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% Flinders

UNIVERSITY

Hydrology

Hydrological science is young

A lot of discussion:

* From where do we come?
* Where should we head to?
* Interdisciplinary?

 PUB
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Major challenge

Assessing impact of climate change (CC)
hydrological cycle

(IPCC, 2007;

Peel and
Bldschle, 2011) ?'”,*_V
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Classical approach

Hydrological impact analysis of climate change:

1. Calibrating and validating hydrological model
2. Applying hydrological model under reference conditions
3. Applying hydrological model under range of CC

HYDROLOGICAL
MODEL
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NS Sources of uncertainty
=) hydrological models

UNIVERSITY

 Input and output data uncertainty
« Parameter uncertainty — Stochastic
* Model equifinality -

Model structural uncertainty

Model
input . Hydrologic

Model |~ predictions
Model — structure / —

parameters
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% Flinders

UNIVERSITY

Objective

Our role in improving prediction of hydrological impact of
climate change?

A: B:
Wait for more accurate Reach out to community
climate change scenarios? and active role?

HydroPredict2012 - Vienna
Batelaan | pag. 8



Reference scenario

Climate change
scenarios

Hydrological model

uncertainty N/

time

* There is a large structural hydrological uncertainty,
considerably contributing to the uncertainty of the impact of
hydrological CC scenarios
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Belgium

Arendonk = Part of Scheldt Basin
= 581 km?

1:5,000,000

= Flat area, average slope 0.36%
= Sandy soil (72%)
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Methodology * MIKE-SHE

 WaSIM-ETH
* WetSpa
« GSFLOW
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e
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Reference CC scenarios:  PROMET
scenario High / mean / low « HydroGeoSphere
327 Semi-dist-HRU
« SWAT
g N PREAH
Different physically based
S : « HIYEIRIE)
distributed hydrological . SLURP
models Which? One you know... & bbaiihiiale
\- ' .BHV
<[j7 - LASCAM
» WetSpa

Compare differences Conc%ped
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Description WetSpa SWAT PRMS

somi il semi-distributed semi-distributed
. . (HRU) (HRU)

distributed distributed

Spatial 31 6 sub-basins, 51 ,

d?strubution sub-basins Fil Sl e HRU’s SR

Time step daily daily daily

Spatial input DEM, land-use and soil DEM, land-use DEM, land-use

data texture and soil texture and soil texture

PET, min and

PET, min and

Meteorological PET, mean temp and
max temp and max temp and
data ppt
ppt ppt
Soil horizons 1 1 2
Snow balance Degree based Degree based Energy balance
Evaporation PET based PET based PET based
Interception Land-cover based LAI based Land-cover based
Non-li
Runoftf coefficient SCS Curve on-near

Surface runoff

method

number method

variable source
area method

Diffusive wave

) ) ) ) Muskingum Kinematic wave
River routing approximation sl e
uting Xi i
(De Smedt et al., 2000) . e
Darcy’s Law and ) ) Non linear
: . Kinematic .
Interflow kinematic wave relation based on
) : storage model
approximation storage volume
Groundwater , _ Head dependent _ .
Linear reservoir Linear reservoir
flow flow
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Four different objective functions:

i (@7 — Q7%)?

NSE_:l—[

LNSEzl—[

HNSEzl—{
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?zl(QiObS o gggan)z

|

Multiple objective fct

cal: 2001-2007; val:1997-2000 (NSE_1)
cal: 1997-2004; val:2004-2007 (NSE_2)

P In(QE™ + €) — In(Q9% + €)]? cal:2001-2007
?:1[1,”(@%)65 -+ e) — lnmean(QObs + 6)]2

val:1997-2000

QY + Q0% X (QFM — Q9)? ] cal:2001-2007
Q9 + Qs ) x (Q9 — Q% )?

val:1997-2000




¥ . Hydrological models

[ Dist WetSpa ]
N

SE_1, NSE_2, LNSE, HNSE

[ PRMS J

NSE_1, NSE_2, LNSE, HNSE

[ SWAT ]

NSE_1, NSE_2, LNSE, HNSE { Semi-dist WetSpa ]
E

NSE 1, NSE 2 LNSE, HNS

4 different model structures and 4 different objective

functions - 16 hydrological models
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CC scenarios 2070-2100

PRUDENCE & IPCC AR4 database

PRUDENCE scenarios (high resolution simulations, 50
km?):

4 GCM’s, 10 RCM’s, A2 and B2 simulations

IPCC AR4 scenarios (medium to coarse resolution
simulations, 150-450 km?):

« 22 GCM’s, A1B, A2 and B1
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£ .
Reference scenario Future scenarios
* Perturbation tool
-
ﬁntrol runs PRUDENCE | Wet day frequency Scenario runs \ (N_tegeka and
and IPCC AR4 databases 4 serturbation based on . ;r;zzEL\l%E and IPCC Willems, 2009)
monthly data atabases °
) L Basgd on
N\ A quotients
~N - N
[ Daily precipitation / Wet day intensity § Daily precipitation calculated from
time series B perturbation based on | __—1]| time series : :
J ™ quantile perturbation . N Y differences in ref
J methods L and future
N
[ Daily PET time }\ /{ Daily PET PPTand PET
series Monthly PET intensity time series . .
~_| | perturbation based on | J High, mean and
™ quantile perturbation wi low hyd rologlcal
\\ methods / impact scenarios
» Scenarios focus

{ on extreme events

Local precipitation and W Statistical perturbation ( Local precipitation and
PET time series J properties L PET time series

hd




y Vrije Universiteit Brussel

Calibration and validation

HydroPredict2012 - Vienna
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linde
UNIVERSIT
_ Bias [%] NSE [-] LNSE [-] HNSE [-]
Obj fct

cal val cal val cal val cal val
NSE_2 3.18 3.43 0.81 0.74 0.77 0.62 0.82 0.78
SR NSE -4.9 -2.1 0.80 0.85 0.66 0.76 0.80 0.86
LNSE 3.2 5.8 0.68 0.67 0.75 0.76 0.73 0.69
HNSE 2.4 6.3 0.78 0.81 0.68 0.78 0.81 0.82
NSE_2 -0.9 -10.7 0.87 0.71 0.84 0.63 0.89 0.75
NSE -9.0 -3 0.82 0.83 0.65 0.67 0.86 0.87

SWAT
LNSE -1.7 2.4 0.80 0.81 0.77 0.80 0.83 0.83
HNSE -12.7 -8.5 0.80 0.82 0.58 0.64 0.84 0.87
NSE_2 1.74 -5.23 0.80 0.69 0.73 0.25 0.82 0.72

WetSpa
St NSE -2 2.4 0.76 0.81 0.43 0.65 0.79 0.85
dist LNSE -1.8 1.9 0.69 0.76 0.67 0.71 0.69 0.77
HNSE 0.5 4.7 0.75 0.82 0.43 0.65 0.79 0.86
NSE_2 4.45 -0.73 0.79 0.68 0.64 0.17 0.82 0.74
WetSpa | NSE 5 9.1 0.75 0.82 0.53 0.66 0.79 0.87
Dist. LNSE 4.4 7.6 0.70 0.78 0.64 0.70 0.72 0.82
HNSE 9.6 13.6 0.73 0.79 0.43 0.59 0.79 0.86

0.68 — 00337 — 0.85

0.69 - 0.87

Good to very good cal
and val results for
NSE

Very good
performance for
HNSE

Efficiency of LNSE
sensitive to objective
function

Non of the models
outperforms the other
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¥ Validation extreme HIGH Q
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WetSpa « Average

5 Dist WetSpa overprediction of the
= X
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Average monthly PET [mm)]
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Climate change scenarios
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Uncertainty hydrological

u IVERSITY
Semi-dist baseline
a 20 WetSpa (o 20 scenario
. Dist WetSpa -Semi-dist
18 18
5 . Baseline 5 Mean Wetspa
2,13 e SWAT £ = Dist Wetspa
W :h
2> a = £t — SWAT
T E 12 we PRMS £
E'S g s PRMS
g g O NSE s E
o £ »e O NSE
7] 6 c 2
g g 2 X NSE_2 § % NSE.2
é 2 A HNSE & HNSE
0 T T T T T T T T T T T 1 - LNSE = LNSE
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
baseline baseline
b 20 scenario d o scen_ariP
18 » Semi-dist 18 + Semi-dist
; Low WetSpa b 16 WetSpa
2 — 16 Dist WetSpa 2 = Dist WetSpa
> 2 14 > 14
= — £ £ — SWAT
£ £ SWAT s =12
= — 12 g g
g § 10 s PRMS GE’E 1: e PRMIS
25 8 g2 O NsE
o2 6 g =
TT° 4 < 4 X NSE_2
>
< 2 (2J & HNSE
0 T ¥ v i v 0 i v v U V v —
= LNSE
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Range between minima en maxima
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monthly Q per CC scenario
iIndicates the uncertainty introduced by hydrological models
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=== Baseline === Baseline
a scenario C 20 scenario
Low 18 Low
b1 i o scenario
] scenario
Z - Mean Z = 16 Mean
> Fd scenario g ?"'E"' 14 scenario
£ E e High 5 =12 e High
£ w scenario S &0 - scenario
g 2 O NSt E & O NSE
o Qo £ 8
&5 @2 6
%A X NSE_2 o2 X NSE_2
g T [ a
z A HNSE < 2 A HNSE
— LNSE 0= ) _ — LNSE
) X . jan feb mar apr may jun jul aug sep oct nov dec
jan feb mar apr may jun jul aug sep oct nov dec
b 20 —Baselirte d - e Baseline
scenario . . — 1
scenario
" Low _ 18 WetSpa distributed scer
[ scenario [ .
'E :_15 Mean é - 16 sh;z;ﬁrlo
4 . w14 -
> 1 scenario = "‘E scenario
-E E e High g = 12 A s High
° %10 scenario =] & 10 scenario
E & O NSE E & 8 O NSE
£ 8 o £
T2 6 g2 6
= X NSE_2 = X NSE_2
27 4 E
< A HNSE T 5 A HNSE
0 o)
— LNSE . . . = LNSE
jan feb mar apr may jun jul aug sep oct nov dec jan feb mar apr may jun jul aug sep oct nov dec

Range between minima en maxima monthly Q per hydrological model
indicates the uncertainty introduced by CC
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¥ & Extreme high flows

80
-~ Semi-dist WetSpa Dist WetSpa
60 Low —— = PRMS = SWAT
X NSE_2 0O NSE
40 = LNSE A HNSE

Change in extreme high @
flows [%)
'y

20 it Y 3 X . !ncrease of highest flows
R = e TR S B in all scenarios
:: Feturn peiod fyeos » High increases for High
: £ Mean ; scenarios, low changes for
: — Low and Mean scenario
: |
s ~—— |+ In Mean scenario SWAT
: model deviates from other
- models
.

Coange in extreme high A

~40
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%%50‘ — SWAT

"g* o T 1% I %ae Reduction of lowest

6 T ieesIIAEE R ¥, - flows for all scenarios
e Return period [years] g
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E High impact scenario

fx | %7 gare . 4 o . (PET , PPT ),

5 go05 e | e s ¥ 50 I

8%, vl s 5 . slightly lower deérease

© 1 .—'R;turn period [years] for Low (PET =’ PPT
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; 100 ‘_ High (PPT ) ﬂ
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Q CHANGE CC-model DISAGREE

AGREE or DISAGREE?

HydroPredict2012 - Vienna
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¥ & Conclusions
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Large impact of hydrological model structure on predicted change in
discharge

Large climatic change - large model structure uncertainty
Need for flexible model structures

No model validation possible, alternative: model guided learning
Remember there are still

unknown unknowns...

e y
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Batelaan | pag. 30



