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Abstract

Deriving relationships between catchment-scale hydrologic response and landscape attributes allows the hydrologic
response of an ungauged catchment to be predicted from its landscape attributes and climate. In this study, a lumped
conceptual rainfall-runoff model was applied at a daily timestep to 16 small (less than 1 km2) catchments in the
Maroondah region of Victoria, Australia. The six parameters of this model can be used to characterise the daily
streamflow of the catchments. It was demonstrated in Post and Jakeman (1996) [Post, D.A., Jakeman, A.J., 1996.
Relationships between catchment attributes and hydrological response characteristics in small Australian mountain
ash catchments. Hydrol. Processes 10: 877–892] that these six parameters are related to the landscape attributes of
the catchments. In the current paper, these relationships are quantified and used to predict the daily streamflow of
each catchment from its landscape attributes and daily rainfall and temperature, as if it were ungauged for
streamflow. This predicted streamflow is then compared with the observed streamflow of the catchment. These
relationships may also be used to predict the daily streamflow from other, similarly sized catchments in the
Maroondah region. Some of the relationships between the model parameters and landscape attributes are well
defined, while others are quite poor. As a result, the predictions of daily streamflow also vary in quality. Improvement
of these results can be obtained through better understanding of the controls on hydrologic response. © 1999 Elsevier
Science B.V. All rights reserved.
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1. Introduction

As expressed by Goodrich and Woolhiser
(1991) (p. 202), ‘a detailed, process based, under-
standing of hydrologic response over a range of
catchment scales (0.01–500 km2) still eludes the
hydrologic community’. This study represents one
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attempt to understand the controls on catchment-
scale hydrologic response by relating that re-
sponse to landscape attributes. Relationships
between catchment-scale hydrologic response and
landscape attributes allow a prediction to be made
of the hydrologic response of an ungauged catch-
ment (a catchment which is not gauged for
streamflow), based on climatological data and a
description of the landscape attributes of that
catchment. Development of such relationships is
an example of a regionalisation methodology and
is a useful goal for a number of reasons. For
example, construction of an hydrologic structure
such as a bridge or dam may require a prediction
to be made of the hydrologic response of a catch-
ment at an ungauged point. Pilgrim (1987) pro-
vides examples for Australia, while NERC (1975)
provides examples for the UK. For an examina-
tion of the ecological health of a river system, the
frequency and duration of low flows may be of
more interest, since these may be the limiting
factors in supporting stream biota. If the catch-
ment under consideration is not gauged for
streamflow, these estimates must be based on
some form of regionalisation, where the catch-
ment is considered to behave similarly to another
catchment (or catchments) with similar clima-
tologies and landscape attributes. These practi-
cal applications are the reason that many region-
alisation studies deal with flood frequency analy-
sis (Patton and Baker, 1976; Reimers, 1990); or
low flow analysis (Chang and Boyer, 1977; Gus-
tard et al., 1992; Nathan and McMahon, 1992).
Regionalisation is also of use in global and re-
gional climate models, where the hydrologic re-
sponse of an ungauged grid cell may be required
for water and energy feedbacks in the land-atmo-
sphere component of the climate model (Jakeman
et al., 1995).

Several previous studies have related landscape
attributes to the hydrologic response of a catch-
ment as defined by a rainfall-runoff model. In
general, regionalisation studies using a modelling
methodology have met with only limited success.
As a result, landscape attributes are commonly
related directly to just one aspect of hydrologic
response, such as flood frequencies (NERC, 1975;
Pilgrim, 1987). While this allows an estimate to be

made of one aspect of hydrologic response, it does
not allow a prediction to be made of the daily
streamflow of a catchment over a long period.
There are two main reasons that there has been
only limited success in relating the parameters of
rainfall-runoff models to landscape attributes.
Firstly, in some cases, the model used did not
define the hydrologic response of the catchment
effectively. This meant that only certain aspects of
the hydrologic response could be related to land-
scape attributes. Examples include those studies
using a unit hydrograph approach where the
baseflow component of streamflow was deleted,
perhaps using graphical techniques (Heerdegen
and Reich, 1974; NERC, 1975; Rosso, 1984). In
other studies, the model used was perhaps too
complex or over-parameterised, meaning that the
individual parameters of the model could not be
estimated unambiguously and hence related to
landscape attributes. Examples of such studies
include those making use of the Stanford Water-
shed Model (James, 1972); the 18 parameter
Sacramento model (Weeks and Ashkanasy, 1985);
the 20 parameter HBV3-ETH model (Braun and
Renner, 1992); the 19 parameter MODHY-
DROLOG model (Chiew and McMahon, 1994);
and TOPMODEL (Franchini et al., 1996).

Based on the results of these previous studies, it
appears that what is required is a modelling ap-
proach which accounts for the key hydrologic
processes occurring in a catchment, but which
avoids the problems of overparameterisation. This
idea was proposed by Nash and Sutcliffe (1970)
but has not received adequate recognition in the
literature since that time, with many authors
choosing to develop new and more highly
parameterised models in an attempt to encapsu-
late all of the major individual hydrologic re-
sponses believed to be occurring in a catchment.
Goodrich and Woolhiser (1991) agree that model
simplification is justified, as long as the essential
hydrologic behaviour of a catchment is retained.
The usefulness of less complex parameterisations
can be seen in studies by Srikanthan and Good-
speed (1988), and Servat and Dezetter (1993),
both finding that landscape attributes were able to
be related more readily to the parameters of less
highly parameterised models, compared to models
with a larger number of parameters.
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2. The model

The model used in the present study,
IHACRES, is a lumped parameter, conceptual
rainfall-runoff model, based on unit hydrograph
principles (Jakeman et al., 1990). An attempt is
made to avoid overparameterisation by only in-
cluding parameters if they can be identified from
the daily rainfall and streamflow of the catch-
ment. The model is defined by just six parameters,
which together predict the daily streamflow re-
sponse of a catchment (Jakeman and Hornberger,
1993). The model creates a unit hydrograph for
total streamflow by defining separate unit hydro-
graphs for quick and slowflow. During a model
calibration, four of the model parameters are
determined directly from the raw rainfall,
streamflow and temperature data, while the other
two are calibrated using a trial and error search
procedure, optimising the model fit to the ob-
served daily streamflow record. The model has
been constructed to be as simple as possible, while
still representing the daily streamflow of the
catchment as accurately as possible. The parame-
ters are not defined a-priori to represent individ-
ual hydrologic processes, but rather to represent
the hydrologic dynamics of a number of physical
processes acting together.

The model consists of two modules, a non-lin-
ear loss module to convert rainfall to effective
rainfall, and a linear module to route this effective
rainfall to streamflow. Effective rainfall is defined

as that rainfall which eventually leaves the catch-
ment as streamflow. Thus, all of the losses of
water occur in the non-linear module. Fig. 1 is a
schematic showing the structure of the model. The
non-linear module is represented on the left as a
storage tank representing catchment wetness. The
effective rainfall is then routed through two paral-
lel storages to produce streamflow. This model
structure was identified as the most appropriate
for use in this study. The equations underlying the
model are to be found in Post and Jakeman
(1996), while more complete descriptions of the
model are in Jakeman et al. (1990) and Jakeman
and Hornberger (1993). Potential applications of
the model to other areas of catchment hydrology
are discussed in Littlewood and Jakeman (1994).

Of the six model parameters, three relate to the
non-linear module (tw, f, and c), and three relate
to the linear module (any three of tq, ts, 6q, 6s or
h). These six parameters may be referred to as
hydrologic response characteristics, as together
they can be used to predict the daily hydrologic
response of a catchment. They are defined as
follows:
� tw (days) is the time constant governing the

rate of water loss from the catchment at 20°C.
� f varies the rate of catchment water loss due to

a unit change in temperature, producing the
variable tw(tk) in Fig. 1.

� c (mm) is defined such that the total volume of
modelled effective rainfall is equal to the total
volume of observed streamflow. It may be re-

Fig. 1. Structure of the IHACRES model.
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Fig. 2. Location of the experimental catchments in the Maroondah region of Victoria, Australia.

garded as the maximum volume of the non-lin-
ear store, since when the volume of the non-lin-
ear store is equal to c (sk=1 in Fig. 1), all of
the observed rainfall becomes runoff.

� tq (days) is the time constant governing the rate
of quickflow recession of streamflow from the
catchment (upper store in Fig. 1).

� ts (days) is the time constant governing the rate
of slowflow recession of streamflow from the
catchment (lower store in Fig. 1).

� 6s is the proportion of slowflow to total flow,
thus 6s=1−6q.

� h (l/s) is the peak of the unit hydrograph
resulting from a unit input of effective rainfall.

3. The catchments

Models were calibrated for 16 small (B1 km2)
catchments located in the Maroondah region of
Victoria, Australia. These catchments are instru-
mented and operated by the Melbourne Water
Corporation. Fig. 2 shows the location of this

region in the central highlands of Victoria, to the
north-east of Melbourne. The catchments range in
size from 4 to 65 ha and each is predominantly
covered in mountain ash (Eucalyptus regnans).

The geology of the area is igneous and is de-
scribed in detail in McLaughlin (1976). Soils are
typically deep krasnozems formed by weathering
of these igneous rocks, and have clay contents of
60–80%. It has been estimated that the soils reach
to a depth of around 10–15 m (Langford and
O’Shaughnessy, 1977).

The mean monthly summer temperature of this
region is 17°C and the mean monthly winter
temperature is 4°C. The mean annual precipita-
tion is 1250 mm, with a slight winter maximum,
75% falling in the 8 months from April to Novem-
ber. Throughout the area, there is a pattern of
increasing rainfall and decreasing temperature
with elevation. Relative humidity during the day
in summer tends to be in the range 40–60% and
in winter is typically above 80% (Langford and
O’Shaughnessy, 1977).



D.A. Post, A.J. Jakeman / Ecological Modelling 123 (1999) 91–104 95

The mountain ash covering the catchments is of
two distinct ages. The oldest is mature ash of
100–200 years old, with heights up to 80 m,
diameters up to 4 m, and stocking rates of 30–80
trees/ha (Langford and O’Shaughnessy, 1980).
The remainder of the mountain ash is regrowth
from bushfires in 1939, with heights up to 50 m
and stocking rates up to 400 trees/ha (Langford
and O’Shaughnessy, 1977). The Coranderrk and
Myrtle catchments are covered primarily in ma-
ture mountain ash forest, while the Ettercon,
Black Spur and Monda catchments are covered in
1939 regrowth.

4. Model calibrations

To account for climatic variability, an attempt
was made to calibrate models over the same pe-
riod of record. Models for the Coranderrk catch-
ments (Picaninny and Blue Jacket) were calibrated
over the period 15 May 1959 to 16 April 1971.
Models for the remainder of the catchments were
calibrated over the period 24 June 1972 to 27 July
1976. A common period of record for all of the
catchments was not available since forestry treat-
ments commenced in the Coranderrk catchments
before the North Maroondah catchments were
instrumented. The impact of these forestry treat-
ments on the hydrologic response of these catch-
ments is examined in Post and Jakeman (1998).

These model calibrations were assessed in terms
of their ability to reproduce the observed
streamflow from an independent period of record.
Model calibrations and simulations over indepen-
dent periods for these 16 catchments are presented
in Post (1996), while the Myrtle 2 calibration
model is shown in Post and Jakeman (1996).
From this analysis, it was concluded that the
model is representing the hydrologic response of
the 16 catchments adequately.

5. Defining the value of each hydrologic response
characteristic from landscape attributes

The six model parameters can be used to define
the daily streamflow of these catchments. An at-

tempt will now be made to relate these model
parameters (hydrologic response characteristics)
to attributes of the landscape. Over 20 different
landscape attributes were examined as possible
controls on the hydrologic response of these
catchments. Post (1996) contains a complete list
and definitions of these attributes. Of these 20
landscape attributes, the following six were found
to be important in defining catchment hydrologic
response (see the following section for details):

Area : Drainage area in hectares;
Drainage density : Total length of streams per

km2 (Horton, 1932);
Elongation : The ratio of the diameter of a circle

with the same area as the basin, to the basin
length (Langford and O’Shaughnessy, 1977);

Gradient : The gradient of the channel, defined
vertically by maximum catchment relief and hori-
zontally by channel length;

Slope : Angle of the catchment lid from the
horizontal (Lee, 1963);

Wetted area : Percentage of the catchment adja-
cent to the stream channel showing evidence of
surface saturation (Langford and O’Shaughnessy,
1977).

Table 1 shows the values of these six landscape
attributes for each of the 16 catchments.

As the relationships between the landscape at-
tributes and hydrologic response characteristics
are not necessarily linear, square root, square, ln,
and inverse transformations (Kleinbaum et al.,
1988) were performed in order to find the most
appropriate relationship. For each derived equa-
tion, the number of samples was 16 and landscape
attributes were included in the regression in a
stepwise fashion only if they were found to be
significant (Norusis, 1993). Equations (1) to (6)
represent the optimum predictive equations ob-
tained using this technique for each hydrologic
response characteristic.

1
c
=2.4×10−2 1

gradient
+1×10−3elongation2

−5.1×10−4 r2=0.63 (1)

1
f
= −0.3 ln(gradient)+1.4 r2=0.37 (2)
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1
tw

= −4.2×10−2 ln(c)+0.3 r2=0.70 (3)

1
tq

=0.4
drainage density−0.2 r2=0.40 (4)

1
ts

=3.4×10−4 slope+3.1×10−3 r2=0.47

(5)


h=1.1×10−2 area−5×10−3 gradient+0.3

r2=0.94 (6)

Post and Jakeman (1996) and Post (1996) con-
tain a detailed examination of the relationships
between the hydrologic response characteristics
and landscape attributes. Here, only a brief dis-
cussion of the underlying reasons for the relation-
ships will be given.

Non-linear module parameters : The mass bal-
ance parameter, c is related primarily to the gradi-
ent of the catchment (Eq. (1)). This is because the
mass balance of water in the catchments is related
to evapotranspiration. With the vegetation cover
being relatively homogeneous, and all of the
catchments facing south easterly to south west-
erly, those with higher gradients seem to have a
lower rate of water loss to evapotranspiration,
presumably because of aspect related shading.

The temperature modulation factor, f is also re-
lated to the gradient of the catchment (Eq. (2)).
This is because in the middle of winter, catch-
ments with steeper gradients seem to have lower
rates of evapotranspiration than more gently slop-
ing catchments, again probably due to aspect
related shading. The time constant governing the
rate of water loss, tw is strongly related to the
mass balance parameter, c (Equation 3). This is
because tw controls the rate at which catchment
wetness, sk, decreases between rainfall events,
while c controls the amount by which sk is in-
creased by a rainfall event (Fig. 1). This interac-
tion between two of the parameters may indicate
a degree of over-parameterisation, even in a
model with just six parameters.

Linear module parameters : The quickflow reces-
sion time constant, tq is related to the drainage
density of the catchment (Eq. (4)). This is because
water will find its way to stream more quickly in
catchments with a higher drainage density. The
slowflow recession time constant, ts is related to
the slope of the catchment (Eq. (5)). This is
because, given the similar soils and geology of
these catchments, it would be expected that deep
subsurface water be expelled more quickly in
steeply sloping catchments. The peak of the unit

Table 1
Landscape attributes for each of the 16 Maroondah catchments

Area (ha) Wetted area (%)Catchment Slope (°)Gradient (°)ElongationDrainage density (km/km2)

33.30.55 0.911.6252.8Picaninny 37.8
64.8 2.53 0.59Blue Jacket 18.3 36.6 3.07

Myrtle 1 5.7819.910.51.133.9425.2
11.6 21.0 3.57Myrtle 2 30.5 3.25 0.86

6.6 7.0 4.20Ettercon 1 11.6 3.75 0.92
5.906.95.60.70Ettercon 2 4.028.8

12.0 13.0 3.59Ettercon 3 15.0 3.92 1.62
9.0 2.46 1.14Ettercon 4 15.6 16.0 3.85

10.017.51.55 4.224.166.2Monda 1
4.0 3.97 0.60Monda 2 31.6 22.0 4.05

3.46 0.85 21.8 20.0 3.377.3Monda 3
6.3 3.29 0.74Monda 4 21.1 23.0 3.15

17.0 1.38 1.19Black Spur 1 17.1 7.0 1.44
5.1715.011.81.263.639.6Black Spur 2

7.7 3.76 0.81Black Spur 3 13.1 14.0 3.36
9.8Black Spur 4 2.67 0.52 20.0 17.0 1.11
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Table 2
Calibrated (and predicted) values of the hydrologic response characteristics and goodness of fit of the resultant predicted streamflow

c (mm)Catchment f tw (days) tq (days) ts (days) h (l/s) D Average annual
water yield error
(%)

3.0 (2.9)Picaninny 15 (47)1213 (2110) 4.2 (3.3) 56 (68) 0.48 (0.46) 0.68 16
2.0 (1.9) 17 (18) 2.1 (2.7) 73 (61)567 (906) 0.81 (0.79)Blue Jacket 0.45 −37

208 (336)Myrtle 1 1.7 (1.4) 6 (10) 1.9 (1.8) 117 (101) 0.30 (0.25) 0.71 −17
0.9 (1.6) 17 (11)Myrtle 2 2.1 (2.1)285 (437) 146 (96) 0.24 (0.32) 0.07 −39

1.5 (1.1) 8 (9) 2.0 (1.9)Ettercon 1 119 (205)206 (268) 0.10 (0.15) 0.42 −28
Ettercon 2 305 (176) 1.2 (1.1) 10 (8) 1.9 (1.8) 131 (201) 0.16 (0.12) 0.58 31

1.3 (1.5) 19 (11) 1.7 (1.8) 142 (133)Ettercon 3 0.20 (0.15)767 (367) 0.39 43
1.9 (1.7) 14 (11) 2.0 (2.7) 163 (116)438 (408) 0.08 (0.09)Ettercon 4 0.62 −19

Monda 1 262 (332) 1.3 (1.9) 10 (10) 1.8 (1.7) 241 (149) 0.07 (0.07) 0.62 1
2.9 (2.7) 89 (26)Monda 2 1.3 (1.9)2712 (1408) 161 (92) 0.03 (0.03) 0.46 −11
4.2 (2.0) 15 (15) 1.5 (2.0) 89 (103)1020 (703) 0.05 (0.07)Monda 3 0.61 −21

781 (818)Monda 4 4.0 (2.0) 17 (16) 3.8 (2.0) 52 (99) 0.02 (0.07) 0.20 −47

3.3 (1.7) 53 (11) 1.3 (4.3)Black Spur 1 166 (188)2144 (369) 0.11 (0.15) −1.53 27
1.4 (1.5) 8 (10) 2.1 (1.9) 181 (120)273 (316) 0.14 (0.11)Black Spur 2 0.69 9

652 (479)Black Spur 3 1.4 (1.6) 20 (12) 2.3 (1.8) 217 (124) 0.09 (0.09) 0.72 −4
1.2 (2.1) 11 (20) 3.0 (2.4) 79 (117) 0.19 (0.08)Black Spur 4 0.27691 (1097) 48

hydrograph, h is strongly related to the area of
the catchment (Eq. (6)). This is because larger
catchments produce a greater peak of runoff (l/s)
than smaller catchments. Because of this excellent
relationship, it was decided to use h as the third
parameter to define the linear module, rather than
6q or 6s which were not well related to landscape
attributes.

It will be seen from Eqs. (1)–(6) that half of the
relationships defining the model parameters in
terms of one or more landscape attributes are
poor, displaying a large degree of scatter and thus
low values of r2. There are a number of reasons
for this. Firstly, more than one landscape at-
tribute will affect each aspect of the hydrologic
response of a catchment. However, with only 16
catchments, only one or at most two of the land-
scape attributes were found to be significant in
each multiple linear regression equation. Sec-
ondly, the model is an imperfect representation of
reality and thus each model parameter is only a
representation of the actual hydrologic response,
making it difficult to relate to landscape at-
tributes. Thirdly, these catchments have very simi-
lar landscape attributes and climate, meaning that

their hydrologic response is also very similar. As a
result, the landscape attribute controlling each
aspect of hydrologic response does not vary
greatly between catchments. For example, while
vegetation has a strong influence on evapotranspi-
ration, it does not appear in the regression equa-
tions since it does not vary significantly between
catchments.

6. Predicting the daily streamflow of ungauged
catchments

Sixteen versions of Eqs. (1)–(6) were derived,
each one treating a different catchment as if it
were ungauged and excluding it from the relation-
ship. In this way, predictions were made of the
hydrologic response characteristics for each of the
16 catchments as if they were ungauged for
streamflow. Table 2 shows the calibrated and
predicted values of the six hydrologic response
characteristics for all 16 catchments. As these six
hydrologic response characteristics fully define the
IHACRES model, the predictions can be used in
conjunction with the daily rainfall and tempera-
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ture time series to predict the daily streamflow of
each catchment as if it were ungauged for
streamflow. Since these catchments are in fact
gauged, this predicted daily streamflow may be
compared to the observed daily streamflow in
order to assess the accuracy of the predictions.
Table 2 shows the coefficient of determination, D
for the predicted compared to observed
streamflow, as well as the average difference in
annual water yield between the observed and pre-
dicted streamflow. The coefficient of determina-
tion, D is defined by:

D=1−
%(yk−xk)2

%(yk−y)2

where yk is the observed streamflow at timestep
k, y is the mean observed streamflow, and xk is
the modelled streamflow. As the model fit im-
proves, D approaches unity.

It can be seen from Table 2 that the accuracy of
the predictions of the hydrologic response charac-
teristics varies greatly. These inaccuracies lead to
the errors in the prediction of streamflow and
annual water yield shown in the last two columns
of Table 2. Additionally, Figs. 3–6 show the
predicted and observed streamflow for the
Coranderrk, Myrtle, Ettercon, Monda, and Black
Spur catchments, respectively. These streamflows
were predicted without calibrating the model to
the observed streamflow record of that catchment.

The large errors in the predicted values of some
of the hydrologic response characteristics have led
to poor predictions of daily streamflow for some
of the catchments, yet surprisingly good predic-
tions for others (Figs. 3–6). For example, the
streamflow for Picaninny is predicted well (Fig.
3(a)), despite the very poor prediction of tw for
that catchment. This is because the over-predic-
tion of tw is balanced by the over-prediction of c,
leading to a good prediction of water yield
(defined by a combination of c, f, and tw). Where
the errors in the predicted values of the water
yield parameters do not act to cancel each other,
the consequent prediction of water yield is poor.
See for example Myrtle 2, where the over-predic-
tion of c and under-prediction of tw combine to

under-predict total water yield by 39%. A more
efficient method may be to predict the water yield
of an ungauged catchment by directly relating it
to landscape attributes, and then constraining the
values of these three parameters to produce this
yield (Post et al., 1998b).

Predictions of the linear module parameters (tq,
ts, and h) are in general much better. This is
reflected by the similarities in the shape of the
observed and predicted hydrographs, even when
the volumes are predicted poorly. This is probably
due to the similarly shaped hydrographs for these
16 catchments (Figs. 3–6), making it easier to
regionalise their response. The notable exceptions
are Black Spur 1, Ettercon 1, and Monda 4. The
predicted response for Black Spur 1 (Fig. 6(a)) is
too flashy, resulting from the over-prediction of
tq, due to the poor correlation between it and
drainage density in this catchment. Conversely,
the predicted responses for Ettercon 1 (Fig. 4(a))
and Monda 4 (Fig. 5(d)) are too flat, not captur-
ing the seasonality of the observed response. This
is due to the over-prediction of ts for Ettercon 1
and h for Monda 4. This is because Monda 4 (and
to a lesser extent Ettercon 1) displays a larger
degree of seasonality compared to the other
catchments.

7. Conclusions

For these 16 catchments in the Maroondah
region of Victoria, six landscape attributes
(drainage density, catchment slope, channel gradi-
ent, wetted area, elongation, and area) were used
to predict the values of the six hydrologic re-
sponse characteristics defining the IHACRES
model. Each of the 16 catchments in turn was
considered to be ungauged, and a prediction made
of the daily streamflow of that catchment, based
on the relationships between landscape attributes
and hydrologic response characteristics derived
using the other 15 catchments. These predictions
of daily streamflow ranged from very good to
poor (Figs. 3–6). This range of results is due in
part to errors in the representation of hydrologic
response by the IHACRES model, combined with
the limited availability of appropriate landscape
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Fig. 3. Predicted and observed streamflow for (a) Picaninny; (b) Blue Jacket; (c) Myrtle 1; (d) Myrtle 2.
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Fig. 4. Predicted and observed streamflow for (a) Ettercon 1; (b) Ettercon 2; (c) Ettercon 3; (d) Ettercon 4.

attributes. For example, quickflow was observed
to recede very rapidly in Black Spur 1, despite
its low drainage density. This was almost

certainly due to the impact of some un-
measured feature of the landscape in that catch-
ment.
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This study has shown that regional relation-
ships between hydrologic response characteristics
and landscape attributes can be used in order to

make a prediction of the daily streamflow of an
ungauged catchment from an appropriate rainfall
and temperature time series. However, some of

Fig. 5. Predicted and observed streamflow for (a) Monda 1; (b) Monda 2; (c) Monda 3; (d) Monda 4.
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Fig. 6. Predicted and observed streamflow for (a) Black Spur 1; (b) Black Spur 2; (c) Black Spur 3; (d) Black Spur 4.

the streamflow hydrographs resulting from these
predictions were poor, indicating that the rela-
tionships between the landscape attributes and

hydrologic response characteristics are not under-
stood sufficiently well. The fact that reasonable
results were obtained for many of the catchments
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is probably due to the similarity of these catch-
ments, both in terms of their landscape attributes
and hydrologic response. A better understanding
of the dominant controls on hydrologic response
(Post et al., 1998a) may lead to improved results.
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