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Hydrologic cycle a6 15u01
It represents the water cycle on the earth or

is useful to study the mass balance of of
Ov

specified region Gijthe whole earth.

Mo &

i

Precipitation (P)
LP Lj_""‘—ul -
WA, o
' *Ry

- Runoff (R)

ranspiration (T)

)

S ale il 5 3~ g—— Groundflow (G)

o slgl g At
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Hydrologic cycle

Water is distributed in the hydrologic cycle as f
97. 5% as seawater and 2.5 g

2.5% as freshwater in
glamers and ice caps). ~Eer G Cl“‘h“%

e g7y
Components of the cycle are:

(2, ) )b «—= Precipitation (p), (%> >4
SR Evaporation (E),
i 2 o T O,
o Lot P Infiltration (f), g .
Z_‘;‘, Pl /‘ Surface runoff (R), Eﬁ"‘“‘ﬂaﬂ&:&g
o & @] " Oroumdwater flow (G) CE-

)

L \_-; U 5*
e it Cx L

AN
e

6

Hydrolo gic cyc]

For given region, the
Over the time appears

Vi total water volu
Vmi total water 19}

Hydrolog;

Ex: water bala

A dam lake of
for January «

. cumulative pr
\5‘-3- evaporation fi
\.L infiltration fr¢
the lake wate
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Hydrologic cy¢ alance 1, e

For given region, the change in water volumes (mass) |, q e ¢l U

over the time appears as a change in the storage (AS):
oLl

Precipitation (P)

AS =Vin"'vout : tTll-inmplmlm-|(1'1 L§_‘b 5{,\3—“

2 O l i 4000 | go Sl
o\, F e e Jetliton @ oty
-t = ——- " " > .
}-__9,|.JJ-L)] —

Ground Now G)

A @ —» Lk
. . - s
V. total wate% inters the region (system) (a5 Q@ gk

V.. total water l’_(.)_l_lll_llg leaves the region (system) >

. £, I S
Hydrologic cycle 10 92% b
Ex: water balance application / e

A dam lake of 40km? receives an average water flow of 0.56m/s R AT
ot & for January while delivers-0.48m%s as leaving runoff. The |, Wi sl

cumulative precipitation for January is 45mni cumulative) Tn S o dll op
Bl S evaporation from the lake surface is 125mnfand the cumulative

k- infiltration from the lake bottom is 25mn\11. Calculate the change in
| Tad £ the lake water level during January? sl
__}_‘Bt& © Soln:
Rain volume in  Evap. volume out
g S

54._.2.6| %
Runoff volume out
S STt A =i " An

B ; L.
llnﬁltml.iun volume out u L = e o

Runoff volume in
—lp |+
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G ilL Lo Asadadls adzielo

(5mm Hydrologic cycle \

Jooo

0-oL5M Volume in: .
Vi = 0.56X60x60x24x31 = 1,499,904m? —» ¥ Jua

V, = 0.045x40,000,000 = 1,800,000m3
Volume out:

5 Vi = 0.48Xx60x60x24x31 = 1,285,632m3
- At Lot | R-out 2 ¥
= it Vi = 0.125%40,000,000 = 5,000,000m?
Lot £ AL |y 0,025%40,000,000 = 1,000,000m?

AS =V, - Vout
= (1,499,904+1,800,000) - (1 ,285,632+5,000,000+1,000 000
=(93.985,728m? )
The change in the lake water level is a drop =
= 3,985,728 / 40,000,000 = 0.1m = 10cm.

]
e W
S

asgdaslel| Watershed definition .« o >#Q ol |g
walershed :- The watershed is defined as the land area that

. contributes surface flow. The catcfinent is the land arey
ole 3V bza that receives precipitation. The m@;’s usually large ang
(_}M\ contributes flow from surface and subsurface

= (groundwater) sources.

yasy,

Calchment - ~
" - CL,}-E""J
& ol
5}}&)‘
\Ya'tershed
basin - -
(o asle bt Jort

AT YAY:

8 oA 28 Eiolud
W Ol ]
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Watershed delineation Sosd gy
Watershed delineation means to mark the watershed
borders where surface flow from pre Pfeclpltatlon will
evolve.~, o"“"wﬂ'- =
Why it is important to delineate |§
the watershed?
Answer:
To compute Q from the
watershed!
Qo A™ ncouldbe 1. Q
L & v b £800E ol g
Watershed delineation _
aad Jid

Rules: o o

ules . f‘/P T 129}"} %
1. Locate the major stream, 2
2. Mark the peaks of surrounding hilltops,
3. Mark flow directions from peaks of h111t0ps to cross

contour lines at right angle, q.d e Uyl
4. Connect the marks at peaks to include the flow

direction arrows towards the ma_]or stream 5 !:\2!

Slow
J - N
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example

Watershed delineation

The resulted.

watershed

“pe

example

Watershed delineation

10

o
-
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watershed characteristics A A
PR
Wwatershed average S1ope: |

ooy

estimated from

AE : elevation difference along the main stream channel,

H : main stream Iengg, 1‘[_—1;‘2 pro_;ected distance.

Lower contour line

.......

Runoff

¥ Aueraae Wef%\nl %)‘0193 .
LS sonh b b Pt

Sope s Jer . 'L')J;),gu;ijsf@;
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qracteristics 3 iy (O
Watershed ch = ol

3 he flow. s ¥iss
o, o d | Examplesvateshed shape BT S T 5ol

— ad g

'i- . = ':bokt;r’Baslnl

. phs are more peaked and floods |
Tinore abrupt in narrow, steep basins than
in equant, gently sloping basins:' |

g PRI
i Momine & Sslso 12
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Watershed characteristics

Watershed contributing area: ___ () alds g

'I km’ Bnln - g
n

Flow
4
- -~
o
1/

Flow

Loy
Conclusion:
As area increases, the flow amount j

e ———

licreases, i.e. Q o, A

—_—

———

Watershed characteristics

Flow Flow

/\A

Time Time

Case A Case B

Steep watershed discharges flow like case A

Watershed of rough surface discharges flow like case B

=F

(5%l @
A Lud\ s
Sesd 28l

!
ﬁ)aﬁisju
514(93‘

13
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Watershed characteristics \
.t oustl$ Drainage density: <%+ aé1d
&4 el &l - The drainage density (D) is the ratio of the tota] |
of all streams formed to the watershed?ea\en&
R 5‘4'&\’ aca drainage density reflects the response of the Watf; The
D o835Vl | to the rainfall. It can be used to classify Watersished
' Usually high D values means high and quick Tegpn.
, (flow) of the watershed to rainfall. p Onse
PR ,
Rl L— >
SRk — A
' 5 D = Zeéy o
s )u‘"’w I .
POT Py Ly zero glope — 51-0 B A
) :
(42257 s gLt 3otk
T ET
Watershed characteristics
j';)lw J]_}»J » Ex:

Watershed A of 4.1km? area has streams of 11.2km totg]
length and watershed B of 0.58km? area has streams of
1.55km total length. If watershed A discharged peak
flow of 1m%s from 30 minutes storm, estimate the peak

flow resulted from watershed B when subjected to the
same storm?

Soln:

D,=11.2/410=2.73

Dy =1.55/0.58=2.67

Conclusion: D, = Dy (similfar watersheds)

Lets (7 Gord 8 -

14

14

AN
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Watershed characteristics

Soln:
The flow @ is directly proportional to the area A,

QoA or 0= k x.A, or ratio k = Q/A is constant.

' ] =uk
ol bemsyely 17U
%

AA AB

0, = (0.58x1)/4.1 = 0.141m¥s.

Watershed Bifurcation  drem £ olsgi
Stream order and Horton laws:

The stream order is used to classify watersheds. The
order 1 is assigned to the smallest stream in the
watershed, the order 2 is assigned to the next larger

stream, and so on. The Horton laws can be used for
computational purposes.

Runoff | Slrf’am Chﬂnnel

15 , ‘-‘/L"('Lyl

"
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Watershed Bifurcation T

Stream ordering rules:
When 2 streams of the same order (order i) are j Oineg
the stream formed has the order of i + 1. J
1
1
)
When a stream of order i meets a stream of order ; r1
then the stream formed has the orderi + 1. B
1 ; 1
2
—_-_‘-_--'-‘_
Watershed Bifurcation
Ex:

For the following watershed, order all streams ang
estimate the principal stream order.

Runoff

16
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Watershed Bifurcation

Soln:

The first streams are labeled by the order 1, finish the
rest using the rules mentioned previously. The principal
order (k) = the largest order resulted.

k=3

Runoff Princ:
rincipal order
Tt —————

|

Al 5 Jud) Of s TN U

Watershed Bifurcation o i
Changes in the watershed stream properties versus the | ALl po

stream order.

A T A _

17
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e D) fe q it

Watershed classification
L_|—Horton laws of streams:
Law of stream number (Bifurcation ratio)/
E e
%x(fﬂm}}; G/ Ni+l @ Ni_Rn ng U\
| & % (5‘./‘)\ where k is the principal stream order. Neg
e o) Mz v
\ c\/"' ____/Uq
Law of stream length
L A
Z Lr+1 - fid
Fi R T LuRt
U et |
——-_—_'_'-'—--

Watershed characteristics
Exercise:

A watershed of 5.71km? area has principal stream order
of 4. If streams of orders 3 and 4 have 1.23km and

0.45km total length respectively, compute the watershed
drainage density?

‘What is the length of streams of order 62

Zexo g
( ot ;_;U .S{f-l

18
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Mean and Uacionece gnd P‘foba?ih‘-lcs

o% vepete
gl I . @

Statistical methods in hydrology R 83 Z“;

OJDJ = (o]
The desien of su.rface water systems fiegcnds on natural iP5 P

hydrologic vanabh:: parameters like: precipitation, el
runoff, humidity, wind speed, etc. Such parameters are b luzt) s
random variables——=> Mg by § L Bl I
__.-.—-———-"_'-_- I e *

: i Ueoic)

To handle such hydrologic random variables, statistical
methods like the expectation, the variance, probability
distribution functions, and frequency analysis are used.
Such useful statistical methods will enable yg to obtain

the exceedance probability and the m—peﬂ;{(;d—qfor @
design purposes, constructing IDF curves for computing . szl
peak flows for sewer sizing. gai \ LN 5.0 .

— e ot
» el Q,ALG(JZ{)M(Q;J
%.OJJ@JL;‘AIL;!

Statistical methods in hydrology

The expected value:

Given a historical record of hydrologic variable (X), for
example the precipitation over n years, then the expected
value (mean or average) of the variable is estimated as:

1 & oo Expected value = meap
X=— z X . . 7
n<s % . Sy Exyo

e — E . o '
| = '
‘ ' "o
H

i

Do20o time

3\
. s " > s ' @ -a'é";'j
) @3'@@3@@‘5‘&\%‘&@—:
=D, 2000 Lo 2 JU"am éﬂé( zﬁ:" .
Jot S gue P gt mean a4
i 19
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Statistilcﬁl methods in hydrology\
s

The variance and standard deviation:

Given a historical record of hydrologic variable (X)
example the precipitation over n years, then the v for

Srrov is the squared deviation of the variable abOUta“fre
j" an _y(- ; expected value (mean or average):; = &J:I_;_L\’]ls
i I ):I'r'o(' 2‘3—"';1
G gl )l 1 ~p § Deviation /ean
" b & X i Xy .
o et . V= x‘__i R R, { e, /
it S _ _n—lg( '§ .
S vals sl | O et )
. gy 3+ S
. ‘ The standard deviation S =V T
2 R T
Ferod  Juis S Aetlgue oy
] L.BA:*L?(?W\;:.L.L o ubslal) 2df
. . ” —_\
Statistical methods in hydrology

20

Example:

Given a historical record of rainfall depths (x) for years
1995 — 2010 at gauging station in Jordan, Estimate the
mean and the standard deviation of the rainfall depth?

Year | Rainfall (nm) | Year Rainfall (mm)
1995 212 2003 188
1996 123 2004 141
1997 156 2005 197
1998 225 2006 180
1999 134 2007 96
" 2000 175 2008 150
2001 237 2009 207
2002 249 2010 167
20
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