10, (7.5 -
10 ) , (5-7.5 ) and less 5, respectively .The values of (WWCI)
predicated that the (NWCR) will face wheat water disaster at the
years of 2013, 2015, 2017, 2019 and 2021, wheat water crisis at the
years of 2011, 2023,2025 , 2027 and 2029. Wheat water- moderate
problem may only occur at the year of 2030. Wheat water- low
problem is expected through the years of 2012 , 2014 ,2016 ,2018
,2020, 2022 ,2024 ,2026 and 2028 .

These results aim to assist stakeholders as they take up the
adaptation challenge and develop measures to reduce the economic
and environmental vulnerability of this sector of Egypt.

Keywords : climate changes , adaptation , water scarcity, time series ,
net water requirements ,wheat yield , and water wheat crisis index
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