
Journal of Basic and Applied Engineering Research 
Print ISSN: 2350-0077; Online ISSN: 2350-0255; Volume 2, Number 9; April-June, 2015 pp. 758-760 
© Krishi Sanskriti Publications 
http://www.krishisanskriti.org/jbaer.html 
 
 

Rainfall Runoff Modelling of Madhura  
Watershed Using Snyder’s Model 

Raunak Ghosh1 and Parthasarathi Choudhury2 
1M.tech Research Scholar National Institute of Technology Silchar- 788010, Assam 

2National Institute of technology Silchar-788010, Assam 
E-mail: 1raunakg.91@gmail.com, 2ps_chou@yahoo.com 

 
 

Abstract—Derivation of unit hydrograph for an ungauged 
watershed having no rainfall records is important for planning and 
management of water resources. Usually, models that rely on 
geomorphological characteristics of a catchment are used to define 
rainfall-runoff relationships of an ungauged catchment. Accuracy in 
predicting run off response by an established model such as SCS, 
IUH, NASH depend on the accuracy of the estimated 
geomorphological parameters and can be improved by using GIS 
techniques. In this paper a study is carried out to ascertain the 
effectiveness of GIS in deriving unit hydrograph of an ungauged 
watershed by employing Snyder model. Madhura watershed in Barak 
basin, an ungauged catchment, of area 349.43 sq. km, is the selected 
as the study area. Geomorphological features of the watershed are 
estimated by applying GIS technique and are used to determine the 
Snyder model parameters Cp, the peak flow factor, and Ct, the lag 
factor. Unit hydrograph for the catchment is obtained by using 
computed Snyder parameters are compared with the known values to 
determine efficiency of the model. Results obtained indicate 
satisfactory model performances. 

1. INTRODUCTION  

Water is one of the most basic requirements for life on planet 
Earth and also, one of the most important available natural 
resources. With the fast paced growth in population, 
urbanization, industrialisation, and advanced agricultural 
practises, it has become a prime concern for proper 
management and utilisation of the available water resources. 
Hydrologic modelling, primarily rainfall-runoff modelling is 
an effective means of utilisation and management of the 
available water resources. In most of the countries, watersheds 
are ungauged or very poorly gauged with hardly any record of 
rainfall or stream flow data, as a result, establishment of 
rainfall runoff relation in such poorly gauged or 
completelyungauged catchments become very difficult and 
sometimes, quite impossible.Derivation of unit hydrographs 
for ungauged catchments, which are required for modelling 
purpose also become complicated.And so was Synthetic Unit 
hydrograph introduced. Synthetic unit hydrographs were 
derived by using established relations between the basin 
parameters and unit hydrograph parameters of the gauged 
basins to the ungauged basin in the hydro-meteorologically 
homogenous area.Some common synthetic unit hydrograph 

techniques for ungauged basins are Snyder’s SUH, SCS 
Dimensionless hydrograph, Instantaneous Unit Hydrograph 
(IUH) and Geomorphological Instantaneous Unit Hydrograph 
(GIUH). Hydrologic models that rely on geomorphological 
parameters can be applied to derive synthetic unit 
hydrographs. Geographic Information System (GIS), a rapidly 
advancing tool, in the field of spatially varying objects can be 
used in calibrating geomorphological parameters. 
Incorporation of GIS techniques in existing hydrologic models 
ensures superior model accuracy and applicability. In this 
paper, a study has been has been carried out in the Madhura 
watershed of Barak basin. Snyder’s Synthetic unit hydrograph 
technique has been used. The geomorphological parameters 
required are obtained using GIS. 

2. SNYDER SYNTHETIC UNIT HYDROGRAPH 

The Snyder method is the precursor to all synthetic unit 
hydrographs. Snyder proposed a synthetic unit hydrograph 
model based on relationships found between characteristics of 
a standard unit hydrograph and descriptors of basin 
morphology. Since peak flow and time of peak flow are two of 
the most important parameters characterizing a unit 
hydrograph, the Snyder method employs factors defining these 
parameters, which are then used in the synthesis of the unit 
graph (Snyder, 1938). The basic assumption in this method is 
that basins which have similar physiographic characteristics 
are located in the same area will have similar values of Ct, the 
lag factor, andCp, the peak flow factor. The hydrograph 
characteristics are the effective rainfall duration, tr, the peak 
direct runoffrate, qp, and the basin lag time, tp. From these 
relationships, five characteristics of a requiredunit 
hydrographfor a given effective rainfall duration, viz., the 
peak discharge per unit of watershed area, qpR, the basin lag, 
tpR, the base time, tb, and the widths, W (in time units) of the 
unit hydrograph at (W50) 50% and (W75)75%of the peak 
discharge, may be calculated.A standard unit hydrograph is 
associated with specific effective rainfall duration, tr, defined 
by the following relationship with basin lag, tp, 



Ra
 

Fo
dis

Th
L i
to 
out
wa
dis
bas
dif
hy
 

Th
rel

As
UH
tim
 

Wh

Th
per
(19

Wh
the

3. 

Ma
stu
eas
cat
hig
of 
is 6
24

4. 

Hy
the
der

ainfall Runoff M

Tp=5.5tr
 

r a standard un
scharge, qp, are

tp= C1Ct

 
qp= (C2C
 

he basin lag tim
is the length of
the upstream d
tlet to a point

atershed area, a
scharge of the 
sin area in km2

fferent from 5
drograph is cal

TpR= tp-
 

he peak discha
lated as  

 QpR= (q
 

ssuming a trian
H represents a 
me of the requir

Tb= (C3*
 

here, C3 is 5.5

he width in hou
rcentage of th
988) as, 

W%=Cw

 
here, the const
e 50% width.  

STUDY AR

adhura watersh
udy area. It is 
stern region o
tchment sprea
ghest elevation
the main strea
6th of length 14
°45’ N and 25°

MODEL AP

ydrologic respo
e geomorpholo
riving UH 

Modelling of M

Print ISSN:

r 

nit hydrograph
e given by, 

t(L*Lc)
0.3 

CpA)/tp 

me of the stand
f the main strea
divide, Lcis the 
t on the strea
and C1 = 0.75 (
standard unit 

2, and C2= 2.75
5.5tr, then ba
lculated as 

{(tr-tR)/4} 

arges of the s

qp*tp)/tpR 

ngular shape f
direct runoff v
red UH may be

*A)/qpR 

6 (1290 for the

urs of the UH a
e peak dischar

w*(qpR/A)-1.08 

tant Cwis 1.22, 

REA 

hed, located i
the second la
f India. Madh

aded over an 
n of 1740 m fr
am is 52.61 km
4.59 km. the w
°15’N, and lon

PPLICATION

onses of a wat
ogical charact

using Sny

Madhura Water

Journa
 2350-0077; O

h the basin lag,

dard unit hydro
am in kilometre
distance in kil
m nearest the
(1.0 for English
hydrograph is
5 (640 for Eng
asin lag for t

standard and r

for the UH, an
volume of 1 cm
e estimated by,

e English syste

at a discharge 
rge qpRis given

for the 75% w

n Barak basin
argest river sys
hura watershed

area of 349.
rom main sea 

m and the highe
watershed lies b
ngitude 92°45E

N 

tershed are fou
eristics of the

yder’s techni

rshed Using Sn

al of Basic and 
Online ISSN: 23

(
, tp, and the pe

(

 (

graph is in hou
es from the ou
lometres from 

e Centroid of 
h units).The pe
 in m3/s, A is 

glish units).If tp

he required u

(
required UH 

 (

nd given that 
m (1 in), the b
, 

 (

em). 

equal to a cert
n by Chow et 

(

width and 2.14, 

n, is the selec
stem in the no
d is an ungaug
43 sq. km w
level. The len

est ordered stre
between latitud

E and 93°15E. 

und to depend 
e watershed. F
ique watersh

nyder’s Model

 

Applied Engin
350-0255; Vol

(a) 
eak 

b) 

(c)  

urs, 
utlet 

the 
the 
eak 
the 
p is 

unit 

d) 
are 

(e) 

the 
ase 

(f)  

tain 
al. 

g) 

for 

cted 
orth 
ged 

with 
ngth 
eam 
des 

on 
For 
hed 

characte
area, et
using G
1:50,00
and geo
is then
(Advan
with re
Topogra
provide
are re
gdem.as
respecti
drainag
stream 
estimate
equation
derived
check th

5. RE

From 
Hydrog
synder 
area of
kilomet
distance
nearest 

neering Resear
lume 2, Numbe

eristics such a
tc. are required
Geopgraphic In
00 are collected
oreferenced usi
n used to ca
nced Spaceborn
esolution 30m
aphy Mission

esdigital elevat
eadily availa
ster.ersdac.or.j
ively. The DE
e network. O
lengths of diff
ed watershed p
ns to derive 

d SUH is then 
he validity of t

4.1.: Figure
stream

ESULT 

a derived G
graph with dis

synthetic unit
f the watersh
tres from the o
e in kilometres
the Centroid 

ch 
er 9; April-June

s stream order
d. These chara
nformation Sy
d from survey
ing Arcgis 10.

alculate the a
ne Thermal an

m x30 m and
n) with reso
tion model (D

able in the 
p) and 
EMs are furth

On the basis 
fferent stream 
parmeters are t

the Syntheti
compared to 

the model. 

e: Madhura wa
ms of different st

Geomorpholog
scharge of qpR

t hydrograph t
ed, A, length
outlet to the u
s from the outl
of the watersh

e, 2015  

r, stream length
acteristics can b
ystem. Topoma
y of India and 
.1. The georefe
area and leng
nd Reflection 
d SRTM (Sh
olution 90m 

DEM) for a wa
websites(htt

(http://srtm
her processed
of the draina
order are dete
then applied in
ic Unit hydro
an already exi

atershed showin
tream order 

gical Instantan
R= 2.27 m3/s.k
technique is in
h of the main
upstream divide
let to a point o
hed area, Lcare

759 

h, watershed 
be estimated 
aps of scale 
is processed 

ferenced map 
gth. ASTER 
Radiometer) 

huttle Radar 
x 90 m 

atershed and 
tp:// www. 
m.usgs.gov/) 

d to prepare 
ge network, 

ermined. The 
n the Snyder 
ograph. The 
isting UH to 

 

ng  

neous Unit 
km2.cm, the 
nitiated. The 
n stream in 
e, L and the 

on the stream 
e determined 



76

usi
res
lag
usi
(c)
cal
hy
eff
km

5.1
 

GI
SU

 

5.2
SU

6. 

Th
par
Th
geo
Th
qu
mo
im

7. 

I a
for

RE

[1]

[2]

[3]

0

ing GIS as 3
spectively. The
g factor, andC
ing the above 
), and are fou
librated Ct and
drograph of a
ficacy of the m

m., L= 4.23 and

1 Table: Model 

MODEL 

IUH 
UH 

 

2 Figure: Com
UH for Madhu

CONCLUSI

he present stud
rameters viz., C

he estimated S
ographic locat

he described m
ite accurate. 
odel performan

mproved with m

ACKNOWL

am very much 
r his constant gu

EFERENCES 

 Snyder, F. F
Union, vol. 19

 Chow, V. T., 
McGraw-Hill

 Ramirez, J.A.
hydraulics, Co

Print ISSN:

349.43 sq. km
e regionally v

Cp, the peak f
ascertained p

und to be as 
d Cpare then 
a sub watersh

model. The sub
d Lc= 17.31.  

Comparision of

Time to 
peak(hours) 

1.1 
.9 

 

mparison of 1
ura sub waters

ION 

dy provides a r
Ct, the lag fact
Snyder param
tions to derive

method is very 
The results 

nce. The Sny
more number of

LEDGEMENT

grateful to his
uidance and advi

F., Synthetic Un
9, pp 447-454, 1
Maidment, D. R
, New York, US
, Prediction and
olorado State Un

Journa
 2350-0077; O

m, 14.56 km 
arying parame

flow factor are
arameters in e
.12 and .55 

used to deriv
hed of Madhu
b watershed is 

f Madhura sub 

Peak 
Discharge 

177.1 
179.33 

1 Hour UH u
shed. 

report on estim
tor, andCp, the 

meters can be 
e UH of ungau
cost effective,
obtained indi
der parameter
f model perform

T 

s supervisor Pr
ice in the work.  

nit-graphs, Tran
938 

R., Mays, L.W., A
SA, 2013. 
d modelling of fl
niversity, USA. 

al of Basic and 
Online ISSN: 23

and 52.661 
eters viz., Ct, 
e then calcula
equations (b) a

respectively.T
ve Synthetic U
ura to check 
of area 72.78 

watershed 

Base 
Time(hours

2.5 
2.26 

 

using GIUH a

mation of Sny
peak flow fact
used in simi

uged watershe
, time saving a
icate satisfacto
rs can be furt
mances. 

rof.P.SChoudhu

ns. Am. Geoph

Applied hydrolo

lood hydrology 

 

Applied Engin
350-0255; Vol

km 
the 

ated 
and 
The 
Unit 

the 
sq. 

s) 

and 

yder 
tor. 
ilar 
eds. 
and 
ory 
ther 

ury 

hys. 

ogy, 

and 

[4] Cho
hav

[5] Cho
rain
jour

[6] Bhu
Hyd
jour

Ra

neering Resear
lume 2, Numbe

oudhury, P.S., 
ving, no land cov
oudhury, P.S., N
nfall-runoff mod
rnal of geomatic
unya, P. K., P
drograph Metho
rnal, 2011, 5, 11

aunak Ghosh an

ch 
er 9; April-June

Application of 
ver data, Macroth
Nongthombam, J
del for ungaug
csnd geosciences
Panda, S.N., G
ods: A Critical R
1-8 

nd Parthasarath

e, 2015  

NRCS Model 
hinkInstitue, 201
J., A Geomorpho
ged watersheds, 
s, Volume 2, No
Goel, M.K., Sy
Review, The op

hi Choudhury 
 

to watershed 
12, Vol. 2. 
ological based 

International 
o 2, 2011. 
ynthetic Unit 
pen hydrology 


