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1.42 | 12.00 | 13.47 | 0.95 | 12.00 8.97 0.53 | 12.00 4.73 Jasu gl)
1.42 | 12.05 | 15.37 | 0.94 | 12.05 9.87 0.56 | 12.05 6.19 Jau o)
0.34 9.94 11.87 | 0.31 9.94 7.67 0.22 9.94 5.22 sl il 2 i)
-0.12 | 0.80 0.46 0.02 0.80 0.41 0.26 0.80 0.84 &) i) Jalza
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SPI (raabill shaal) Sl aladiiaady 5 jiad) Sgau (b iliall a5 Alal) Jala)

& el

A ) Ailaiay — | — i) By — | — ciliad) Lalsicd g — M — cilial) ab g (g -24) Jsa

(2-) SUEBY) (5 fun Ayl M (1.5-) gUBY) (5 fun Ayg) 300 (1-) BUEY) (s gisa D5l 300 ol

| L M | L M | L M
1.88 | 23.00 | 22.07 | 1.38 | 23.00 | 13.12 | 0.88 | 23.00 10.11 dagd o)
0.48 1.00 1.60 0.49 1.00 1.10 0.14 1.00 0.60 Aad et
1.60 8.00 8.23 1.10 8.00 6.37 0.64 8.00 5.21 Jasu gl
1.40 9.31 10.76 | 0.95 9.31 6.99 0.60 9.31 4,74 Lo gl
0.45 7.65 7.79 0.36 7.65 4.66 0.24 7.65 3.64 g Jral) il A
-0.67 | 0.53 0.26 -0.14 | 0.53 0.04 | -0.58 | 0.53 0.24 ) i) Jalza

(2-) EUBY) (s g aila 252 (1.5-) £UEY) (5 sisa a2 252 (1-) EUBY) (s giuna pild 352

| L M | L M | L M
1.90 | 36.00 | 50.98 | 1.40 | 36.00 | 32.98 | 0.90 | 36.00 22.71 dad e
0.88 1.00 1.26 0.38 1.00 0.76 0.22 1.00 0.26 PO sy
1.42 9.00 12.82 | 0.92 9.00 8.09 0.48 9.00 3.64 Jau gl
1.46 | 10.11 | 13.41 | 0.98 | 10.11 9.04 0.55 | 10.11 5.37 Ja o)
0.29 | 9.64 | 12.07 | 0.25 | 9.64 | 829 | 0.22 | 9.64 6.02 | @l iy
-0.28 1.30 1.48 -0.13 1.30 1.36 0.18 1.30 1.92 o) 5 Jalza

(2-) EUBY) (s gina 93 (1.5-) gUBY) (g giesa yg 3 (1-) gUBY) s giana g3

| L M 1 L M | L M
1.98 | 32.00 | 36.93 | 1.48 | 32.00 | 21.07 | 0.98 | 32.00 15.51 dad o)
0.64 1.00 1.60 0.30 1.00 1.10 0.28 1.00 0.60 FON: sy
152 | 550 | 755 | 1.02 | 550 | 4.86 | 0.55 | 5.50 2.91 Jaseu gl
1.48 9.40 11.07 | 1.02 9.40 7.06 0.62 9.40 4.49 Ja o)
0.40 9.63 9.86 0.34 9.63 5.87 0.22 9.63 4.15 s Jal) il ai)
-0.73 1.13 1.17 -0.43 1.13 1.01 0.17 1.13 1.42 £ 5N Jalza
(20) EUSEY) s sinn 51 ikl gy | ) EEEY “:“(‘; S L L B i A R

| L M | L M | L M
2.00 | 26.00 | 33.17 | 1.50 | 26.00 | 20.29 | 1.00 | 26.00 11.59 dagd s
0.64 | 1.00 1.61 | 0.23 | 1.00 1.11 | 0.17 | 1.00 0.61 dad S
1.35 | 10.00 9.42 0.85 | 10.00 4.86 0.47 | 10.00 2.94 Jasu gl
1.38 | 10.21 | 12.15 | 0.89 | 10.21 7.21 0.52 | 10.21 3.92 Ja o)
0.39 | 874 | 10.41 | 037 | 874 | 622 | 0.25 | 8.74 3.17 | gl iy
-0.10 | 0.65 1.01 0.07 0.65 1.17 0.70 0.65 1.23 £ g Jalza
(2-) BB s gina bl dbaa | (1.5-) pUSBY) (g giesa (il b Abina (1-) §UaBY) (s sana (o) ks Ayt

| L M | L M | L M
2.00 | 31.00 | 28.94 | 1.50 | 31.00 | 18.25 | 1.00 | 31.00 19.17 FON] =)
0.58 1.00 0.78 0.27 1.00 0.28 0.13 1.00 0.13 Aad i)
155 | 3.00 | 440 | 1.05 | 3.00 | 3.15 | 0.59 | 3.00 2.06 Loy o1l
1.43 6.59 7.67 0.97 6.59 5.19 0.60 6.59 3.69 Jau gl
043 | 762 | 714 | 038 | 762 | 511 | 0.26 | 7.62 4.60 | el Gl oY)
-0.38 1.71 1.12 -0.34 1.71 1.27 -0.15 1.71 2.18 ) i) Jalza
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SPI (raabill shaal) Sl aladiiaady 5 jiad) Sgau (b iliall a5 Alal) Jala)

& el

A ) Aty | — Gl 5adiy — L — ciliad) daliiad s — M — cilial) o sy ((2-24) Jss

(2-) gUY) s a0 A (1.5-) UV (s sinna llsz 0 A1 (1) EUEEY) s siann (Alga 0 & el
| L M | L M | L M
2.00 | 31.00 | 26.54 | 1.50 | 31.00 | 22.74 | 1.00 | 31.00 25.68 dad o)
0.48 1.00 0.96 0.23 1.00 0.46 0.17 1.00 0.30 dagd &)
1.51 4.50 8.69 1.01 4.50 4.52 0.56 4.50 2.44 o gl
1.48 6.74 8.45 1.02 6.74 5.72 0.61 6.74 3.86 gl
0.40 7.05 7.17 0.35 7.05 5.35 0.26 7.05 5.12 s Jbral) ) aiY)
-0.63 1.64 0.70 | -0.41 1.64 1.30 | -0.01 1.64 2.99 o) i Jalza
(2°) BB s sna Aasid (1.5-) EUEY) 5 ghsa nsid (1-) EUEY) 5 e Ansid
| L M | L M | L M
2.00 | 61.00 | 68.79 | 1.50 | 61.00 | 40.21 | 1.00 | 61.00 28.15 dad o)
0.74 | 1.00 | 1.16 | 033 | 1.00 | 0.66 | 0.10 | 1.00 0.16 dad )
1.55 4.00 5.13 1.05 4.00 3.13 0.58 4.00 1.59 Jas gl
1.50 | 10.12 | 12.13 | 1.01 | 10.12 7.45 0.61 | 10.12 4.90 a5l
0.37 | 1496 | 15.76 | 0.35 | 14.96 9.24 0.26 | 14.96 6.91 s Jbral) Gl i)
-0.38 2.45 231 | -0.26 | 2.45 2.18 | -0.30 | 2.45 2.37 &) 5N Jalaa
(2-) BB (s sisa Gyl sl laa (1.5-) gUY) (5 slasa b sk jlhaa (1) EUBY) (s giana Qpalil sl e
| L M | L M | L M
1.97 | 61.00 | 69.10 | 1.47 | 61.00 | 47.74 | 0.97 | 61.00 34.28 dad &)
0.77 1.00 1.88 0.44 1.00 1.38 0.14 1.00 0.67 dad il
1.60 7.00 10.02 | 1.10 7.00 5.97 0.62 7.00 2.56 Loy gl
1.51 | 10.48 | 13.25 | 1.05 | 10.48 8.95 0.65 | 10.48 5.80 a5l
0.39 | 13.30 | 1541 | 0.34 | 13.30 | 10.68 | 0.25 | 13.30 7.59 gl Q) AN
-0.47 2.73 252 | -0.34 | 2.73 2.54 | -0.35 2.73 2.71 &) gl Jalea
(2-) B (s gicua &y salal) (1.5-) EUBY) (5 giua Ay palal) (1) EUBY) (5 giana 4y palal)
| L M | L M | L M
1.99 | 43.00 | 53.25 | 1.49 | 43.00 | 33.35 | 0.99 | 43.00 23.98 dad o)
0.80 1.00 1.31 0.47 1.00 0.81 0.18 1.00 0.31 dad sl
1.65 4.00 7.23 1.15 4.00 4.74 0.69 4.00 2.61 o gl
1.56 9.93 12.23 | 1.08 9.93 7.89 0.66 9.93 5.05 Jacu g
0.38 | 11.58 | 12.74 | 0.35 | 11.58 8.08 0.26 | 11.58 6.25 @ Jhal) Gl )
-0.62 1.40 1.46 | -0.42 1.40 1.44 | -0.33 1.40 2.05 &) i) Jalza
(2-) EUBY) (5 giosa Aarl) (1.5-) gUBY) (5 gioua Auarl) (1-) gL (g gicsa dual)
1 L M | L M | L M
1.96 | 39.00 | 45.64 | 1.46 | 39.00 | 28.02 | 0.96 | 39.00 19.91 dad o)
0.76 1.00 1.47 0.33 1.00 0.97 0.20 1.00 0.47 dad sl
1.53 7.00 9.80 1.05 7.00 5.38 0.59 7.00 3.04 Jagua gl
1.47 9.13 10.87 | 1.00 9.13 6.90 0.62 9.13 4.55 Lo gl
038 | 982 | 9.85 | 035 | 9.82 | 6.16 | 0.23 | 9.82 4.48 | el Gl Y
-0.36 1.82 1.75 | -0.26 1.82 1.71 | -0.08 1.82 1.83 &) i) Jalza
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SPI (raabill shaal) Sl aladiiaady 5 jiad) Sgau (b iliall a5 Alal) Jala)

& el

A Al Aty — | — Cildad) Badig — | — Ciliad) dalxind g — M — Cilial) ad gy (0-24 ) Joi>

(2-) SUEY) (5 gnn A3 5al) (1.5-) gUaBY) 5 giaa A3 5al) (1-) BUaBY) (s gisa A3l el

1 L M 1 L M 1 L M
1.85 | 49.00 | 52.05 | 1.35 | 49.00 | 31.56 | 0.85 | 49.00 21.11 dad o
0.90 | 1.00 1.78 | 0.51 1.00 1.28 | 0.10 | 1.00 0.78 dad A
145 | 11.00 | 12.75 | 0.96 | 11.00 | 7.83 | 0.51 | 11.00 3.56 oy gll
1.46 | 14.57 | 18.25 | 0.98 | 14.57 | 11.68 | 0.54 | 14.57 6.43 Ja gl)
0.30 | 14.72 | 16.06 | 0.27 | 14.72 | 10.11 | 0.22 | 14.72 6.33 s Jbrall L) a3
-0.26 | 1.29 0.80 | -0.15 | 1.29 0.72 | -0.12 | 1.29 1.12 £ 5 Jalaa

(2-) EURBY) (5 gona p3il) iy (1.5-) gUaBY) (5 ghna pil) i (1-) gUBY) (s giuua a1 iy

| L M | L M | L M
1.98 | 59.00 | 59.80 | 1.48 | 59.00 | 44.76 | 0.98 | 59.00 37.34 dad o
0.75 1.00 1.53 | 041 1.00 1.03 | 0.22 1.00 0.53 dad A
143 | 7.00 | 10.88 | 0.93 | 7.00 7.21 | 0.55 | 7.00 3.82 Jasu gl
1.44 | 10.07 | 12.51 | 0.97 | 10.07 | 8.40 | 0.58 | 10.07 5.57 Ja gl
0.31 | 11.92 | 11.92 | 0.28 | 11.92 | 8.70 | 0.21 | 11.92 7.30 el i )
-0.21 | 3.01 2.61 | 0.08 | 3.01 3.03 | 0.24 | 3.01 3.49 £ i1 Jalaa

(2-) ELEY) (s giwa Ay ) (1.5-) gUY) (5 gina Ayl M) (1-) EULBY) (s giwa Ay 31

| L M I L M 1 L M
192 | 62.00 | 66.79 | 1.42 | 62.00 | 38.99 | 0.92 | 62.00 18.15 dad o
0.38 | 1.00 192 | 036 | 1.00 1.42 | 0.19 1.00 0.74 dad Sl
1.60 | 6.00 | 10.54 | 1.10 | 6.00 7.54 | 0.60 | 6.00 4.54 o gll
1.44 | 11.31 | 13.73 | 099 | 11.31 | 8.84 | 0.60 | 11.31 5.11 gl
0.47 | 15.84 | 16.89 | 0.38 | 1584 | 9.75 | 0.27 | 15.84 4.74 gl Gl
-1.04 | 3.14 295 | -046 | 3.14 278 | -0.40 | 3.14 1.93 ) i) Jalza

(2-) WY (s gina i (1.5-) EUBY) (5 giana ol S (1-) EUBY) (s gina g

| L M | L M | L M
1.96 | 32.00 | 47.26 | 1.46 | 32.00 | 31.76 | 0.96 | 32.00 22.83 dad o
0.93 1.00 1.59 | 0.55 1.00 1.09 | 0.16 | 1.00 0.59 dad A
1.58 | 11.50 | 13.74 | 1.08 | 11.50 | 8.68 | 0.62 | 11.50 3.93 Jasu 5l
1.49 | 13.25 | 17.35 | 1.03 | 13.25 | 11.81 | 0.62 | 13.25 7.56 Jaa gl
0.34 | 11.01 | 12.89 | 0.28 | 11.01 | 8.89 | 0.20 | 11.01 6.74 s Jbrall L) a3Y)
-0.57 | 0.67 0.70 | -0.37 | 0.67 0.67 | -0.42 | 0.67 0.94 ) i) Jalza

(2-) EUBY) (5 ghuaa sl (1.5-) gUaBY) 5 houa g} (1-) EUBY) (5 ghuaa Sl sl

| L M I L M 1 L M
1.96 | 51.00 | 40.32 | 1.46 | 51.00 | 27.50 | 0.96 | 51.00 37.66 dad o
0.64 | 1.00 1.59 | 0.45 1.00 1.09 | 0.25 1.00 0.59 dad Sl
159 | 750 | 12.30 | 1.09 | 7.50 8.44 | 0.67 | 7.50 4.19 L gl)
1.54 | 10.75 | 13.41 | 1.06 | 10.75 | 8.92 | 0.63 | 10.75 6.08 Jai gl)
0.34 | 11.89 | 10.32 | 0.30 | 11.89 | 6.79 | 0.21 | 11.89 7.56 gl Gl Y
-0.97 | 2.22 1.28 | -0.58 | 2.22 130 | -0.18 | 2.22 3.20 £ 5N Jalaa
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Jase &) als) Lsie 35 0sde 30 510 on W (Runoff) gload) sl alend a8
Ao i Jlad) 13 & cyal duly AT 8 (1030= 2003¢ alkll)
(ead o 2ad)3a osle 220 sy Al 3 dc)ly AV
Bolaa) Jos 8 A sall oluall il DG ¥ axa Ll (218 (201995 il il

Glihall el ol LeeSa Lo by Cagpla (e aal Las a2l
G alaiad L e Appdas e dpnpla Cagyl llin oY) diganl) e Xgal
LS L A )lael) dealioe Lo um (g CalAS Ayl dihaie T (e Juad 8
HARTT galiny e Aailil) Alany) LN il o BaY (i
:(HARTT) 4ia)l) clalasyly jUaad): Alad) sl Judas
Hydrograph Analysis: Rainfall and Time Trends:

Jalail 3apas dilian) 45k 2@y (2001) ale (5,315 Ferdousian Al
Hydrograph Analysis :Rainfall and ) = (HARTT) (eni AWl sl
Cumulative deviation )(CDFM) du& e 44l o2a aiius (Trends Time
bgu buge oo S Gla) ki & Euac (from mean rainfall
ol s 5dy 2001 Ferdousian s Mccarran DA (e (CDFM) syl
HARTT el Gob oo ool claladly HladY) bghuy Al Jadail

.(CSIR0,2010,P27)

L& o (CDFM) el hagiu Jaugie o STl CalaiVl iy

b s sl e s o ) b il lealadin) S Alay dples
any a5 csannall Al 35l Al Aledl) ) dad (e pad) saall e Jausgial)
Gl G o Ly ¢(80) JSG kil asdadd awy (A aSh JSE GldaY)
Dae¥) Tgie gy o) ) daey (Sl sy IS8 (8 Tausiall 38 UaaY) Lasia
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Asall oLl 7 35a) 8Sae 2285 Lo 13y - Jand ) Jray sy JS8 8 el (950
Lot Al it e o melill 1 dexdidll dallly HARTT

DYl a5l alay aaidl laadV) Jilas aadiey 4l ) diLaY L (CDFM) 8
D) Jagin e Alalall s5l) QIS Al s gall el olad¥) e 5L

(Yesertener ¢,2008,p3).4u sall sladll (s5iua o Loyl

Oms Oadd) e i il Gy el e 50 diphl) sda e
Ferdowsian ) dgie)ll 55l Jsha o ddsall sludl Cosuiad ulal) olany)
50 Cadld o laje s 4l Judlad) bl Jilas calld ) +(et.2009.p.3061
8y Sies daliiia (o 1Y Adsall ol Dligise (B amsgall Cplil) Gamy m0d e
S OUaeY) gl 83LEN Caal) s (oolll) RV i Y Lglh Gl sy
Gl sl Aluds & daaly a0l Adaall e Lol )
.( Ferdowsian et al.2001b, p.549)

Evapotranspiration =i ,adll ,lael) 4 L Y HARTT z=bn ¢
G sl SV 8 el dsall ol ) 3hlial 8 iy Cuml) 13y
O A o Yz asaill ) cbaiall e ) ddlas) Gl o5 ge S8 Ledlac]
G ol e i (Sonell momlly Sl Jaee o ey 13 Ailaiall Cayp
3 (4o (38adll & a8l .(Yohannes Yihdego.pp96-99) «dusall sl (g5t
(LLEmelyanova,R et « (Al zili (e cila e se diilsie CulS (HARTT gl
al,2013,P336)
(AARR) Zégall dysidl 5UadY) oS5 luad HARTT maliy Gabii o5 2l
gl ¢(25) Jsas 8 L& pliall Jou Ailaiay Leildlaal im0 39 e
g sall slaal) iy clS My HUadY) ol o s3xm s (,180-30) o Ledlec]

el 5adiy 5 saall Jsh Cus e Ly Led GRS Apie) Judle JSB e
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HARTT geabis plaialy — Ly 8 jliad) Jgan (o A8 sadl olsal) iy giaa g sl G AB3Mall luaay) Jlatl

o) Juadl)

Leiiian) g 5 Ll Jguw ABlatay Al jall 5 jl5dal) LY eland (25) Jgsa

o &Li: Bril

(p) @) (8) A gl waadl B il Jskll ha Sl e Sadeass
33 262.77 32.3039 13.0110 e sl 1
93 34.43 32.8102 13.2189 5 o 2
60 59 32.7810 13.1071 Aoy S 3
60 44 32.7939 12.8172 Al 4
180 83 32.7145 13.6017 1 Mo dll 5
135 50 32.7306 13.6724 2 Mso Al 6
185 80 32.7140 13.6381 4 Ao pl 7
35 93.13 32.6965 13.6046 5 Mse all 8
59 90 32.6355 12.9165 1 4 palill 9
55 121.22 32.4964 13.0442 1 4505l 10
59 80 32.6100 12.8478 RS 11
45 157.23 32.0786 11.5099 Y 12
42 157.91 32.1250 12.3156 e 13
61 125 32.3478 12.6341 il 14
82 113.47 32.5161 12.8158 1l 55 15
80 157.23 32.6507 12.7770 2oy 16
167 119.13 32.4698 12.6698 3 o 17
61 18.8 32.6502 13.2882 7 e (p pab 18
70 10 32.7879 12.4306 1 &) e 19
61 15 32.7560 12.4772 3 &l yua 20
90 106.94 32.6067 13.0040 2 Apneldd) 21
89 106.83 32.6094 13.0012 3 Al 22
90 95 32.6031 13.0003 4 el 23
170 59 32.7797 13.1053 sl 24
102 139.78 32.5212 13.3210 wall g 25
149 165.34 32.4439 13.2772 edl (3 g 26
99 5 32.7722 12.5450 U pa 27
58 9.38 32.8822 13.3062 1 sl)sali 28
27 19.84 32.8672 13.3278 2 &)yl 29
41 36.95 32.8451 13.2973 3 ¢l ysal 30
73 42.67 32.8319 13.4230 4 sl )l 31
79 45.91 32.8099 13.1351 2 ok 32
90 20.89 32.8603 13.1285 4 o b 33
47 160.09 32.4199 12.8826 2 slall gal s 34
160 130.05 32.3683 12.7154 3 skall sal 35
160 146.73 32.3237 12.7431 4 3ball (sal 36
160 170.13 32.2693 12.7545 5 skall sals 37
26 202.56 32.2197 12.8082 7 okl gal 38
27 6 32.9347 12.0749 550 39

- ol olsall Aalal) Aigl) 1 ol
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—: (HARTT) gl (bl z dgail)

sl ola¥) sl e gshaiy 3 Slasy) JlasiV) z3ses 54 HARTT

Gy 38 JUadY) hagie 50 Juad Gob oo bl sbid) (sgiue & d)
el 13 8 Aeasiid) Aanall Sl HUaeY) (e S @la aagy Lol
(Adelana Michael,2012,P80) ( Ferdowsian etal.2001b,p.863-864: 5

(AMRR) SUady) sl (e el (geill STl Lgia oY1
el Jaghos aaat o Lped) HladY) dagio Jangie o Cabadl SSI Clualy
P Bub oo dand
AMRR = ¥i_; (Mij — Mj)
Accumulative monthly residual rainfall : .4 AMRR <ua
Agiaa) el HUasY) Sl i = AMRR
Y aladl e IV el & UasYl Jaghu = Mij
Ggedl) HUadY) dagin Javigia = M;j
(AARR) dsaiall jUasY) Jshel gsiad) SN sa  SGEIN*
Al HUaeY) dagiu aad S o(lsin) HUaeY) Jangie o cihadl oSI5 Glualy
PGk e
AARR =L, (Mi—2)
i=1 12
Accumulative annual residual rainfall : .4 AARR cua

i) Ayl jasY) &SI es = AARR
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el gsiadl Jaugiall = A
(‘)}@_aﬁ\ b\.q;j) L&bﬂ\bﬁdﬁ)@.ﬁﬁ\w= Ml

SlaeY) sluay ddsal) slall chlaladl ARl Jsa colalivin) (D) Jal o

=1 45V Asladl) alassiadl Q4
Depth = KO +K1 *AARRt-L +k2*t.
L) o i (3ysandl je) Lsall olull Gec = Depth
el oy e el =t
gl obiall e layiliy jUaal) basie die sedll o ALl 55l Jsk = L

(David . syl Jisi DA e L Gldes & = K2,KLKO
Mitchell,2009,p.9)

() Gdsall sliall JY1 GBaad) ) L (g5l = KO

() Lsal) olaal) (s5ise o HUadY) langia o Ji 5 el il =K1
(5%) ool e e lemlinsl §f A sall sl g )l e olat) Jare =K2
—: HARTT gabiy cilajia (aany yeadl

Dl pals Y1 cExcel daS) cpile S5 e HARTT gl el
shaadl gty HladYl Gp A0l Slasy) Jiailly hay A Caldly s

Al I DU o (s LS Slinin sy IS8 o 1155 aily el

(P-Value) @) s ded o G-‘U)-.‘S\ Clajie il b adia
Jsas 4 LS cailly HUadY) Jshagd (NSW IAH Symposium,2011,P40-43)
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0.05 (s« Jil P-value culS 13l eyl G 30l 4dlaae asi 45 (30)
sladd) siue G Aflias) ANV @b A Gua of ) hain LY cead Lol
P-value ied <l 13 Wi il s & (ARR) dpsiad) JUasY) oSI5s dgdsall
Ldsall sball (55 (o Fage ABle 3535 p3e o Jy 1368 0.05 Cjglad Hasdd
p- o Galab 13 (Sl a8 g o man )al dalse @l ofs ARR

gdaall sl goiie Ao il Gus e el Al value

Gl B slh)) aldle g @Y1 bl gl al) Cilinia Gageads Ul
et ) aeal il Jaie b jeal) sl dddsall sball Cilsiua
sladl ity pead¥l hadll Wl Uady) Lagin 580 s Jia caddl) (5,5 daall
Goldr )edsall il ol (s oladl iy ahaiiadl Lall Wi (ARR
-(Associates,2008,pp,35-37

(Adgat) olial) ciligionay JUaaY) Cp A8l

& Al Ll bl Ciliginey HhadY) G ADL JISL) aysll e
Apailly HUadY) el eS8 Cam Bl oliall o 1S Toliie) adiey Al HpaY)
Ailaiay SUY) UL A gal) olial) oguie i 8 palu SlaeY) of el e L
Aapdally Aanplal) Cag I o @iy Uaed) sbiay L 5l Leans of Sl Al
sda Gl Y eyl ddatll (DA e V) Sl Y ey ¢ JS i 3Ll
Aahidll Ldgall oliad) (ggie o bl o dDe L) Ll e caa dulyll
sle (CDFM) 4y (3plas 3 ail L(CDFM) ,lasY) Jshaa oo oSl iVl
& s o Bl el esall b L] )liall Jew dilaie B a2 39 s
il daa e @Eaall aaiall Hlasty) Jalas aladsa)

Ldsall olaall Gany 4oy HUaadll Slany) Jilatl il apaios of Jds
adlse (o L Apead) A5 PR e coels S @ Gan Al o g0
(HARTT) zaliys il (mmys damslsal) dlayyall e LY
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ki) Lnslsad) qalg Nl ABe g 4dgall slaally JUaddll laany) Judaill: Yl

S5 gyl A2l e Laliond o LYY adlya Rl (e ey

t bl (26) dgas (Slan) dalaill xilug (79)
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Gall abaad e Lol G ja — Apadaal) L ol gl sl g1 4BBle g LS ilany) Julatl) (26) Jgas

(S4) e‘ﬂ (ssetl) A ) Ko a1 0.05 2 9205 (A sia)
el 3 1) (b)) (=254
7 3kl 3l 26 Qr 0 03161 | -16.0420 | 0.0095 | 0.0051 | -0.04417 | 0.1503 | -0.530
2_slhml 27 QFr 0 0.1767 | -19.1546 | 0.0028 | 0.0001 | -0.0044 | 0.0002 | -0.053
053 27 Q3 1 0.1648 -6.6889 0.0003 | 0.0211 | -0.0001 | 0.7241 | -0.001
O 5 33 TE- Tk 3 0.1324 | -31.3013 | 0.0001 | 0.0076 [ -0.0001 | 0.1359 | -0.001
5_lls ol 35 QF 27 0.9241 | -13.8679 | 0.0086 | 0.0017 | -0.0541 | 0.0000 | -0.649
3 sl 41 oF 1 0.6305 | -35.5053 | 0.0018 | 0.0024 | -0.0097 | 0.0000 | -0.116
e i 42 Qr 17 0.8414 | -37.6523 | 0.0038 | 0.0000 | -0.0038 | 0.0003 | -0.046
B 45 Qs 0 0.7400 | -14.4943 | 0.0044 | 0.5691 | -0.04632 | 0.0023 | -0.556
2_skall 3l 47 TE- Tk 1 0.2472 | -44.0475 | 0.0015 | 0.0001 [ 0.0011 | 0.1144 | 0.013
135 55 QF 5 0.7445 | -47.0574 | 0.0040 | 0.0034 | -0.0167 | 0.0000 | -0.200
1 elosnl 58 QF 20 0.4191 -7.6685 0.0028 | 0.0622 | -0.0064 | 0.0706 | -0.077
1 %l 59 QFr 1 0.9954 | -30.8809 | 0.0011 | 0.0002 | -0.1032 | 0.0000 | -1.238
el a5l 59 Qs 58 0.9794 | -25.5040 | 0.0002 | 0.7938 | -0.0673 | 0.0000 | -0.807
La 60 Qs 14 0.9847 | -43.8096 | 0.0013 | 0.0581 | -0.1438 | 0.0000 | -1.725
dl 60 QF 0 03138 | -37.0466 | 0.0004 | 0.5940 [ -0.0061 | 0.0000 | -0.073
ll 61 QF 1 0.9228 | -39.7297 | 0.0070 | 0.0000 | -0.0800 | 0.0000 | -0.96
7_e el |6l Qz 60 0.9501 | -30.8703 | 0.0098 | 0.0000 | -0.2417 | 0.0000 | -2.901
3_Wea 61 QF 0 0.9192 | -20.0696 | 0.0050 | 0.0001 | -0.0787 | 0.0000 | -0.945
14 e 70 QF 0 0.8241 | -283995 | 0.0039 | 0.0000 | -0.0236 | 0.0000 | -0.283
4_el sl 73 Q3 38 0.9454 | -21.3446 | 0.0016 | 0.0001 | -0.0328 | 0.0000 | -0.393
2ok 79 Qs 4 03875 | -51.1848 | 0.0008 | 0.4647 | 0.0162 | 0.0140 | 0.194
2_ (i 80 Qs 0 0.9983 | -21.0615 | 0.0019 | 0.0000 | -0.0700 | 0.0000 | -0.839
1o i 5 82 Q3 59 0.8512 | -27.8381 | 0.0008 | 0.5478 | -0.0337 | 0.0000 | -0.405
3 Gl 89 QF 0 0.8995 | -38.3362 | 0.0058 | 0.0000 | -0.1670 | 0.0000 | -2.004
2_Gelull 90 QF 0 0.9548 | -36.4410 | 0.0092 | 0.0000 | -0.2278 | 0.0000 | -2.734
4_Tneld 90 QF 0 0.9765 | -36.9965 | 0.0118 | 0.0000 | -0.2498 | 0.0000 | -2.998
4_olish 90 QF 11 02714 | -19.3991 | 0.0011 | 0.0992 | -0.0024 | 0.0321 | -0.0290
o 93 QF 24 0.8732 | -28.7300 | 0.0121 | 0.0000 | -0.0599 | 0.0000 | -0.718
Ol om 99 QF 2 0.5962 | -10.1051 | 0.0032 | 0.0014 | -0.0228 | 0.0000 | -0.274
el (g 102 Qs 37 0.9440 | -83.8408 | 0.0043 | 0.0006 | -0.1539 | 0.0000 | -1.847
2_ sl 135 QF 0 0.9385 | -15.0694 | 0.0139 | 0.0000 | -0.0942 | 0.0000 | -1.13
Cadl) G5 149 Qr 60 0.9509 | -106.3227 | 0.0019 | 0.0836 | -0.1329 | 0.0000 | -1.595
3 sball ol 160 QF 1 0.9950 | -46.5795 | 0.0020 | 0.0000 | -0.0720 | 0.0000 | -0.864
4_3ball 0l 160 QF 17 0.9880 | -62.6570 | 0.0026 | 0.0000 | -0.0769 | 0.0000 | -0.923
5_sball 53l 160 QF 1 0.9929 | -85.8874 | 0.0024 | 0.0000 | -0.0695 | 0.0000 | -0.834
3 A 167 Qs 0 0.9292 | -36.3554 | 0.0064 | 0.0000 | -0.1130 | 0.0000 | -1.356
Sl 170 Qs 47 0.9832 | -47.0991 | 0.0005 | 0.5604 | -0.1034 | 0.0000 | -1.241
1l oAl 180 QF 23 0.5373 | -22.6311 | 0.0198 | 0.0000 | -0.1728 | 0.0000 | -2.074
4_lls o 185 QF 1 0.9543 | -33.2245 | 0.0047 | 0.0000 | -0.0866 | 0.0000 | -1.040

Caalll Jae (e : Haadll
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On Lol DAL gl o8 it U6 <y il Lo aag 0% A lealina B
el 27 - 11
rgabaud) Laglsad) gl Adsal) sbal) (B jUadY) sl il Aidle -2

G dgae G il (26) Jsaa b Slan) il mils ekl s
O ST AR ggie Lot S LT 10 22e ) 2y ¢ UYL Galall P-value A&l
DAl aag Y 4l Al (e iy calpl) il A da8ly U6 e (s 0.05
Gl Il gl 3 dadly L L 4 ofs 6 laae AU LY b3 8 el
.0.05 (s Jil P-value e cily cua jUadY L ddle L 5391
:(J50-30) Gleei Aedlaiall Ldgal) sluall s gimmay sUadY) (p ABMal: Ll

Uaugieg Alain Gligine ZDG ) duhall dilaiey LY Sleel s 23 38
SaeY) il gt S 5 ¢ Janall sied) 13 3 U9 Ly (e e
Jial) e ey (gasa LA s o B glus Ala 8 Lo da HUY) Glely
cron Lol Ui auip 8 o5 (26) Usaa (o8 ey LS ¢ LY) o3g) ilan!
A5 Alee Jagutl S S Bac

2 uid) o) Laie laaDU zisal e ST o Djlaall R? aadius
Jumil sa (Apadill R%)anil) Jalaad dad el Jany o) z3saill ydings ¢ fasls
dald aamd) ol il ols e i ST e 4l ¢ zisa
ol il 8 e adiad @A) il (ulud & R? () .(66402¢2005¢ gl

o dalsall e o3 050 SlaaY) dale il gyuiall (%) Al oS U iy Cas
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ouin gl ol Aglany) AN moag Wl P-value Wi Lddsall bl iligius
oabyl gl 0 jral P-value ded cul€ WSS aaall g e "Adlaad)
o oaShl SUadY) i bl Gy L)) s pae il ) aaall A d

Al bl Clysines Jyshall (54l

Maa¥l olpa LG Lo g dua gl sl el 9 Lgad) g can JLY) @355 (27) st

el B ) s | el 8RB LYY 2 | Bl LY e s g5
LRSS LB il I8
" B
M6 ‘ 416 5y | L 5, @1
26527-11 (e 5158 | gl 5 - 0 Gle gl 8 4k 3 olead) (S Gl s )5
Al
) KT o M4 11 Q7 il el
26560 -14 oxbe g 515 | gl 4 — 0 oo sl ST
A X b
, 2 ool 3 | Al salll a5, @1
560 -17 Cmle gl s el 0 Al A Clladl
hesle ¢ o s
TS — Ty
2 s LB
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o ORR T aay Ol 5 el
AP
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e 0 LAl

(26) s e Taldie) : jaadll

Oeb cclinidll maa s (Say ¢(89....¢81 «80) Axbull JKN) DA ey

e (Casdll (3,3 Lall abiey 3) Effect of rainfall jUadY! ik aa
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-2 SPi (o) slaall Sl ol M) A gall) (1) Gala
Gamma distribution ) WS ) Jisad e Lilaal ol Hladl By adiay

o=, 2009 , ol as ) 5 (sirdas aud zekai , 2003, pp. 809 — 820 ) ( probability
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8 Ao gall a5l Al alasiuly Uael Aaae O Uae) by Alubud WS a5 55 Gilbas Y

- 4y Aaleall
glx) = ﬁa}(a)x“_lex/ﬁ forx>0 ... 1
Of dus
[(a) = fooo y¥le™Vdy 2
LalS dlla /—(a) =

avic o35l i 3 ) el ded = x
a5l (e S 4ad L5 (a shape parameter) g)sill JSill dales =
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a=i<1+ /1+ﬁ) .............................. 3
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GE) = [ g0dx = s [Fx“ e /Pdx 6

AV el 8 e LS WS a5 Ao Al oSy SN ¢ = x /B A Ll il

1 _ _
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-m
q - n
bl s 84 dall jhadl clily sxe = m ol Cua
bl a5l ) LD AaS) ) Alaia) ad o sail A0Y) ¥ alad) aladial o4
SPI bl jladll s aid Jiay 3 5 (random variable Z) &) e juieS
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2.5155 2853t 28t7
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(2009-1970)5_58ll J3A 3 )lidall ildasall (ary (3 A jatall dpuledd) g 250N Clan siall (2) 3ol

aid) b dihaa ol jUae ddasa

um ‘ | Sbagia Ml dps | giad) um ‘ ‘;.slﬁu::\n Madidps | g

By | SSRNASIA - (ple) Rsid ialad) im | (R
* * 34.0 1970 * * 49.1 1970
* * 126.5 1971 * * 325.4 1971
* 134.2 242.0 1972 * 242.2 352.0 1972
* 159.0 108.5 1973 * 340.9 345.4 1973
151.4 198.8 246.0 1974 292.0 361.9 388.2 1974
173.6 166.5 145.0 1975 342.8 345.5 302.8 1975
216.7 244.3 342.0 1976 368.3 381.4 453.2 1976
194.8 206.5 1325 1977 364.3 362.7 332.1 1977
201.4 205.3 141.5 1978 357.5 365.5 311.2 1978
224.2 211.3 360.0 1979 337.1 309.8 286.1 1979
273.7 297.9 392.3 1980 369.7 354.5 466.1 1980
220.8 276.7 77.7 1981 333.9 342.1 274.2 1981
262.3 270.0 339.9 1982 345.7 377.0 390.7 1982
277.7 212.0 218.5 1983 343.8 322.3 302.0 1983
257.4 272.3 258.5 1984 369.3 368.7 413.3 1984
207.1 206.0 141.0 1985 317.4 307.4 207.0 1985
226.8 191.8 176.0 1986 356.0 362.4 467.0 1986
180.6 142.0 109.0 1987 313.2 283.5 176.5 1987
179.6 166.2 213.5 1988 301.2 295.2 242.2 1988
151.2 146.3 116.3 1989 259.1 207.2 202.9 1989
162.3 175.4 196.5 1990 261.4 221.2 218.6 1990
178.9 190.7 259.3 1991 2154 2194 236.6 1991
177.9 186.5 103.7 1992 204.8 193.0 123.9 1992
166.3 172.9 155.7 1993 183.4 165.1 134.9 1993
179.3 146.9 181.4 1994 193.1 170.2 251.7 1994
191.6 198.4 258.0 1995 243.2 285.1 468.8 1995
206.3 257.3 332.5 1996 246.1 324.0 251.4 1996
242.9 292.4 286.8 1997 269.3 319.9 239.6 1997
255.7 279.7 219.7 1998 287.0 238.2 223.5 1998
258.0 233.1 192.8 1999 288.5 240.7 259.0 1999
224.6 167.9 91.3 2000 224.1 209.8 146.8 2000
189.0 146.2 154.6 2001 211.2 197.7 187.3 2001
162.5 1334 154.2 2002 217.7 201.9 271.7 2002
161.1 173.8 212.6 2003 221.6 234.0 243.0 2003
154.6 175.8 160.5 2004 211.8 241.7 210.4 2004
153.7 153.2 86.5 2005 222.8 218.3 201.5 2005
236.6 222.8 256.4 2006
228.2 229.2 229.7 2007
229.0 2444 247.0 2008
210.4 198.0 117.4 2009




8,80 4 oy
| Stbasiad) am ‘ Madiias am ‘ Qm ‘ Maalidas |
Apuladl) 45 jaial) Loy (ple) Aagind) Loladl) Ly (ple) Aagiual)
* * 132.8 1970 * * 43.2 1970
* * 213.7 1971 * * 64.0 1971
* 200.3 254.5 1972 * 134.1 295.0 1972
* 237.4 243.9 1973 * 157.7 114.0 1973
250.2 301.5 406.0 1974 140.7 198.7 187.1 1974
283.6 316.5 299.7 1975 179.3 179.2 236.6 1975
329.1 382.4 441.4 1976 235.0 255.4 342.5 1976
315.5 309.2 186.4 1977 199.6 232.4 118.0 1977
337.0 326.4 351.5 1978 224.5 232.9 238.2 1978
313.9 276.1 290.5 1979 225.5 182.7 192.0 1979
294.1 280.8 200.5 1980 203.1 185.1 125.0 1980
213.8 177.0 40.1 1981 138.8 112.7 21.0 1981
236.9 180.9 302.0 1982 150.4 107.2 175.7 1982
203.1 174.9 182.5 1983 139.8 127.3 185.2 1983
235.7 312.7 453.6 1984 160.1 218.2 293.6 1984
228.7 267.1 165.2 1985 164.9 209.3 149.2 1985
298.7 336.4 390.4 1986 206.4 223.7 228.4 1986
289.6 270.6 256.3 1987 200.8 175.0 147.5 1987
325.2 335.7 360.3 1988 199.2 184.4 177.4 1988
264.5 255.7 150.4 1989 173.5 163.3 165.0 1989
279.8 250.8 241.7 1990 209.9 224.5 331.0 1990
234.7 185.7 164.9 1991 190.1 208.5 129.5 1991
203.3 168.6 99.1 1992 183.6 191.8 115.0 1992
174.6 160.3 217.0 1993 184.0 141.3 179.5 1993
181.9 167.6 186.6 1994 183.8 152.8 164.0 1994
197.9 241.9 322.0 1995 161.1 186.9 217.3 1995
201.4 230.2 182.1 1996 154.3 158.9 95.5 1996
241.0 267.2 297.5 1997 160.5 152.9 146.0 1997
238.4 227.9 204.0 1998 154.6 130.5 150.0 1998
249.6 247.9 242.2 1999 143.3 134.5 107.6 1999
214.7 197.9 147.5 2000 117.0 114.5 86.0 2000
203.4 171.8 125.8 2001 132.0 121.4 170.5 2001
207.2 196.7 316.7 2002 144.1 154.3 206.5 2002
216.7 231.3 251.4 2003 137.2 164.2 115.6 2003
202.8 246.9 172.5 2004 138.7 145.7 115.0 2004
206.1 196.0 164.1 2005
232.0 197.3 255.4 2006
217.7 221.5 244.9 2007
199.6 220.4 160.9 2008
194.5 184.3 147.2 2009




(2) Sl o

ol sk Adjaa A (o pa daaa
j::f:"‘ Sl | s | ‘2:‘2:‘” Cllugiad | s |
PN AENA A jatall | (ale) 4 g PN AENA s anall | (ale) Ay siaad)
* * 98.4 1970 * * 291.1 1975
* * 296.6 1971 * * 405.0 1976
* 231.5 299.6 1972 * 311.0 237.0 1977
* 344.7 437.9 1973 * 291.6 232.7 1978
310.6 386.0 420.6 1974 288.1 248.1 274.6 1979
353.6 390.7 313.5 1975 280.8 253.9 254.5 1980
390.8 405.6 482.6 1976 234.6 234.5 174.3 1981
402.8 385.1 359.2 1977 274.9 289.1 438.6 1982
401.6 424.6 432.1 1978 274.1 280.5 228.7 1983
397.3 396.7 398.9 1979 296.6 351.3 386.7 1984
402.5 390.3 339.8 1980 289.6 278.3 219.6 1985
350.7 320.8 223.6 1981 341.6 347.0 434.6 1986
375.9 349.6 485.3 1982 276.2 255.2 111.5 1987
351.0 338.7 307.2 1983 310.0 314.6 397.6 1988
367.7 425.0 482.5 1984 274.6 239.6 209.7 1989
348.7 344.9 244.9 1985 279.7 284.2 245.3 1990
408.9 417.4 524.8 1986 244.9 238.5 260.6 1991
366.8 348.2 274.8 1987 249.1 212.7 132.2 1992
411.8 443.9 532.2 1988 205.7 191.2 180.8 1993
381.7 379.7 332.0 1989 196.1 158.2 161.5 1994
403.4 405.8 353.2 1990 237.8 265.4 453.8 1995
363.6 336.9 325.6 1991 233.0 284.0 236.7 1996
362.5 316.2 269.7 1992 271.1 337.7 322.7 1997
296.7 266.2 203.2 1993 288.9 276.4 269.7 1998
299.1 272.3 343.9 1994 306.7 281.0 250.7 1999
318.9 333.1 452.1 1995 243.3 219.0 136.7 2000
321.2 377.7 337.2 1996 240.1 202.7 220.7 2001
373.7 440.5 532.2 1997 228.2 206.8 263.0 2002
412.1 421.5 395.0 1998 225.9 247.4 258.6 2003
410.4 420.8 335.3 1999 215.6 240.2 199.0 2004
364.8 318.2 224.3 2000 234.6 229.8 231.7 2005
352.2 278.0 274.3 2001 228.9 207.7 192.4 2006
365.0 365.0 596.3 2002 239.7 247.0 316.8 2007
366.4 424.2 402.0 2003 244.1 263.2 280.5 2008
360.2 434.2 304.2 2004 228.5 239.5 121.2 | 2009
374.6 334.1 296.2 2005
388.2 314.2 342.1 2006
330.5 315.5 308.1 2007
302.2 303.5 260.2 2008
270.1 237.4 143.9 2009




(2) Gle &

Chsal) daaa
A adial) cillau giall A aial) cllaw glal) A giad) JUaal) dgas o

PR P () lgtd
* * 18.0 1970

* * 42.5 1971

* 60.8 122.0 1972

* 77.7 68.5 1973
81.9 116.3 158.5 1974
100.8 113.2 112.7 1975
155.0 194.9 313.5 1976
149.8 174.1 96.0 1977
156.3 170.2 101.0 1978
170.4 142.0 229.0 1979
200.0 196.8 260.5 1980
149.5 183.5 61.1 1981
163.7 162.9 167.0 1982
189.4 152.5 229.5 1983
189.0 207.8 227.0 1984
162.8 195.3 129.5 1985
198.5 198.7 239.5 1986
185.3 156.7 101.2 1987
153.1 136.4 68.5 1988
1334 99.4 128.5 1989
123.5 92.3 80.0 1990
116.6 137.8 205.0 1991
122.6 138.7 131.0 1992
132.7 151.7 119.0 1993
137.4 134.0 152.0 1994
160.3 155.2 194.5 1995
151.0 168.4 158.7 1996
145.3 151.9 102.5 1997
139.1 116.4 88.0 1998
147.0 127.3 191.3 1999
140.8 147.5 163.3 2000
145.6 179.2 183.0 2001
151.1 158.8 130.0 2002
157.9 145.0 122.0 2003
152.0 137.8 161.5 2004
152.8 150.3 167.5 2005

Caaldl Jae (e 1 jaaall



5 obaaall AL 23] o sall 5 (5 el Janesiall (3 ) G3ale

oo al) S did | o | s | sl | seewd | saddsl | s | s Al
19.9 0.5 0.8 26 | 21| 32| 32 |32 30| 13 sl
19.8 0.6 1.1 23 | 25| 35| 35 | 25 | 25 | 1.3 Sl
21.5 0.5 1.0 25 | 23| 40| 40 | 31| 23| 18 Okl
29.1 0.9 1.7 35 [ 38| 52| 51 | 40| 31| 18 5050
22.8 0.9 0.8 23 | 26| 52| 39 | 30|31 1.0 Calld
22.1 0.4 1.4 25 | 26 | 36| 44 | 33| 30| 09 S laall
22.9 0.4 1.2 26 | 26 | 37| 45 | 35| 33 | 11 Al jua
39.7 1.4 24 | 40 | 51| 75| 75 | 59| 41 | 1.8 U pa
28.1 0.3 1.4 3 | 36 | 52| 54 | 40| 37 | 14 Al
27.7 0.4 1.5 33 | 42 | 52| 48 | 40 | 34 | 09 pila 3 a
27.0 0.6 1.5 28 | 32| 58| 49 | 38 | 32| 1.2 BTSN
43 1 2.3 43 | 54 | 88 | 84 | 6.7 | 41 2 &) padll dagl)
48.2 0.5 3.0 59 | 67| 62| 97 | 76 | 62 | 2.4 il h e
30.8 0.7 1.6 33 | 40| 57 | 54 | 52 | 36| 13 Sl e Al
32.4 0.7 1.7 35 | 45| 62 | 6.1 | 49 | 36 | 1.2 dase
46.3 1.8 3.1 56 | 60| 94| 72 | 63| 52| 17 o)yl lae
24.3 0.4 1.4 27 |32 (32| 50 | 43| 29| 1.2 A yalall
17.4 0.2 1.1 22 | 25| 27| 27 | 26| 19| 15 Al
23.5 0.4 1.2 32 | 34| 32| 47 | 34| 28| 1.2 Al
21.6 0.5 1.6 36 | 25| 42 | 33 | 25| 26 | 0.8 aindl
24.1 0.5 1.5 30 | 28 | 66 | 39 | 24 | 28 | 0.6 iyl )l
16.9 0.7 0.9 22 | 21|38 | 28 | 1.8 | 1.8 | 0.8 EPR
16.1 0.5 1.0 25 | 25| 27| 26 | 1.7 | 16 | 1.0 il




HART Tzl o B lis e 5 laall LU 48 gl oliall il sinna s jlaad) (g 383l Aliaa¥) Jidaill =il (4 ) Bale

. best fit C AFC' Time rate of

name_well elevation | Depth I_)ejp_th final delay R2 intercept res_ldual P (month) P rise
(m) (m) initial (months) ko rainfall 2 (myr)

(mm)k1
abughailan 262.77 33 3131 | -31.34 3 0.1324 | -31.3014 0.0001 -0.0001 -0.001
ainzarah 34.43 93 -26.59 | -43.92 24 0.8732 | -28.7300 0.0121 . -0.0599 . -0.718
alkrimiyah 59 60 -43.45 | -55.505 14 0.9847 | -43.8096 00013 | [IBSEA | -0.1438 | DO00G | -1.725
almayah 44 60 3596 | -39.18 0 0.3138 | -37.0466 0.0004 -0.0061 -0.073
algarabulli_1 83 180 | -25.04 | -29.86 23 0.5373 | -22.6311 0.0198 0.1728 . -2.074
algarabulli_2 50 135 | -1651 | -41.32 0 0.9385 | -15.0695 0.0139 -0.0942 -1.130
algarabulli_4 80 185 | -35.24 | -40.98 0.9543 | -33.2245 0.0047 . -0.0866 . -1.040
algarabulli_5 93.13 35 -12.57 | -28.08 27 0.9241 | -13.8679 0.0086 -0.0541 -0.649
annasriyah_1 90 59 3074 | -40.48 1 0.9954 | -30.8809 0.0011 -0.1032 -1.238
azizyah_1 121.22 55 48.68 | -54.26 5 0.7445 | -47.0574 0.0040 -0.0167 -0.200
azzahra 80 59 249 | -44.81 58 0.9794 | -25.5040 0.0002 -0.0673 -0.807
badr 157.23 45 -17.66 | -32.67 0 0.7400 | -14.4943 0.0044 -0.0463 -0.556
biraiyad 157.91 42 -39.99 | -38.51 17 0.8414 | -37.6523 0.0038 -0.0038 -0.046
biralghanam 125 61 4495 | 554 1 0.9228 | -39.7297 0.0070 -0.0800 -0.96
birtarfas_1 113.47 82 3027 | -42.2 59 0.8512 | -27.8381 0.0008 -0.0337 -0.405
birtarfas_2 157.23 80 -20.74 | -38.49 0 0.9983 | -21.0615 0.0019 -0.0700 -0.839
birtarfas_3 119.13 167 | -38.47 | -46.73 0 0.9292 | -36.3554 0.0064 -0.1130 -1.356
gasrbinghashir_7 18.8 61 3263 | -47.15 60 0.9501 | -30.8703 0.0098 -0.2417 -2.901
sabratah_1 10 70 26.97 | -29.7 0 0.8241 | -28.3995 0.0039 -0.0236 -0.283
sabratah_3 15 61 -19.32 | -24.98 0 0.9192 | -20.0696 0.0050 -0.0787 -0.945
saidiyah_2 106.94 90 3692 | -62.8 0 0.9548 | -36.4410 0.0092 -0.2278 -2.734
saidiyah_3 106.83 89 -37.62 | -46.73 0 0.8995 | -38.3362 0.0058 -0.1670 -2.004
saidiyah_4 95 90 3642 | -77.4 0 0.9765 | -36.9965 0.0118 . -0.2498 . -2.998
sawani 59 170 | -46.08 | -77.26 47 0.9832 | -47.0991 0.0005 -0.1034 -1.241
sidiassayd 139.78 102 | -84.25 -95 37 09440 | -83.8408 | 0.0043 | 0.0006 | -0.1539 | [0.0000 | -1.847
sugalkhamis 165.34 149 | -105.37 | -121.75 60 0.9509 | -106.3227 | 0.0019 -0.1329 -1.595
surman 5 99 972 | -10.95 2 0.5962 | -10.1051 0.0032 0.0228 -0.274
tajura_1 9.38 58 -85 -8.92 20 0.4191 | -7.6685 0.0028 -0.0064 -0.077
tajura_2 19.84 27 1791 | -18.9 0 0.1767 | -19.1546 0.0028 -0.0044 -0.053
tajura_3 36.95 41 | 3575 | -36.71 1 0.6305 | -35.5053 | 0.0018 | 0.0024 | -0.0097 | p.0000 | -0.116
tajura_4 42,67 73 2165 | -24.78 38 0.9454 | -21.3446 0.0016 -0.0328 | [I0000 | -0.393
tripoli_2 45.91 79 -49.84 | -49.72 4 0.3875 | -51.1848 0.0008 0.0162 | 0.0140 | 0.194
tripoli_4 20.89 90 -18.98 | -19.61 11 0.2714 | -19.3991 0.0011 -0.0024 | 0.0321 | -0.029
wadialhayy_2 160.09 47 -44.47 | -43.22 1 0.2472 | -44.0475 0.0015 . 0.0011 . 0.013
wadialhayy_3 130.05 160 | -47.46 | -56.97 1 0.9950 | -46.5795 0.0020 -0.0720 -0.864
wadialhayy_4 146.73 160 | -64.15 | -73.55 17 0.9880 | -62.6570 0.0026 -0.0769 -0.923
wadialhayy_5 170.13 160 | -86.85 | -95.41 1 0.9929 | -85.8874 0.0024 -0.0695 -0.834
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Under the title of

The rainfall in Aljafarah Plain, Libya: Probabilities For Its Fall
And Its Dependability

The research studies the rainfall in Aljafarah Plain, Libya:
probabilities for its fall and its dependability. This research comprises five
chapters; proceeded by an introduction and followed by the finale, which
includes the findings and the recommendations; a list of sources and

references, and a summary of the study.

The First Chapter discusses the characteristics of rainfall in Aljafarah
Plain. It cites geographical factors and climatic conditions affecting the rains in
Aljafarah Plain, represented by the geographical site, surface topography, water
bodies, air pressure distribution, air masses, and stream currents. These factors
are responsible for the spatial and temporal differences in rainfall in the study
area. This chapter also studied the types of the prevailing rain; the monthly,
quarterly and annual rainfall distribution and variation; number of rainy days in
terms of their quarterly and monthly distribution; rain concentration; the
general trend in rainfall during the period 1970 — 2009 and its averages. The
results of the study showed that these properties of rainfall increase in volatility
in the spring and are more uniform in the fall and the winter. The rainy days
have proved to be consistent in distribution with the distribution of the annual

average amount of rain, and that the average concentration of rain is the highest
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in the autumn followed by the spring and then the winter. The trend of rainfall
is decreasing in general,and the application of the triple and five-year averages

shows that the cycles that the rain stations pass through are irregular.

The second chapter was devoted to the study of the possibilities of
rainfall in Aljafarah Plain, annually and quarterly. The likelihood of the fall of
the selected amounts of annual rainfall, namely 130, 190 & 250 mm was
estimated. At quarterly level, the quantities of 30, 70 &110 mm were chosen as
the minimum amounts of rain, so as to know the likelihood of its occurrence in
the study area. The probability of rainfall for each station of the stations of the
study area was calculated accordingly. The winter had the highest quantities
(30, 70 & 110 mm), with the highest percentage (88%, 68% &45%)
respectively for the average amounts of the study area stations. Maps were
drawn indicating the amounts of the expected rainfall at the annual and quarter

levels for all stations of the study area.

The Third Chapter dealt with the degree of dependence on rain, where
the dependence was defined as the possibility of relying on rainfall rates of
(70%, 80 % &90 %). The percentage of 70% means the amount of rain that is
expected to fall during the season or the year during seven years in every ten
years. The rains that can be expected to fall on the study area vary depending
on the different percentages. Through the results of statistical analyses of the
degree of dependence on rain, it was found that winter ranked first for rainfall
amounts that are reliable (70%, 80 %& 90 %) and it were 77 mm, 59 mm & 33
mm, for the average of all region stations. This was represented on maps, on

the annual and quarterly levels, for all stations of the study area.

The Fourth Chapter covered the spatial and temporal analysis for the
drought in Aljafarah Plain, using SPI (Standard Precipitation Index). SPI index

was used to determine the change in the amount of rainfall for each station in
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the study area in order to identify the extent to which each station is affected by
drought, whether the drought was moderate (Mild Drought) or severe
(Extremely Drought). SPI deals with each individual rainfall station, and this
gives an indication of the drought for each station instead of generalization on
the entire study area. The spatial distribution of drought size was studied at SPI
= -1 (moderate drought) and at SPI = -2 (severe drought). Also, the spatial and
temporal distribution of the sustainability of the drought, as well as the spatial
distribution of the intensity of the drought, were studied at SPI = -1 (moderate
drought) and at SPI = -2 (severe drought). Through this study, it became clear
that all the stations of the study area, numbering 25 stations, were subjected to
periods of variable drought. The dry years amounted to 51% while the wet
years were 49% of the study period. It was also shown that the higher values of
size of the drought at SPI = -2 (severe drought) are present in the northwestern
- south-eastern parts. As for the sustainability of the drought at SPI = -2 (severe
drought), it turns out that the coastal stations are significantly affected,
especially the city of Tripoli , Qara Bolle area and Hadba Khadra, which

affects the rain-fed agriculture and groundwater recharge in these areas.

The Fifth Chapter dealt with the statistical analysis of the relationship
between rainfall and groundwater levels in Aljafarah Plain, using HARTT
Program, to demonstrate the effect of rainfall on groundwater levels. HARTT
Program was applied to calculate the accumulation of annual rains in 39 wells,
with depths ranging from 30 to 180 meters. These wells were selected
depending on the rain stations locations in Aljafarah Plain, where a single
station may cover more than one well, provided they are near the station. The
wells were divided into three levels: shallow depth (30-50 meters); medium
depth (51-100 meters) and deep (101-180 meters). HARTT program has
several outputs, according to which the status of groundwater can be estimated

in terms of whether being feed by rainwater or not, its decrease or increase, and
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the time required for the rainwater to reach the groundwater levels. Statistical
analyses, including R? (coefficient of determination or interpretation), revealed
that there are wells where R? reached 0.99, which explains that 99% of the
change in groundwater levels, whether by increase or decrease, is due to
rainwater. As for the time of the arrival of rainwater to groundwater levels, it
ranged between 0 & 3 months in 7 wells from among 9 shallow wells. This
delay increases in medium and deep wells. The results also showed that the
majority of the wells had a rain confidence level of less than 0.05, indicating
that there is a statistically significant relationship between the level of

groundwater and rain.

Chapter 5 was followed by the finale which included the findings and
the recommendations of the study, followed by the annexes and a list of Arabic

and English references.



