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Does increased hydrochemical model
complexity decrease robustness?
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INTRODUCTION:

» Integrated understanding of
catchment : DIFFICULT!

Atmosphere
Component

fore
Cltitgl
a2,

% w » Model applications: EXPLORE
. POSSIBLE EXPLANATIONS for
the observed behaviour

» Equifinality: many equally good fits to data

» Realistic representation of real-world
thresholds and non-linearities: COMPLEX
_ MATHEMATICAL MODELS




OBJECTIVE:

To determine if
additional model
complexity gives
better capability to
model the hydrology
and nitrogen
dynamics of a small
Mediterranean
catchment



Fuirosos catchment

STUDY CASE:

(Catalonia)

» Area: 13 km?
» Forest covers 90% of tot. area

- Alluvial zone (2.05 %) > LIthOIOQY'

[ Biotitic granodiorite (21. 1L %)

[ ] Leucogranite (50094 %) o . .
8 Sericitic schists (23.51 %) Gl’c?l?Od/Ol’/te
Slates, lidites and limestones (2.12 %)
B siope Alluvium (0.28 %) °Leucogran/te
O Streamwater monitoring o SC hl-S ts

‘Well-developed riparian zone
at the valley bottom

» Mediterranean climate:
Mean annual Ppt: 750 mm
Mean annual PET: 975 mm

» Intermittent stream




RESEARCH QUESTIONS:

1. Are the additional mechanisms/parameters
progressively introduced /nfluential on the result?

2. Does additional model complexity give more
acceptable model behaviours or lead to over-
parameterisation?

3. Which is the most appropriate model
for the study case considered?




METHODOLOGY:

» General Sensitivity Analysis - GSA (Hornberger and
Spear, 1980)

» Generalised Likelihood Uncertainty Estimation -
GLUE (Beven and Binley, 1992)

» Monte Carlo technique: random sampling of
100,000 parameter sets from uniform distribution
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METHODOLOGY:

» Objective functions:
- Nash and Sutcliffe efficiency index (E)
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HYDROLOGICAL MODELS:
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NITROGEN MODEL:
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RESULTS: Discharge

LU4-N model LU4-N-R model
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RESULTS: Nitrate

LU4-N model

RRMSE(NO3)<0.8
RRMSE(NH4)<1,4
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RESULTS:

LU4-N model
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RESULTS:

SD4-R-N model
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> 22,639 behavioural runs

> 72% observed data included

> 14,283 behavioural runs
> 45% observed data included



LU4-R-N model - E, Q)
100 =

=

. > 15,784 behavioural runs

> 76% observed data included

Discharge (m” ™)

0.1 = Bop
W

0.01 'sq "
A
0.001 4 i —

1301882 W00 1302000 1302001 1302001 15302002
Time

LU4-R-N model - E ;50

1999-2002 - 5% and 95% discharge

100 -
n = . : > 8,301 behavioural runs
il
O E 1 0 ,
- = > 58% observed data included
m E’ 1 4s J 1
O E N ' b -
I-lJ (m 001 ‘HI L N-‘ *H ) |
=S A
0.001 4 ' ull .
U 1310M 85 TECA00 13102000 1342001 TRAOO200 1 N042002

Time




SD4-R-N model - E(Q)
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CONCLUSIONS:

» The importance of the riparian zone in controlling
the short-term daily streamwater nitrogen
dynamics, but it exerts a very limited influence on
daily discharge

» The sensitivity ranking of the hydrological
parameters changed when considering different
objective functions.

» The multi-objective approach led to more robust
parameter sets as showed by the 5 and 95% GLUE
bands obtained




CONCLUSIONS:

» The most complex structure - the most
appropriate

- HYDROLOGY: increased model complexity can lead
to over-parameterisation since only an input-
output response is simulated

o WATER QUALITY: increased model complexity
allows greater process representation which can
lead to greater explanatory power of a model




CONCLUSIONS:

v Further work is required to find out which is the
optimum level of complexity before there is a
deterioration in the model robustness

» More details about this work can be found in Medici et al.,
(2012), J. Hydrol.

» chmel@doctor.upv.es
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RESULTS

Sensitivity ranking for the ten most influential parameters based on
the Kolmogorov-Smirnov two-sample test showed in brackets

Hydrological models
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