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Rainfall-runoff modelling

Predicting streamflow from climatic data

Core tool for water resources management
* Quantitative assessment of scenarios

» Effects of climate variability and change; as a
component of integrated models; etc

Most catchments have little data: daily

rainfa

Mode
appro

|, temperature and streamflow
should have a degree of complexity

oriate to the data, the scale of

prediction and the modelling question




IHACRES

Established rainfall-runoff model; applied over
a wide range of climates and scales

Hybrid conceptual-metric approach

« Attempts to represent dominant processes,
lumped together at catchment scale

e Simple structure — reduces uncertainty in the
identification of parameters
Suitable for regionalisation problems

* Relating parameters to landscape attributes (for
prediction in ungauged basins)




IHACRES structure

Non-linear Linear

Rainfall Module Effective Rainfall Module Streamflow

Temperature




IHACRES structure

Non-linear _ _ Linear
Module ective Rainfall Module Streamflow

Non-linear loss modulethat converts measured
rainfall into effective rainfall (typically using
temperature data as an indicator of potential
evapotranspiration)

* Classic (soil moisture store)
» modification for ephemeral catchments
« CMD (catchment moisture deficit)




IHACRES structure

\ Linear

Rainfall Non-lincar Effective Rainfa

» Module
Temperature

Linear routing module that converts
effective rainfall into streamflow by
convolving with a unit hydrograph
response curve

» Exponential stores in parallel or in series
» Extensionseg.groundwater model




Classic nonlinear loss module

drying rate as a function of temperature

t.=t,exgf(T, - T.)0.062)

soll moisture index: losses from drying, inputs from
rainfall 1

fo=r.+1-— 1,
l‘k

effective rainfall proportion: depends on soil moisture
with optional threshold | and power p

=[le(7, - D"
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IHACRES version 2

Redesign of the IHACRES v1 software
(Littlewood et al, 1997)

Java platform: OS-independent

Object-oriented design allows easy extension
with new modules, calibrators etc.

Interactive visualisation

@

i of unit hydrographs and component flows
| ‘om rainfall, evaporation and streamflow data

Available from the
Catchment Modelling
Toolkit
www.toolkit.net.au




IHACRES v2 usage

Import time series (various
units and formats)

Specify calibration periods

 Choose periods with
representative events or
runoff coefficient values

e Scroll or zoom time series
 Type in start and end dates




IHACRES v2 usage

3. Run calibration

Delay: peak in cross-
correlation between
rainfall and streamflow

Grid search over
parameter range of non-
linear module

Linear module identified
using SRIV algorithm —
select configuration of
linear stores




IHACRES v2 usage

4. Select parameters
from grid search
 Order by various

objective functions:
RZ? (Efficiency)

R2 of transformed
data: sqrt, log, inverse

monthly R?
Bias

e View time series in
calibration period

Modelled & observed
Error




IHACRES v2 usage

Refine parameter space




IHACRES v2 usage

5. Run in simulation mode
Hydrograph / error time series
Assessment of performance in each year of record
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Example - Teifi

In Wales, UK: 894 km?2

Strong baseflow
component

Model does well with
two exponential stores
In parallel

Calibration Simulation
R? 0.88 0.80
R of log(flow) 0.92 0.83
R2 monthly 0.94 0.84
Bias 0.4% 12%




Example — Burdekin

Gauge 120014
181 km?

Dry tropical; high

Intensity events with no

baseflow

Single exponential store

Calibration

Simulation

RZ

0.76

0.72

R of log(flow)

0.90

0.87

R2 monthly

0.90

0.79

Bias

6%

38%




Example — Burdekin
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Future Developments

Direct estimation of UH

Baseflow filtering

CMD form of non-linear module (croke and
Jakeman, EMS, 2004)

pectral analysis tools — e.g. FFT

ow Duration Curves and associated
njective functions

Regressive form of the SRIV calibrator




Conclusions

IHACRES v2 Is an improvement on the original
software, with new features and more flexibility

Generally applicable in its current form
Several new components are under development

www.toolkit.net.au







IHACRES model

quick flow

xk(CI) — bq U, aqu_l(q)

Nonlinear los

module base

on catchment
storage

rainfall

ji effective
Uy

slow flow

r, = rainfall
T, = temperature xk(S) — bsuk_ a st-l(S)




