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Abstract. This paper explores the consideration and implication of calibration period on the modelled climate

change impact on future runoff. The results show that modelled runoff and hydrologic responses can be influ-

enced by the choice of historical data period used to calibrate and develop the hydrological model. Modelling

approaches that do not take this into account may therefore underestimate the range and uncertainty in future

runoff projections. Nevertheless, the uncertainty associated with the choice of hydrological models and consid-

eration of calibration dataset for modelling climate change impact on runoff is likely to be small compared to

the uncertainty in the future rainfall projections.

1 Introduction

Hydrologists have excelled in developing models for numer-

ous applications, through analysing and interpreting climate

and hydrologic data to understand hydrologic processes, con-

ceptualising the processes in hydrological models, and cali-

brating and testing models against observations. These mod-

els are particularly good in predicting streamflow response to

changes in the climate inputs and catchment characteristics.

In fact, practically all climate change impact on runoff stud-

ies use future climate series informed by projections from

climate models to drive a hydrological model developed and

calibrated against past hydroclimate data (e.g. Chiew et al.,

2009). However, interpreting results from these simulations

will become more challenging as we extrapolate the hydro-

logical models to predict further into the future where hy-

drological fluxes and stores will be influenced not only by

the changed climate input data, but increasingly by higher

temperature and changed ecohydrological processes under

higher CO2 not seen in the past (Chiew et al., 2014).

Most climate change impact studies use hydrological mod-

els developed and calibrated against the entire length of avail-

able observed historical hydroclimate data. This is sensi-

ble because a long historical dataset can better encapsulate

the large range of hydroclimate conditions. Nevertheless,

simulations using parameter values from model calibration

against data from different subset of historical periods often

lead to different modelling results (Vaze et al., 2010; Coron et

al., 2012). This raises the question of whether future hydro-

logical predictions should be modelled using parameter val-

ues from calibration against a historical period that is similar

to the future climate projections (e.g. similar average rain-

fall) instead of parameter values from calibration against the

entire historical dataset.

This paper explores the consideration of calibration period

(entire historical data versus period that best matches future

rainfall projections) on the modelled climate change impact

on future runoff. Specifically, the paper investigates the un-

certainty introduced by the choice of calibration period (and

the choice of hydrological models) relative to uncertainties

in the future climate projections. The modelling experiments

are carried out by applying two hydrological models with fu-

ture climate projections from 14 global climate models on

two catchments in Australia.

2 Data

Figure 1 shows the locations and the annual rainfall and

runoff time series of the two catchments used in this study.

The daily rainfall and potential evapotranspiration (PET)

data come from the SILO Data Drill 0.05◦ gridded climate

data for Australia (http://www.longpaddock.qld.gov.au/silo/;

Jeffrey et al., 2001). The daily streamflow for the two unreg-
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Figure 1  Locations of the two catchments used in the 

study and their annual rainfall and runoff time series 

 

 

 

 

Catchment 110003
Barron River at Picnic Crossing
Catchment area: 228 km2

Tropical climate

Mean annual rainfall: 1628 mm

Mean annual runoff: 586 mm

Summer dominated rainfall and runoff

Catchment 405219
Goulburn River at Dohertys
Catchment area: 694 km2

Temperate climate

Mean annual rainfall: 1212 mm

Mean annual runoff: 458 mm

Winter dominated runoff
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Figure 1. Locations of the two catchments used in the study and

their annual rainfall and runoff time series.

ulated and largely unimpaired catchments come from the re-

spective state water agencies. Daily rainfall, PET and stream-

flow data from 1961 to 2009 are used for this study.

Simulations for RCP4.5 from 14 global climate models

(GCMs) (for which archives of rainfall and PET are read-

ily available) from the latest CMIP5 multi-model ensem-

ble dataset (http://cmip-pcmdi.llnl.gov/cmip5/; Taylor et al.,

2012) are used to inform the range of plausible future cli-

mate projections. The RCP4.5 is a representative concentra-

tion pathway with a radiative forcing of 4.5 W m−2 in 2100

relative to pre-industrial value. The GCM simulations for

2046–2065 relative to 1986–2005 (increase in global tem-

perature of 1–2 ◦C) are used to inform the range of projected

change in mean annual rainfall and PET.

3 Modelling experiments

In the modelling experiments, the “historical runoff” is mod-

elled using the 1961–2009 daily rainfall and PET data. The

“future runoff” is modelled using the 1961–2009 daily rain-

fall and PET series scaled by a single factor informed by the

relative difference between the future and historical mean an-

nual rainfall and PET simulated by each of the 14 GCMs.

This simplistic ‘delta scaling approach’ therefore considers

only changes in the annual averages with no change in the

sequence, distribution or seasonality in the future climate in-

puts.

Two simple and commonly used daily rainfall-runoff mod-

els are used in this study, GR4J (Perrin et al., 2003) and

SIMHYD (Chiew et al., 2002). The modelling is carried out

for two calibration considerations, (i) modelling with param-

eter values from model calibration against the entire 1961–

2009 data (Method A), and (ii) modelling with parameter

values from model calibration against a 15-year historical

period with mean annual rainfall that is most similar to the

future rainfall projections (up to 14 different calibration pe-

riods depending on future projections from the 14 GCMs)

(Method B). In the model calibration, the parameter values

are optimised to produce the best least-squares fit between

the daily modelled and observed streamflows by maximising

the Nash-Sutcliffe efficiency (Nash and Sutcliffe, 1970).

4 Results

The modelling results for Catchments 110003 and 405219

are summarised in Figs. 2 and 3 respectively. The left hand

plots show results from the GR4J rainfall-runoff model and

the right hand plots show results from the SIMHYD rainfall-

runoff model. The top row shows the percentage change in

future mean annual rainfall from the 14 GCMs. The mid-

dle row shows the 1961–2009 mean annual runoff modelled

using optimised parameter values from model calibration

against the entire 1961–2009 data (Method A) (blue) and

modelled using optimised parameter values from model cal-

ibration against a 15-year historical period with mean an-

nual rainfall most similar to the future rainfall projection

(Method B) (red). The bottom row shows the change in

modelled future mean annual runoff (using 1961–2009 cli-

mate inputs scaled by change informed by the GCMs) rela-

tive to modelled historical mean annual runoff (using 1961–

2009 climate inputs) from Method A and Method B. The 14

columns/bars or pair of columns in the plots show results in-

formed by the relative rainfall change from the 14 GCMs,

and are consistently aligned in all the plots.

Both catchments exhibit high inter-annual and inter-

decadal variability in rainfall which is amplified in the runoff

variability (Fig. 1). The range in the future rainfall projection

is large, and the direction of rainfall change in Catchment

110003 is uncertain (10th to 90th percentile range of −13 to

+12 % across the 14 GCMs) whilst practically all the GCMs

project a rainfall decrease in Catchment 405219 (range of

−13 to +2 %) (top row in Figs. 2 and 3). It is also inter-

esting to note that far south-eastern Australia experienced

an unprecedented 1997–2009 Millennium Drought that has

been partly attributed to climate change (Catchment 405219

in Fig. 1) (Post et al., 2014). The change in rainfall is ampli-

fied as about twice as much percentage change in the mod-

elled runoff (bottom row in Figs. 2 and 3) (see also Chiew,

2006). The future runoffs modelled by the two hydrological

models are relatively similar compared to the large range in

the future rainfall projections.

In Catchment 405219, using parameter values from cal-

ibration against a dry 15-year period (Method B) resulted

in higher modelled runoff compared to using parameter

values from calibration against the entire 1961–2009 data

(Method A) (middle row in Fig. 3 for the four driest future

rainfall projections). This translated to higher modelled fu-

ture runoff in Method B and therefore smaller projected de-
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Figure 2  Modelling results for Catchment 110003 
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• Each column or pair of columns in the plots show results informed by the relative rainfall change 

from the 14 GCMs, consistently aligned in all the plots.

• Blue columns show results modelled using parameter values from model calibration against the 

entire 1961–2009 data.

• Red columns show results modelled using parameter values from model calibration against a 15-

year historical period with mean annual rainfall most similar to the future rainfall projections. 

GR4J SIMHYD

Figure 2. Modelling results for Catchment 110003.

clines (bottom row in Fig. 3 for the four driest future projec-

tions) and a slightly smaller range in future runoff projections

from Method B (−25 to +3 % for GR4J and −24 to +6 %

for SIMHYD) compared to Method A (−30 to 0 % for GR4J

and −25 to +6 % for SIMHYD).

In Catchment 110003, for the wet future projections, both

Methods A and B give similar results. For the dry projections,

the SIMHYD modelling results for Methods A and B are also

similar. For the dry projections, the GR4J modelled runoff is

higher in Method B compared to Method A (GR4J modelling

in second row of Fig. 2). However, the modelled future runoff

in the dry projections is lower in Method B (GR4J modelling

in third row of Fig. 3) resulting in a bigger range in the future

runoff projections in Method B (−29 to+20 %) compared to

Method A (−26 to +18 %).

5 Discussion

There is large uncertainty in future rainfall projections and

this is amplified in the future runoff projections. Many stud-

ies have shown that the uncertainty in the future rainfall

projections (from GCMs and downscaling models) is much

larger than the uncertainty in different hydrological model

responses to changes in input climate data (e.g. Teng et al.,

2012).

Although the modelled runoff with different parameter

values optimised using different calibration datasets may dif-

fer significantly, there has been little to no studies on the im-

plications of choice of calibration period on the modelling

 

 
 

 

 

Figure 3  Modelling results for Catchment 405219 
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• Each column or pair of columns in the plots show results informed by the relative rainfall change 

from the 14 GCMs, consistently aligned in all the plots.

• Blue columns show results modelled using parameter values from model calibration against the 

entire 1961–2009 data.

• Red columns show results modelled using parameter values from model calibration against a 15-

year historical period with mean annual rainfall most similar to the future rainfall projections. 

GR4J SIMHYD

Figure 3. Modelling results for Catchment 405219.

of climate change impact on future runoff. The least-squares

optimisation of parameter values generally results in under-

estimation of high flows and overestimation of low flows. It

follows then that modelling with parameter values from cali-

bration against a dry period may tend to simulate lower flows

and vice versa. Therefore, for a future dry projection, using

parameter values from calibration against a dry period simi-

lar to the future dry projection may result in a greater decline

in the modelled future runoff (Method B) compared to using

parameter values from calibration against all available data

(Method A). Likewise, for a future wet projection, using pa-

rameter values from calibration against a wet period similar

to the future wet projection may result in a greater increase

in the modelled future runoff. The range in the future runoff

projections may therefore be larger when modelled using pa-

rameter values from calibration against a similar dry/wet pe-

riod as the future projections (Method B) compared to mod-

elling with parameter values from calibration against the en-

tire historical dataset (Method A).

However, the modelling results here show that this is not

necessarily the case. Several studies have also shown that pa-

rameter values obtained from calibration against a dry (or

wet) period does not necessarily simulate lower (or higher)

runoff (Vaze et al., 2010; Coron et al., 2012). These studies

observed runoff responses in both directions and attributed

the different responses to the different model conceptualisa-

tions and how the model parameters and storages respond to

dry and wet periods. In line with the reasoning in the above

paragraph then, where modelling with parameter values from

calibration over a dry period simulates a bigger decline in fu-

proc-iahs.net/371/3/2015/ Proc. IAHS, 371, 3–6, 2015
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ture runoff and vice versa, adopting a calibration period sim-

ilar to the future rainfall period will increase the range and

uncertainty in the future runoff projections compared to the

traditional method adopting parameter values from calibra-

tion against the entire dataset for all simulations. Conversely,

where modelling with parameter values from calibration over

a dry period simulates a smaller decline in future runoff and

vice versa, adopting a calibration period similar to the future

rainfall period will decrease the range in the future runoff

projections.

Given the potential impact of the calibration period, there

are good reasons to consider using parameter values obtained

from model calibration against a dry/wet period(s) similar to

the future rainfall projection(s) to model the future runoff(s).

This is particularly so where a single hydrological model has

been chosen or developed specifically for a particular region

and/or study objective or where a model can be developed

or conceptualised differently to better represent different hy-

droclimate conditions. Nevertheless, the results from the lim-

ited modelling experiments here (e.g. only two catchments

and two hydrological models, with a very simplistic con-

sideration of changed future climate inputs) show that the

difference in runoff responses from different model calibra-

tion considerations is likely to be small relative to the uncer-

tainty/range in the future rainfall projections. This is particu-

larly so when ensembles from multiple hydrological models

are used as the different models can show biased responses

in different directions.

6 Conclusions

The modelled runoff and hydrologic responses can be influ-

enced by the choice of historical data period used to cali-

brate and develop the hydrological model. As it is difficult

to develop a perfect hydrological model that works under all

conditions (particularly when extrapolating to a future under

warmer and higher CO2 conditions not seen in the past), there

are good reasons to use hydrologic conceptualisations and

parameter values optimised over a historical data period that

is similar to the future climate projections for climate change

impact modelling. Nevertheless, the uncertainty associated

with the choice of hydrological models and consideration of

calibration dataset for modelling climate change impact on

runoff is likely to be small compared to the uncertainty in the

future rainfall projections.
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