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ABSTRACT A lumped-parameter rainfall-runcil model is used to predict the long term natural variabilily of runoff from

approximately 100 years of daily rainfall and temperature data. Two eatchments from the Clarence Basin in Australia

lustrate the simplicity and accuracy of the approach which can work quite well even if only two fo three years of daily

streamfow have been recarded for model calibration.

1. INTRODUCTION

To assess the natural variability of runcif, for purposes

including water supply evaluation, requires long term

recards, or scenarios of climate variables, a rainfall-runofl

eatchment of interest and, prelerably,
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stream discharge records to aid the model development.

The lypes of rainfall tunofl models a able for predict-
ing supply at the catchment ontlel are physically based,
ernpirical and conceptual. Arguably, conceptual models
offer the best combination of ease of application and pre-
dickive accuracy. In Uhis paper we apply a simple con-
ceptual model to two catchments in the Clarence Basin,
NSW, Australia, to develop an appreciation of the natural
variabifity of runoff under currenl land cover conditions,

and under dry to medium rainfall inputs.

2. CATCHMENTS IN THE CLARENCE

BASIN
2.1 The Nymboida and Orara Catchments

The Nymboida and Orara catchments aze in the Clarence
Basin in northern New South Wales, Australia. Both
catchments are large, with the area of the two calchments
being 1660 km? and 440 km® respectively.

The catchment for the most past traverses undulating or
hilly counley, bul also contains some high peaks in the
central and southern porticns. It is bounded in the west
by the Great Dividing Range, in south by an eastward spur

of the same range, in the east by the hilly to steep ranges
from Cofls Harbour to Woodenborg and in the north by
tlie McPherson Range.

Within these boundaries a variely of landforms exist. The
northern tributaries of the upper Clarence flow south-
. .
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wards and have generaily widened Lheir valiey
sedimentary rocks, resulting in the development of consid-
arable areas of good, arable land. Some of these streams
have formed alluvial flood plains. Between the valleys
are steep, basalt capped ridges supporting a dense veg-
etative cover. The streams flowing east from the New
England Tablelands enter some very rugged country after
they leave the plateau margin. On the descent to the low-
lands they have become entrenched in deep valleys and
gorges and the surrounding country is deeply digsected by
their tributaries. Much of this broken country is suitable
only for low density grazing.

Land slopes aver the Clarence Valley are classified propor-
tionately as follows: one sixth of the valley has a generally
flat surface; cue sixth is undulating to hiliy; one third is
hilly to steep; one third is rugged or mountalnous ter-
rain. ‘Thus rugged and sicep slopes are predominant in
the Clarence River Valley.

The original land cover of the valley has been little dis-
turbed over much of the central, rugged area, but mediun
or heavy clearing has taken place in other sections. Rain-
forests are found on the cosstal plateau and range tops
which are of the subtropical jungle type. Arable land is

- 188 —



limited being confined by virtue of topography to about

one third of the catchment.

Figure | shows the flow duration curves for the eatchiments
over the period 1979-1991, showing that Orara is the drier

of the two catchmenis.
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Figure 1: Flow Duration Curves for the period 1979.1091

2.2 Data Availability and Beliability

Daily rainfall data for the period 189% 10 present is avail-
able, with daily streamflow data starting in 1967 for
Nymboida and 1972 for Orara. Figure 2 show double

- hoth caboh-

strate the degree of nop-lnearity in the

observed rainfall-runoff relationship, providing an indica-

tion of dry and wel periods, and of the varving proportion

of flow to rain.

3. THE IHACRES MODEL

The conceptual model nsed here, IHACRES (Jakeman
et al, 1990 Jakemau and Mornberger, 1993), exiends
unit hydrograph theory by assuming 2 linear relationship
not only between effective rainfall and quick flow. but be-
tween effzctive rainfall and other identifiable hydeograph

response COmMponents.

The model consists of a nonlinear rainfall loss module
which converts observed rainfall, vy, ab timestep &, into
effective or excess rainfall, uy, and a linear module which
converts the excess rainfall into ohserved streamflow, g;.
Usually the two modales use seven or eight paramelers,
also ealled dynamic response characteristies (Jakeman and
Hornberger, 1993}, to describe the way in which observed
rainfall becomes observed streamfow,

The nonlinear rainfall loss module used here transforms
the measured precipitation, ry, inte effective rainfafl, 1y,
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Figure 2: The double-mass plots for several subperiods
for the Nymboida catchment (above) and the Orara catch-
ment {below)
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[y, ilre >0 .
TR . (1)
1(:. oy <A
where s s the calchment welness ing a Tunction of
T

characteristics - 7., 2 binwe eonstant for the decline in the

the evaporabion ab time & and three dynamic response

calchment wetness index, ¥, which regulates the degree
of evaporation dependence of the loss time constant, and
o, which is selected to conserve the mass-balance of the
catchment. ‘The exponential loss parameler p, and a non-

rero theeshold value Tor pain fo give streamflow, !, may
somebitnes be required to account lor extra loss of rainfall

in the catchment (Ye b al., submithed, 19951,

The linear module uses a transfer fuaction to allow the
rainfall to pass through any combination of stores, in
parallel and series, in becoming streamilow. The most
common confignration uses Lwo stores in parallel, one ni-

(s}

tributed to quick fow, and one to slow flow, «;’
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These vophine 1o vield the streamilow, g,

ir = ‘f’(A:(I} + .'If;.H (2
Tl parameters can be rewritien fo give an easier physical
interpretation in terms of time constants, 7, and 75, and
retative volumetric throughpuis, vy and v, In this case
Whe linear module has three dynamic response character-
istics, Ty, 7w and vy {vy = 1 —v,), making a total of seven
or eight (il [ is nou-zero) parameters for the model.

Various stabistics are used o measure the performance af
the model including the absolute deviation {A), the bias
. . N 9

(B} and the ohserved streamflow variance explained {H*).

The best model is chosen as the one with the superior

vahues of the preferred statistics. Tn this study an objective

funetion is defined,

N
0=3 (i - Vi) ()

i1

where g; is the ohserved strearnflow and ¢; is the mod-
elled, which provides a model which yields a compromise

between Titting high and low flows.

Ty find or calibrate the appropriate values of the parat-
elers [or a particular data set, the parameter space of the
parameters, T, f. P and {. from the nonlinear module
is sampled. The effsctive rainfall series 1s then calcu-
lated and a simple refined instrumental variable technique
(SRIV) used Lo estimate the linear module parameters au-
tomabically {(fakeman et ai., 1980), The preferred model
here is the the one which, for sample 7, £, p and ! values,

vields the minimum value i O

The model output statistics are caleulated in the SRIV
step. Usually a subperiod of the entire data seb is used
Lo calibrate the model, and then those parameters can
be used to simulate over other subperiods, with output

stalistics again being calculated.
4, MODEL EVALUATION

To assess the long term natural variabity of daily runoff
i1 these catchments. a suitable model calibration period
was selected. The model was then “validated” on another
subperiod where discharge data are available. Once a suit-
able model was found, & simulation over the entire raintall
record, from 1899, was made, and the natural variability

of the runoff assessed.

4.1 Calibrating the Model

The model was initially calihrated on three year periods
where both rainfall and runoff were available, The model
for each subperiod was run on other subperiods fo check if

Table L1 Nymboeida - Validation Matrix

Model Period

TO-78 1 TO-R2 | 82-85 | 85-88 | §1-91
TO-73 (.76 .07 0.61 - 0.77
TO-82 4.7 0.74 (.57 - 0.65
82-85 1 0.69 G.67 | 0.73 - 0.75
AO-H8 - - - -
8R-61 | 0.68 (0.57 0.58 - 0779

Tahle 9 Orara - Validation Matrix

Model Period

TRHG | T6-70 | TO-82 ] 82-85 | 85-88 | §R-01
TA-76 | 1193 0.74 087 0.73 - (.76
T6-79 | 0.87 0.92 (.02 .84 - 0.743
T9-82 1 (.89 0.36 (.43 (.84 - 6.76

82-85 | 0.8 0.8 0.90 (.85 -

~H =g w1 =
G b

8h-88 | 0.82 | 0.51 0.84 1 0581 081
88-41 0.838 .50 661 (.65 0.07

<

Table 3: Model Paramelers

i E Nymboida 1 Orara, i

{ non-tinear module parameters l

Tee b 12
f 15 24
e 4.0018 0.0035
{ 0.0 .15
P 0.0 0.8
f hnear module parameters i
7, £ 50 .10
Ts 43.57 36.88
Us 0.512 0.741

any model or subperiod gave resulls which were hetter or
worse Lhan any other, Tables ta and 1b give these “vali-
dation” mairices. A dash entry denotes a non-converged
model. Tf a particular period contained substantial rain-
fail or runof data errcrs, or other problems, this would
be anticipated to manifest as an associated model for that
period yielding inferior RY vatues. The rows in Tables 2
and 1 which appear Lo have generatly inferior R? values,
compared to the other rows, are those for the 1985-88 and
1988-61 models. These periods have initially been omitted
frorn the calibration and validation exercises here. Wt may
he thal the data in these two web periods (see Figure 2)
are reliable, although this remains to be checked. As the
ernphasis of the modelling exercise was o obtain reliable
estimates of low fow particularly, it was considersd ac
ceptable to proceed with models which worked well on dry
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Tahle 4: Nymbolda River - Model Stat

Calibration | Validation

R 0.88 (.53
Bias of Residuals, B 2.3 6.6
Absolute Mean Error, 4 5.6 N
Objective Funchion, O nid 6 3490,
Ratio of Total Mod. / Obs. &7 (1.6%

Table 5 Orara River - Model Statis

Calibration | Yahdation
R? .93 (.45
Bias of Hesiduals, 5 0.7 [
Absolute Mean Error, 4 212 2.57
Objective Punetion, O 442.3 1048,
Ratio of Total Mod. / Obs. (.03 .81

to medium periods. The dry sub-period of approximately
January 1977 - Dacember 1979 was chosen to calibrate the

model. Figures 3 and 4 show the calibration fit for the two

catchmenis.

4.2 Validating the Model

These models can then be validated on a period where
both rainfall and runofl are available, in this case January
1980 - December 1985, The model parameters used for
the validation are included in Table 3. The validation of
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Figure 5: Annual Discharges for both catchments

these models can be seen in Tigures 3 and 4 - after the
calibration period. Both the calibration and validation
model statistics have been included in Tables 4 and 5.
Although the models do not perform quile as well on the

validablon as the calibration period, they sbill model the

validation period quite well.

Figure 5 shows both the modelled and observed annual

discharge [rom the two catchmeats. The Orara annual

flows are modelled well in alm all years, while fhe

Nymbotda ave inferior i the wel years of TO8]
5. LONG TERM RUNOFPF VARIABILITY

The model can now be used o ran a simulation over Lhe
cutite rainfall record to model the streamflow discharge

over that thne, Figures § and 7 show Lhe flow duration

cieve for this simulalion and the Bow duration curve over

the observed streamBow record. This shows the natural
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Figure 6: Nymboida River Flow Duration Curve - Sim-

wlation Period
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Figure 7: Orara River Flow Duration Curve - Simlation
Period

variability of the catchmeni over time, with the observed
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Figure 3
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Calibration (1977-197%) and Validation (1980-1983) model fit for the Nymboida catchment
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Figure 4: Calibration {1977-1979) and Validation {1980-1985} model fit for the Orara catchment
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short term streamflow record from 1972-1993 rauch dif-
ferent to the longer term (simulated) record from 1880,
Figures & and 9 show the anvual discharge over the simu-

lation period of the two catchments.
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Figure 8 Nymboida River Annual Discharge - Simulated

6. CONCLUSIONS

A rainfall-runoff model has been used Lo prediet the vari-
abiiity of discharge in two catchiments from 1889, The
model requires only a few years of discharge records o be

calibrated. it predicts daily discharge well in the dry to
rnedium pericds which are the most imporland

ing worst cases of supply.

— 193 —

LE6H00
11500 F o
1men - i .
= " l, ; i q
‘% TIHO0 §’ i 2 ‘1’
ST : i i A
z IR Bl
=2 i i1 £
Bt R
50004 i
25009 b
&

Sirmilated

Figure 9: Orara River Annual Discharge -

o

{.

REFERENCES

Jakeman, A.J. and G. M. Hornberger. How much come-
plexity is warrnnted in a rainfall-runol model? Water
Res. Res., 29(8), 2637-3640, 1993,

AL LG Littlewood, and PG Whiteheard.

Compgbaiion of the instantaneous wnil hydrograph

Jakeman.

and identifiable component flows with application to
two small upland catchments. J. Hydrol, 117, 275
40, 1590
Ye, W., B. O, Bates, N, K. Viney, M, Sivapalan, and A, J.
Jakernan, submitied, 1995, Perlormance of concep-
tual rainfall-ranofl models in low yeilding catchments.
Water, Res. Hes.



