


. What is the water cycle? Why is the progression of the

water cycle important?

. What problems might occur if we use an
uncorrected DEM for hydrological modelling?




1. Global Water Balance (Volumetric)

Precipitation Atmospheric moisture flow Precipitation Evaporation
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1. Global Water Balance (mm/yr)
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The hydrologic cycle is the system which describes the
distribution and movement of water between the
earth and its atmosphere. The model involves the
continual circulation of water between the oceans, the
atmosphere, vegetation and land.
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2. The hydrologic cycle concept
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2. The hydrologic cycle concept
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3. Components of hydrologic cycle }

Evapolranspiration Precipitation
- Interception Chverland flow

Infiliration
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Schematic diagram of the Hydrologic Cycle (after Domenico & Schwartz. 1990)




3. Components of hydrologic cycle
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Variable Level

Water Table
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The Drainage Basin as an open system
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[Lumped models W

J

Parameters do not vary spatially within the basin & response is evaluated only at the
outlet, without explicitly accounting for the response of individual sub-basins.

— Parameters do not represent physical features of hydrologic processes; model
parameters — area weighted average

— Not applicable to event based processes
— Discharge prediction at outlet only

— Simple & minimal data requirements, easy use
— Eg. SCS-CN based models; IHACRES, WATBAL etc.
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Lumped model — Black box
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[Semi — distributed models 1
J

parameters are partially allowed to vary in space by dividing the basin
into @ number of smaller sub-basins

Mainly two types: Kinematic wave theory models (eg. HEC-HMS model)
- simplified version of surface flow equations of physically based model

Probability distributed models - spatial resolution is accounted for by
using probability distributions of input i i
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[Distributed models 1

y,

parameters across the basin.
Advantage: structure is more physically based than lumped models
Less demanding on input data than distributed models

Eg: SWMM, HEC-HMS, TOPMODEL, SWAT etc.
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3. Natural phenomena ==> Develop a conceptual model
(depending on the intended use) ==> Create a water balance
equation to demonstrate this relationship.




'RAINFALL-RUNOFF PROCESSES \./
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Khéng khi chuyén ddng d6i luu cudng birc;

o Nhiét d6 khdéng khi & trén cao giam (dinh luat khi ly turong: nhiét do
giam khi &p suat khéng khi giam).

o Khoéng khi lanh di & tdc dd khé cho dén khi dat dén diém swong.

o Khi khéng khi dat dén diém swong, dd dm twong déi dat 100%
va may hinh thanh.

o Khi khéng khi tiép tuc bay I&n, khéng khi lanh di v&i tbc d6 am
wot, gay ra két tha vi khéng khi lanh hon khéng thé gitr dwoc

lwong am du thira. /
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5.1. Precipitation

tao ra cac diéu kién bao hoa trong khi quyén
(thwerng 1a mét sb kiéu nang khdng khi)

sw thay doi pha tlr hoi sang 16ng (hinh thanh
dam may)

N\
si phat trién cla cac giot mua dén kich thwoc
c6 thé két tua (co thé vwot qua van toc di 1én) j
y
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5.1. Precipitation

a. Phuong phap biéu d6 mua
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5.1. Precipitation

b. PP Binh quén s6 hoc (Arithmetical

Average Method)
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~~~~~~~ : 5.1. Precipitation

.
< P=1.62" c. Phwong
\\\\\\ phdp da gidc

(B) Thiessen

P =2.26"

(A)
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5.1. Precipitation

& P.P dwdng dang tri
(Isohyetal Method)
Basin L
¢ Precipitation
Gaging Station
600
Outflow
———e

' A =Zm:w,.R , where Zm:w,. =]
i=1 i=l

but the weights are defined by the contour map area as shown below and P is the

representative contour.
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5.2. Evaporation

BOc hoi phu thube vao:

 Blrc xa Mat Troi;
DO am khéng khi; :
Nhiét d6 khdng khi; « Tbén that do bay hoi co thé rat
T8c db gio; dang ké & bat ky vi tri ndo
Ap sudt khi quyén S that thoat do bay hoi t

dat co thé dwoc kiém soat
Evaporation is determined based on: b,ang C?Ch 'SUJ dung nhvleu |§)al
water budget lop phu khac nhau hoac bang
energy budget giai phdp hoa hoc
empirical formulae

pan-evaporation data
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gradient ap suat
hoi giam va lwgng boc hoi
thwong khong dang ké

Evaporation varies from day to day
Daily evaporation in Sri Lanka varies

from 1 to 10 mm/day but on
average it is taken as 4 mm/day
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5.2. Evaporation

Evaporation Pans
—

1 |
10"

wWooden Frame
s

A standard evaporation pan

Ch3u loai A tiéu chuan cua cuc thoi tiét: khong
son, bang sat ma kém, dwéng kinh 4 - ft (122
cm), sau 10 inch (25,4 cm), thung chira hinh
tron, dwoe gan 12 inch trén mat dat trén mot

khung go
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Rainfall, in/hr
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5.3. Storm hydrograph

Bare
Forest
Time
Soil type

4

Impermeable

Permeable

Time

Lwong mwa cang nhiéu
= |lwu lweng cang lon;

lvu vwe Ion = lwu
lweng I&Nn hon;

lwu vire dai va hep = xa
on dinh, lwvu vwe I&n va
doi xtrng = xa nhanh.

D6 thi hoéa va pha rirng
déu Iam gia tang tang
dong chay trén dat lién
vi n6 1a bé mat khéng
thAm nuwac.




5.3. Storm hydrograph
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EExcess Rain
Bl Infiltrated Rain
~Infiltration Capacity Curve

Rainfall or infiltration rate, (mm/hr)

time, t
Hyetograph

Hydrograph
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Infiltration rate (mm/h)

Time from start of infiltration (h)

soil type

soil moisture

D6 tham cla dat (soil permeability)
ground cover

drainage conditions

depth of water table

intensity and volume of
precipitation
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Phuong phdp t6c dd thdm ban ddu va thdm 6n dinh
(Intial and Constant Rate)

Phuong phdp chi s6 CN (SCS Curve Number)
Phuong phdp tinh tham Green va Ampt

Phuong phdp tinh todn dd am clia dat (Soil Moisture
Accounting)




— Precipitation

— Infiltration capacity Vi dl.l v‘é tl’nh 'ha’m
fo(t—ty) =1 + (Hor'on)

(fo -1 Je K(t-to) e

Infiltration rate

Horton (1930s) studied infiltration process
and suggested the following relationship
for determining infiltration

mike (fo 'fc) e-kt

Where

f infiltration rate as a function of time, (depth/time)

fc final or ultimate (equilibrium) infiltration rate

fo initial infiltration rate

K = a constant representing the rate of decrease in infiltration
capacity e

'




Vi du vé tinh tham
(Horton)

-

Horton Equation

One of the most widely used infiltration models 1s the three parameter equation developed by
Horton (1939):

f=f +(f,—£)e®

where f 1s the infiltration rate at time t, f; 1s the infiltration rate at time zero, f; 1s the final
constant infiltration capacity and T 1s a best fit empirical parameter. Horton’s equation
has seen widespread application in storm watershed models. The most commonly used
model that uses Horton’s method 1s the Environmental Protection Agency Storm Water
Management Model (Huber, 1981).



Streamflow = surface runoff + underground flow

River discharge (streamflow):
Volume of water that flows past a
point in a certain time




Soil Water Balance

A water balance equation describing these changes for any period of time 1s expressed as:
ASM=P+IR-Q-G-ET

where ASM 1s the change m soil water storage in the soil profile, P is precipitation, /R is
irrigation. G 1s percolation water, £7 1s evapotranspiration, and O 1s surface runoff. All quantities
are expressed as a depth (inches or mm) of water over a study area for a specific period of time.
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