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Traditiondly, dreamflow is edimated fran a linexr time-invariant basn response function
with effective ranfdl as input, which in turn is edimated from point ranfdl observations
usng a runoff coefficdent. With the advent of powerful computers this concept has been
extended to gray-box type conceptua models. In this sudy the Variable Source Area (VSA)
conceptua modd  has been invedigated and its extenson by Raper and Kuczera (1991) has
been modified to goply to Little River catchment located west of Mdbourne, Audrdia Modd
paameters were fird optimized usng a combination of GaussNewton and steepest descent
agorithms and later fitted to selected sorms by the least squares method.

1.0 Introduction

Ranfdl-runoff process in a watershed is too complex to be determined amdyticdly, and
therefore, smplidic procedures have been used by hydrologigs for quite sometime.  The
lineer time-invariant basn response function or the ‘unit hydrograph’ as it is often cdled,
proposed by Shermaen (1932) is ill in use (Kachroo, 1992). However, its use is vey limited
because of the necessty to separate direct runoff from baseflow, which is farly arbitrary. At
present the most popula methods are based on conceptud rainfdl-runoff modds which
proliferated rgpidly in the past three decades because of the avalability of powerful
computers.  The type of conceptud modd, most widdy used, condds of a series of dorage
tanks interconnected by conduits and flows governed by proportionate digribution among
tanks representing surface detention, direct runoff, groundwater Storage, efc.  Another type,
developed firg by Hewlett and Hibbert (1963, 1967) is the variadle source area (VSA) modd.
The latter type assumes that rapidly responding flow (quick flow) is mogly the precipitation
fdling on a contributing subwatershed within the topogrgphicaly defined watershed, and not
apercentage of rainfdl faling over the entire watershed.

Rgper and Kuczera (1991) smplified the VSA modd by an indined soil mass where a
perched aguifer forms during precipitation. Formation of ephemerd perched aquifers have
been obsarved in the fidd and reported by O'Loughlin (1981), Smith and Hebbert (1983), and
Moore et d. (1986). There are saverd hypotheses about the causes of formation of such
trangent aquifers  One hypothess is that initid sorm bursts causes colloidd disperson of
clay paticles which permeste downwards and clog the pores Raper and Kuczera assumed
that the perched aguifer behaves like a suspended mass of water in a container mede from a
permesble membrane.  When the perched water table intersects the soil surface a seepage
zone forms.  Rainfdl minus losses fdling on the seepage zone manifests itsdf as quick flow.



Depletion from perched aquifer occurs ether in the form of percolation or as interfflow. Reper
and Kuczera cdled thar modd CATPRO and gpplied it to esimaie monthly flows of Samon
cachment in Western Audrdia The author adopted CATPRO because of its demongrated
auitability in Audrdian conditions and modified it for use in edimating Sreamflow from a
ranfal event. The author' smodd is described in the next section.

2.0 The M odd

A schemdic representation of the modd isgivenin Fig. 1.

Rainfall
a

N Quickflow

Il
Percolation

Fg. 1  Schemdic representation of VSA conceptud mode. U represents unsaturated
zone and W is perched aquifer.

The components of the modd are (i) An indined soil mass which is very long compared to
its depth and has a water holding capecity of Snax, (i) S is the perched aquifer storage a
ay time t, (iii) Deep percolation from perched aguifer occurs a the rae D and is
determined by multiplying the saturation length (length of W in the figure) a the bottom by
a coefficient, C4. Since the soil drip is assumed very thin, the saturation length a the
bottom (L) and that at the top are assumed equd, (iv) The rain @) fdling on the soil mass
in W undergoes no loss and flows as direct runoff and routed through a nonlinear reservoir
with sorage coefficient K and exponent m (RORB modd of Laurenson and Mein, 1990),
(v) P fdling on unsaturated soil accretes with perched aquifer but part of it is lo which is
edimated by multiplying the length of exposed soil by C, and (vi) the rationship between
L and S isgivenby L= (S/Svax)¢, Where exponent eis a parameter.

3.0 Case Study

The case study uses data from the 413 kn? Little River caichment located west of
Mdbourne, Audrdia Storm data is avalable for the cachment snce 1965. The modd
was fitted to the data and the parameter vaues were optimized usng NLFIT (Kuczera,
1987). NLHT uses a combination of GaussNewton and sSteepest descent dgorithms
(Marquardt | may vay beween 0 and 2) and gives a multivariale normd probability
digribution for the modd parameters. The mean of the didribution provides the optimized
parameters.  Since the present model has seven parameters, viz, K, m €, Syax, Cu, Cq, ad
S/Snax, it IS possble to obtan innumerable sats of vaues of these seven parameters which

would satisfy the leest squares criterion of being optimum. The choice would narrow down
condderably if only redidtic values are congdered.



Such modd fitting exercise essentidly condsts of reproducing the pesk and the basn
lag or the time to pesk. Since thee vary from storm to sorm, the cdibration of parameters
is dependent on sorm characterigtics, which has been known to hydrologigs for a long time
and thus pooling of parameters inferred from many sorms is a dandard practice.  In this
dudy different sets of pooled parameters which reproduced pesk and basn lag of
hydrographs wel, were used to generate synthetic hydrographs. It was found, howewr,
that different sets of parameters generated different shapes of hydrographs, though pesks
and base lengths remaned the same. This agpect was further invesigated and possible
influence of each parameter on the shgpe of the hydrograph was <udied.  Further
investigation reveded that for each hydrogreph, the value that each parameter assumes has
a plausble explanaion for the particular shgpe of the hydrogrgph. In other words the
shape of the hydrograph reflected what is to be expected when the vadue of a parameter was
varied.

The normd expectaions on hydrograph shape from modd parameters ae the K
parameter represents the delay time to pesk and a higher vaue would cause dower rise or
fdl. When mis equd to 1, the conceptud reservoir is Inear, and Teo (1988) sudied 36
cachment hydrographs and found that m gets lower as drier the basin gets.  The effects of
the coefficients C, and Cy can be explained from the dudies of Ogawa & d. (1992), who
noted that soil medium contans an intricate network of meacropores, especidly in the root-
zone, which acts as hydrallic conduits and tranamits water rgpidly throughout the
unsaturated columns so much o that there is no excess water flow as long as there is water
siress.  The e vaue of grester than unity gives a concave downward curve in L versus
SSnax plot and bears the ample explandion that some aress get saturated quickly and other
aress require greater effort to get saturated. The converse is dso possble, which is getting
a condderable portion of a cachment saturated initidly is difficult, but once that hgppens
the rest of the area follow suit quickly. Therefore a knowledge of caichment geology is
necessary to decide on an e vaue.

A large number of computer outputs was generated varying the vadue of each parameter
and they were plotted to observe the trends and influences The following generd
observations were made with the variation of parameters

1. The pesk discharge increases as Syax decreases.

The pesk discharge decreases as K increases.

The basin lag decreases as mdecreases.

AS S/ Snax increases, theinitia flow vaue incresses.

As exponent e decreases the peak increases and basin lag decreases.
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Hydrograph peek and volume increase asC,, decreases.
7. Thebasn lag increases as Cy decreases.

It was observed that the shape of the hydrograph varied consderably with the degree of
dryness or wetness of the basn. Thus it was fdt that a fathful reproduction of the runoff
characteristics should have a suite of hydrographs each representing different degree of
wetness of the basn.  With that objective in mind, four different sorms, which occurred
over the little river catchment were sdected representing basin conditions from very dry to
very wet.



In the next sep, parameters were varied in accordance with the procedure outlined here
s that the synthetic hydrograph shape represents the observed shgpe. This procedure

involved dividing the base of the hydrograph into n intervds. For any intervd i and for
each of the saven variables a directiond derivative was condructed and its component in
the vertica direction was determined, ie, a change in the direction of the arow (see FHg. 2)
for unit change of a given variable was computed by meking two smulaion runs with only
changes made in one given varidble. Let's cal thee X; wherei =0,..., n ad j=1, ...,
7. Each X; was then multiplied with a weight a; so that a; X;; represented the tota distance
the modd hydrograph had to move to reach the observed hydrograph at point i.

Discharge
A

Observed

odel

>'I‘|me

FHg. 2 Observed and modd generated hydrogrgphs  Arrow shows the direction in
which modd should be moved by varying the parameters.

Evidently, the weights would be different for different i points The set of equations which
needed to be solved to determine the optimum vaues of these weights are:
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where vy; is the difference between observed and modd hydrograph vaues a point i. This
optimiztion problem was handled by least squares method and the solution was obtained

by
a=(xX"x)xTy

where a is a vector of a vaues X is a marix of dl the X; vauesand Y is a vector of y;
values,



4.0 Resultsand Discussion

The mehods outlined &bove, which involve optimizetion & two leves within the
framework of leest sguares edimdion technique, were gpplied to four sorms which
occurred over the Little River caichment. Storm 1 occurred in February 1973 in very dry
conditions, Storm 2 occurred in October 1976 in very wet conditions Storm 3 occurred in
November 1978 in rdaivey dry conditions and Storm 4 occurred in October 1983 in
relatively wet conditions. A lig of the parameter vaues for dl these sorms computed
usng the afore-mentioned techniques are given in Table 1. Furthermore, Imulation with
these parameter vaues were carried out and it was found that the error in each case was less
than 5 percent in the totd volume of flow, which is an acceptable vdue in normd
hydrologicd practices.

The four modds can be gpplied to etimate the runoff from the watershed in the event of a
gorm. As to which modd is gppropricte a what time, a knowledge of moisure content of
the basn is necessry. This can be done usng a soil-moisure accounting modd, for
example, the CRAE modd of Morton (1985).

Table1l Parameter vaues of the modd for four sorms on Little River catchment.

Parameter Storm 1 Storm 2 Storm 3 Storm 4
K 4.2 2.0 4.0 4.0

m 062 0.% 071 071

e 15 15 15 15
Shax 44 44 44 44

Cu 030 002 024 0.1

Cq 0.80 001 080 0.1
S/Smax 0.0 031 014 019
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