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Study of Rainfall Patterns s k!l kbl Jaai 4

Estimations of runoff and erosion are based on precipitation data and the properties of the soil.

The average density of rainfall gauges is one non-recording rain gauge per 15 km? and one

recording gauge per 150 km?.

Rainfall parameters, such as, amounts and intensities, have to be analyzed for their probability

of occurrence, since many engineering and economic decisions are based on them.

Method and Models for rainstorm probability analysis .

The simplest assumption to the probability (P) directly to the observed frequency. This is
given by the general equation.

m
P=—">"100
where n is total number of statistical events, m is rank of events arranged in descending order of
magnitude, The common use of the method is to plot the actual parameter data with their P values
on a log-probability paper. A straight line, which has the minimum deviation from plotted points,
represents the desired probability relations. Any value of desired probability can be obtained from

this line.

Rain Analysis

Rain Volume The yearly and monthly rainfall data are obtained from the standard daily rain
measurements at 8 a.m. Below tables the yearly and monthly rain volumes for one station, as well
as the predicted values for some given probabilities. Since erosion and flood control problems are
connected directly to rain and to the total yearly and monthly rain volumes, the storm analysis is

the most important part of the rainfall evaluation.
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The annual precipitation data and predicted values.

Annual precipitation

N Frequency (%) Rain (mm) Year
1 34 6374 1956/57
2 6.9 622.0 1964/65
3 10.3 5824 1963/64
4 13.8 565.7 1979/80
5 17.2 556.2 1955/56
6 20.7 518.8 1973774
7 24.1 5174 1966/67
8 276 506.1 1951/52
9 31.0 4659 1971772

10 34.5 458.7 1974175

Coefficient of Variation = 0.343, Standard Deviation of Sample = 137.06, Average =399.14
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Precipitation in the context of water quantity and quality
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. (Evapotranspiration ET )
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(300 ) s siadl (s sl Wil oy ET S0 sty 9495 s Slie cdilal) GLlidl i dlle 1o JUSET Aad
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il eUazll & sl sluall 863 e SiSIABLL B ST ET o) e Ju el duba )l 3hlia 84018 o S
Jh o) Sl LU LI ET 330 Letn ¢ 48 sall obaall 49335 5 adasall gl (88005 ae ET (e Jliy g

A sl oluall 4385 5 oadand) L el

- b LaS g Alima die 33 58 A 5 - Al Cluad Ailall 45 ) gal) Adalaa padts
ET=P-Q -AS- Al

8 o5 Al ¢ (o) QAN B il AS ¢ Ganll V2 Q Jsaall iy pesic e P jlaal) ¢ plo i - JAIET
(ple) Gaondl oyl

where ET is the evapotranspiration (mm); P is the precipitation (mm); Q is the streamflow
(mm); AS is the change in the amount of storage in the watershed, S, — §; (mm), where
3 1s the storage at the end of a period and S, 1s the storage at the beginning of a period;
and A/l is the change in deep seepage, I, — [ (mm), where [, 1s the seepage out of the
watershed and /; 1s the seepage into the watershed.
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evaporation of soil water
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Py= gross precipitation 4.1 L) sl
Pn = net precipitation (43 J duai All) ddlall Lad) gl
( components of interception Jaall sl #13a¥1) CUS
1- 1.= Canopy interception loss sl sl
2- 1= litter interception u= ¥ e clbilal Way s 3) 5l e jaall
3- Si= stem flow &Ll gl

4- Ty= throughfall ll ob sl

Interception total (I) = I¢ +I

= g.‘ﬁ\ Jaall
Pn= Th+S¢ - I
Ic= Pg 'Th 'Sf
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I.= canopy interception loss (mm) (ale) ~lill staddl Ao jaad) 2 addl

Pg= gross precipitation(mm)  ale S (5 haal) Jadlod)

Thw=throughfall , precipitation that passes through the vegetation canopy or drip from
vegetation (mm) (ale) Sl eUasll JUA (e ol e I3 J 35 o) ey A (5 yaall Jadlud)

Si= stemflow to the ground surface (mm) be Jiu! dala aim g (il 5 (ale) Al A Jeal 51 BL) (L
cLall J\JE.A u.nu::ij SJ_A.ZZJ\

The amount of water intercepted is a function of (a) the storm character, (b) the species, age and
density of plants and trees and (c) the season of the year and win speed .
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Evaporation il
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e S 0sSple JRB Al pLay) Alla W el sel) s in ol ) (3l 5 3l
loss  (ladé ol 3l Al oo sls huell clale (amyo yiiay ¢ Al Bhaliall & L3V oy jlad
JOA biomass (Sl Z Y (8 sl mill JASH Y ¢ jled e A88all 4 Sl
Al olaall 3550 NA (a1 L as oy aial) el (e ESH ALY ¢ il dpale
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Types of Evaporation Al g1l

* Direct evaporation (physical process) (s i) sl A
= Open water evaporation £, (<l i) 3 a0l L slaall s A
= Soil evaporation £ A e on A
* Interception evaporation £, ¢ i 0 oe joaaall sl A
= Sublimation of snow orice £, 2% M gH Joad ol

= Transpiration £ (bio-physical process) ihjﬁ e
= Total evaporation E= E +E+EA+E__ +E; A8
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IPotential evaporation, E -

' . Actual evaporation, E
* Would occur if there is no shortage of water,

i S * occurs if these stress factors are accounted for
* Or other factors that may limit transpiration
(temperture, solar radiation and humidity ) S palall g plall i a5 35 s ¢ hdiall Al
s AY)
S A Jalge g slall el s o s Jaaay (el A
Lﬁ,hj\\,wﬂl&b.&}'\ ‘ S\;lﬂ\i@ﬁ&u@aﬂl@aﬂ
ul
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- AN e 3 5 gall Jal gall

a2 8L ae ala i elall Jlay (abiaial of sl 4L : Temperature 3.0 sl das o
L puaiall B LS die Al e dgd yla d83e 5 ) jall o) ¢ 3 ) )

: solar radiation ¢ewedd) glaly) o
dalee o Jly o gaall 3o g ¢ AN Jame aa o) oLl Jare G 433yl 483e 2a
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aaall e whitness ) Albedo  sxal¥) o udSai¥) o Al 5 (alSadl Al Juasny
albedo (e i i dad ()5S 2 o) ¢ g ladY) IS Galiey Cun ) =Albedo e 3 s
Radiometer alaaiuly ¢ lady) il oy g ¢ anldll o bl alana uSay =1
z sty Clie W5 4y il 5 olall Albedo aff e s s

Surface Albedo (r)
Open water 0.06
Grass 0.24
Bare soil 0.10-0.30
Fresh snow 0.90

oY) el A 3l A sl ABidall alis gl ) elall i vie s wind gld) e
33 O Cua e il el Ledaa dag s dadall o3 &) 38 () camgy Al dilee ) i
A e w3zl de

AaaS 3L ) 25 g sl Jarall mlissl : atmospheric pressure sl biall o
Al

slall ga L laally Al (e JlBs 233 el 38 530 water quality skl &e5i o
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fresh water 4dall sluall 45 )8l 943 (A1 2 2 5any J3I

Al Jaxe (e JBy sall A L) 4y gl ) o i :Humidity  dashud e
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5ol Al alea ) Al Cladansall (g yall 03305 0 water depth stall Gas o
oAl Al Gl Alaall @l jad) ¢ Aaal) Alall abual1 e 5T ol a oA dlla
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Direct measurement of evaporation _: Bdilall AN Guld 3k
Al gz -1
Lilal) 45 ) gal) Lslaa -2

- (Camoad) Vbl claladind ) 5 dludl e 445k .

evaporation pan Al gae -1
e sle 5 e bl o Sl da gidad) Al alaal¥) e Al Gulil le gl 3kl ST e
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E= K pan XEpan (Mm/day )

ele gl (e Al = Epan ¢ ele 5l o Jalaa = Kpan ¢ 3ol e Al = E

Pan evaporation
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-: Transpiration z=il)
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Transpiration of moisture is a rest product of photosynthesis in vegetation

BsY) I A g5 Ll LD 3 Jd) oLl 5l ol gl (pe e 81 dilae i 5 e
Gl alaaa A Stomata o8 et 31 Y mhs Jde 1aa s jra Glats e A JSda g A
Ln e Al (e, il (Bisla o i (L) 5 i) Al el g w33 oLl (30 %1 (J5m
bl 3 )l s s jo kel (8 g g o0 by il g« pump Adaaall Jae andy il

sall 8 5an sl A0S A ka3l (e 910 (N s il adlasy *

TRANSPIRATION Moist Season
Conditions

e

Zdl.a.é\hﬁuuq;yjsj\);l\);}zl\dbw\q})u\mém}@ﬁsmmata v
il (e JB 5 under water stress (Sl 25 a6 Laxie Ciladill o3 M2
c.\.d\uégﬁ\u\fmwﬁ‘gﬁ\db)\u\AoJmﬂ\w\J suall HaEY) G Jia
pasture species =l all Qi) Jia e

night Jalll & < iy ) las (mdasy il la Al JlIl 8 3las ) sadl) v

sy Wy Al e W) alaill sk )l lais 8 aaly il Galaall ol 8 DA v
ces/ e 15-11 (e s el (e 38835 A (e @i 93 1.5 Dliae (Slill pUazll




Gohi aslsoue 5/a

300 -
o~ — Still air '1'
E -
e VY -~
[} ~ 200 i 'l
£ 3 .-
E 2 >
3 e -7
2 o -
— o -
x 100 |- Pris
E ’
o 4
- 7/
0 1 1 1 J
0 5 10 15 20
Width (u)
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tree with at least a 51- cm diameter transpired an average 265 liter per day
(Wullschleger et.al. 1998) .
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Infiltration of water (zW&E¥)) pasd)

Infiltration is the process of rainwater, or any water, crossing the soil surface and
entering the soil profile.

forces of capillarity slell 48ladl &y ill (§3l8s 2311 3 68 5 A3l Jady 4y 5l pedas ) elal) J 52048 ja e ju
ﬂéA'L“‘J\ UL’..)AJ‘} LeaChing Jaad) 3.:\1.«:; gﬁ pge )9 am h} 4_;3);}\ c\...g.d\ :\.J..Aaﬂ 4733}1 ZJ;)A fin' g
bl Bl 4k ) s

: Infiltration capacity(F¢) casl) daw
There is a maximum rate at which a given soil can absorb water
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Macropores can lead to extremely high infiltration rates and rapid soil water : 43
transport.
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Infiltration rate (mm / h)
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The relationship between rainfall intensity (1) and infiltration rate is important in
determining the generation of overland flow or runoff.
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S pad Jia o Jganll daadial) Jal gal)
Conditions that encourage a high infiltration rate
Coarse sOil Aswill 453 4, 53 @
well -vegetation land = 2 Sl clas o
low soil moisture o=édisissh ) ssisa o
LaY) Gmny ol sl Jady Aalose () oS5 4 il s @
a top soil layer made porous by insects and other burrowing animals
Ayl Do) it g 2wt ) G Y Claladil @
land -use practices that avoid soil compaction
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| Aalladl il 3 A AU ASESH <l ol e dam 5 gl Auall)
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Land-use Impacts on Infiltration casd e ga ¥ cilaladiol il

o e diE ey oAl 5 Sl eUaall g ¢ 4l Apelisa g ¢ Al o e 68 (m j¥) cilaladiul il
e s sl dabuall g Jilall oo Sl ¢ 4y gl e e g GUS jall 5 laal) A8 ja ¢ 4yl ) el
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Heavily grazed, Moderately Ungrazed,
Doum palm grazed, afforested
vegetation brushland (Aleppo pine)
Soil texture Coarse Medium Fine
Soil organic matter content (%) 1.47 1.77 2.7
Soil bulk density (g/cm?®) 1.44 1.42 1.22
Vegetative cover (%) 125 41.3 99
Slope (%) 0-10 5-25 5-40
Initial infiltration rate (mm/h) 179 194 439
Infiltration rate after 2 hours (mmy/h) 43 65 226

hydrophobic (e slall dmae 3 o) g (5585 Cogas el 5l lal) Uaxll e Joand ) 33 sl

Jare g JBy o s (3_ALE) elall el e laakall 038 asa 5 A il a5l 4 5 e substance
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Drainage basin /Catchment area/ watershed 4xlall o iy pail) (g

watershed : as the area of land that drains water, sediment, dissolved materials,
heat, biota, etc., to a common outlet at some point along a stream channel
(watershed outlet).

e obaall & AIAl ) gl g sl g5l g obaall Jii g Uae¥ obie Lgba aani ) a1 (e dalisal) Gl

Ul ¥l st a8 g ¢« water divide bl andi Jad s slaall (al saY) e iy paill (aa Jeady g
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Az pall ol e LSl (3le () An pall @l e lS 300 (g iy sl (il sal alaal
dalus <) (55<5 Drainage basin o< sale

dalie sl oS8 Catchment area ¢ sSS Laiy

watershed Sl cay paill (a sal and jo gra s JSG

DS Ak () Jeat A ¢ Andandl s s dndand) oball AS pa e s o S iy puail) (s S
& peak flow sl sl ddlle dddy e iy pwaill (585 ¢ (sl watershed outlet

850 aaa s de yu olall de a5 5S Cua Round-shaped watershed JS&N 4, Al ) saY)
<l il 5 Jsaall Jae Sl Elongated watershed (=Y shll JSal <y (al a1 e 5S1 Gl sl
.high peak storm flow (a=xis ghoall g sl dlaiul lgie iy Liay)



s adone 7 /s

Elongated watershed § Round-shaped watershed

watershed J&aI (e

-2 AN Jal ga) s 48N} 48y calbaty Ailall (ol gad) 5
Land use o=_¥) Jlexinl -1

Soil loss and productivity Ll s 4 gl oyl -2

Water quantity and quality sl dae 55408 -3

Wildlife populations and habitat d_xll ebisll g LSl g 25000 -4

Social factors, and economic factors 3ba®®¥l y elaia¥) Jalall -5

: watershed 4slall () ga¥) o lad¥) bl @) il

Artificial changes that occur in a watershed |
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Watershed water balance 4sitall (il sadd dilal) 45 ) gal) Adalae

jc_u_F:ds:ua;)u\bmbu\ydﬁu‘;wua,ﬂ\‘;mmuwwuj\}md’m
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RSP DR PN FETPEN| EEENA PR

A bl Lo ]l (S Ailal) poal sa DU Alall 4G ) gal) Alslae

P= ET + SF + GWD = SMC = GWS

P = Precipitation (gain) (<L 4_5.4.:} dad) gl
ET = Evapotranspiration (Ioss] (-"'-"344@) 1'-'-'-_)5.5'51
SF = Stream flow (loss) () Jigall 2 b jall

GWD= Ground water discharge (loss) ( (J2a8) 44 gall slpall oy o
SMC = Soil moisture content (gain or loss) (Juis! gl jlaad ) 4 7l 4y gha
GWS = Ground water storage (gain or loss) (LSl gl laa8) 48 gall sluall 1 38

O Ak b i Gl ¢ Allaall CULS e 8 (55 Alobaall 638 aladiiul 8 A8l A gaaall )
Al 8 Aiial) Al (e Adiall Al i 52y Ll il yuaal

e>hnd) Gloall JS L paati Al a8 gall o) ddaiill (e 3 Le 3 Concentration point S Al dads
i pealll el oy S (pasall 7 A () (la adl aald 5 Mie e g jA0 5 Lealie a5l
.measuring point osball ddaisy Liayl s =i s ddadill 024 e Discharge

(o 4ol amy) e laall 3 ylad aaliag (53l o gllaall e ) ; Concentration time S Al ()
30l 4y shall Cocal gall 8 age Jale g5 cout let sl (2ik) diles ) doail iy poaill (in gm0
oMb 3ens Flood 3,mS bl &saa caan Bl (adans 0l e (52685 (e 508 o S5 Al
Te

AU Jalad) Jalas qullaty Ciy pualil) 22 52 morphometric ¢ siesdsall Jaladll g paibad )

stream order U=sall A L) Jisas e -]
Length of stream  Jslaall Ji skl -2
Drainage density (Dg) < p<ill 436 .3
Drainage pattern —u paill &l 538 hlail -4
Watershed slope (Ws) Wl o= all Jue -5
Watershed Relief (H): =5l gl& )l -6
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Cay yaill mga 8 Ailall gl sy ) ) Judacll e 3 ) —:Stream order Jsasd) 4
cle i L Gal s (aasall el 3 ¢ 5S5 First stream order Y 4l (s 3 el J saaldl SUiai
13%a 5 second stream order 46l A5 ) e J s 5S35 (A g¥) A1 e Gl gan L& die 5 Leld
(Aled) i) 3 o sSid ) e JIsasdl s (Strahler , 1954 ) Jaa) yiw allall oUsill s 5la 38

. Watershed (el sl et 345 ) B8 5 iy puaill a5

BN Stream Order

Bifurcation Example

el Gl
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Watershed Slope (Sw): Aall gagall S

o s S Sl G sall (8 sl 5 )l A jat s Gloadl Ao ju e s Al las agal) (aibadd) (1
slall ot 1) (g ymall (& i ) idads L3 VL (§LA G Al Jiag 5, 48 sall olall 4033
g Jshall e 4k sania

It is the rate of elevation difference along the principal flow path. It is calculated as
the elevation difference between the two end points of the main flow path divided by
its length.

Sw = hs/ Ls
Sw = is the slope of watershed in m/m ~ Jxl)

h¢ = is the elevation difference between upper and lower points of main flow path in
M, ) nall put )l e IS liual) Al lad) A0ail) (y 165,31 5 (3l

L= is the length of main flow path in m. &l
Watershed Relief (H): gy (& Gl

Caoall Al e s ¢ el (mgal) o ddais Jil 5 e o el o (5 s e iV 8 Gl Jiay
H

Watershed relief is the elevation difference between highest and lowest points of
valley floor.
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2- volume of infiltrated water < than the volume required to saturate this zone.
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Wyr il frequency <)y ,Sill 553 (6 ) o dagel] Cisjloaill maiags (1) Jsanll

Daily mean flow (m*/s) Frequency Relative frequency (%) Cumulative frequency (%)

0-0.05 250 2.65 100.00
0.05-0.1 923 9.78 97.35
0.1-0.15 927 9.82 87.57
0.15-0.2 814 8.63 7775
0.2-0.25 708 7.50 69.12
0.25-0.3 589 6.24 61.62
0.3-0.4 881 9.34 55.38
0.4-0.5 641 6.79 46.04
0.5-0.7 958 10.15 39.25
0.7-1.0 896 9.49 29.10
1.0-1.3 553 5.86 19.60
1.3-1.6 357 3.78 13.74
1.6-1.9 222 2.35 9.96
1.9-2.1 117 1.24 7.61
2.1-2.4 127 1.35 6.37
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Total water footprint (WF) of a crop

WF= WF green (m3/ton)+ WF blue (m3/ton)

cw\w@.ﬁd\‘;\a&&\emm M\w;\ﬁ)}\ahﬂ\ucbﬂé\ﬂ\@w\d_y..a;.a)\.m
slall 0 sSiaale 5 ¢ LAY BRUd) 3 (2784 m3/ha ) &V el 3hlidl 4 sl o) dalaul)
Lﬁ)&\sz\ﬂsd;ﬂyqjﬂﬁusj‘;c\)}\cm:ﬁ\&wg;lﬁ‘)‘}l\ow\w:\éﬁdﬁc\)..'aij\

by shae A ga A3 5 Gyl LB (/3 Adaiad) J geanal dtilall dacad) e g olial Jsanl

(8 saxal)) 4uilal) danal) 28 30 sleall &) puadl) sleall ALy
2212 131 2081 LS
3400 988 2412 Ol
1968 457 1511 Ly g
1876 650 1226 3l

slall al s Calide & DA sluall &) il calalasind e ALl

ia>Ldl | navigation m blue

S forestry tree biomass
ST excluding for energy blue + green
™ . - o
aleatiiVl g daludl 3hlic recreation/tourism } o :‘ blue + green
— .
4Ll ==
sl gdoliall | Manufacturing industries gl blue
Adbiddl Sl T itiple uses of reservoir blue
4alall bl jall
.
4l Bl gquaculture - blue + green
. ivestoc — 1" food Jlue + green
Aol * non-edible
* feed

* biofuels

7’ +
b aladll Crops — 1. on-edible \‘\,""\‘[ \‘l, blue + green
* food Mmdr M

..........................................................................................................



J.&cf\_\.\l:d\z)mhd\ ZJELAJJ\}A}@}X}JM

A drop o— --than
of a sack

water ' { oF 9o/d
Is to a

worth . thirsty

more... man-



s Al 15

JMaa¥) olua dlaa Jal e Al Gl sad) Jajadg 8aL 3 Gk
Surface sealing
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ADVANTAGES AND DISADVANTAGES OF RUNOFF-INDUCEMENT
METHODS
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-The resulting surface of the treated area should be relatively smooth and
impermeable to water,
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— The treated catchment area should have a high resistance to weathering
damage
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— The treatment should be able to resist damage by hail, intense rainfall, wind,
occasional animal traffic, plant growth, insects, birds and burrowing animals.
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The treatment should be inexpensive on an annual cost basis, and should
permit minimum site preparation and construction costs.

— Operation and maintenance should be simple and inexpensive, and the
lifespan of the treatment should be as long as possible.
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— Runoff water collected from the treated area must be nontoxic to plants and
should not be harmful to human health
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Manipulation of hydrological processes of concern to water resource management

Hydrological process

Human intervention

Impact

Precipitation

Cloud seeding

Increase rainfall (2)

_Evcporotion

Irrigation

Change vegetation cover

Change rural to urban

Increase evaporation rates
Alter transpiration and interception rates
Increase evaporation rates

Change land use
Land groinoge

River transfer schemes
Water abstraction

Storage Change land use Alter infiliration rates
Aquifer storage Manipulating groundwater storage
and recovery (ASR)
Land drainage Lowering of local water tables
Building reservoirs Increasing storage
Runoff Alter overland flow rates

Rapid runoff

Alter river flow rates

Removing river water and groundwater
for human consumption




