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Evaluation of the performance of hydrological modelling
using a multi-objective algorithm including remote-
sensed soil moisture as a state variable, with projection

for use in ungauged basins.
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PROPOSED METHODOLOGY - RESOURCES

HYDROLOGICAL MODEL (TETIS)

SCE-UA

MOSCEM-UA
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Interception storage
T=ET,-A-2,

T, =ET,- f,-min(LAL1)- B (H,) 1,

1= ET,-f-min (L4L1)- (H,)-(1-r)

E=ET,f,-B,(H,)

VEGETATION DYNAMIC MODEL

LUE-Model

%:(LUE-E-APAR—Re)-q),—x,-B,

B: leaf biomass [kg DM m2 ground]

LUE: light use efficiency [ kg DM MJ"' m?]

APAR: absorbed photosynthetically active radiation
Re: maintenance respiration [kg DM m2d-"] ¥l

@: fractional leaf allocation

& depends on:
Water Stress: connection with hydrological model
Temperature

k: leaf turnover factor
T water stress 121§, : 10-days average water stress
LAl a: maximum LAl supported by the system

LAl =B-SLA-f, LAL = LAI-(1-Z,,)

fy: fractional vegetation cover
SLA: specific leaf area [m? leaf kg' DM]

number of points in each complex = 7pg = 2nopt + 1,
population size = npt = ngs x 7pg

]

[ Randomly generate npe points in feasible space 7, ]

dim ensionality = nopr, number of complexes = ngs, ’

compute the objective function value for each point

I

Sort the 7pr points in order of increasing objective function value,
store them in A

l

Partition A into ngs complexes, each complex contains »pg points,
ieA={C,C. ", Cu}

Input: n = dimension, g = number of complexes
s = population size, m=s/q.

Sample s points in © using prior distribution
Compute the multiobjective vector F at each point.

v

Compute fitness for each individual of sample and sort the |

s points in order of decreasing fitness. Store them in D.

Initialize g parallel sequences S starting
at the g points of D with highest fithess.

l

—

Evolve each complex Cj, Cz, ***, Ceg: by the CCE algorithm

-

]

Replace Ci, Cs, ***, Gz back into 4,
Sort the rpr points of A in order of increasing objective function value

J

!

criteria

checking

VI Partition D into g complexes ck k= 1,2,...qof m poin's.l

Evolve each sequence k
sk k=12...q.

SEM algorithm
(see Figure 4)

Replace C¥, k = 1,2,....,q, into D and
sort D in order of decreasing fitness.

Convergence criteria
satisfied?
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L PROPOSED METHODOLOGY - STUDY AREA

UPPER TURIA RIVER WATERSHED

Drainage length = 449.61 km
Area = 4295 km?
Rain gauges =93
Temperature stations =93
ET stations =93
Radiation Stations = 13
Reference period=2010-2015
Regions:

- Comunidad Valenciana

- Castilla la Mancha
. - Aragén

S T S T |

YVVVVVVYVYYVYY

—— Turia River

Turia Watershed
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PROPOSED METHODOLOGY - SATELLITE DATA

Soil moisture maps covering the Iberian Peninsula
-> Temporal resolution: two maps per day (ascending — descending)
-> Temporal coverage: 5 years (since January 2010 to December 2015)
-> Downscaling: Brightness Temperature(ESA SMOS) + LST (NASA Terra/Aqua
MODIS) + NDVI (NASA Terra/Agqua MODIS)
-> Free access by SMOS-BEC website (http://bec.icm.csic.es/)

-> Spatial resolution: 1 km

-> New version provides soil moisture estimation independently of cloud cover.
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PROPOSED METHODOLOGY — ALTERNATIVES

Configuration 1 Configuration 2
—> Mono-objective calibration using SCE-UA —> Multi-objective  calibration using
-> Main state variable: Flow at the catchment MOSCEM-UA
outlet point (Q) -> Main state variable: Flow at the catchment
-> Objective-function: Kling-Gupta Efficiency outlet point (Q)
(KGE) -> Objective-functions: Kling-Gupta Efficiency
->Warm-up period: 2008-2009 (KGE) and Balance Error (BE)
-> Calibration period: 2010-2012 -> Warm-up period: 2008-2009
-> Validation period: 2013-2015 -> Calibration period: 2010-2012
-> 24 parameters (9 hydrological and 15 -> Validation period: 2013-2015
vegetation) -> 24 parameters (9 hydrological and 15
vegetation)
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PROPOSED METHODOLOGY — ALTERNATIVES

Configuration 3
—> Multi-objective calibration using MOSCEM-
UA
-> State variable: Flow at the catchment outlet
point (Q) and remote-sensed soil moisture
(SM).
-> Objective-functions: Kling-Gupta Efficiency
(KGE) and Spatial function to evaluate soil
moisture (SME).
->Warm-up period: 2008-2009
-> Calibration period: 2010-2012
-> Validation period: 2013-2015
-> 24 parameters (9 hydrological and 15

vegetation’s)

SME

—> |t is a function to evaluate the performance of the simulated soil
moisture compared to the observed soil moisture, composed by two
parts:

1) KGE index between simulated and observed soil moisture pixel by
pixel

2) a metric based on the similarity between the first five spatial
principal components of simulated and observed soil moisture (EOF

methodology);

SME = P, + P,
2
p = foixelS[KGE(smobs&smsim; V KGE = threshold)]
L total number of pixels
> [KGE(EOF — loadings,,s & EOF — loadingss;y,)]
2 e
5

5% UNIVERSITAT
) POLITECNICA
s’ DE VALENCIA




o RESULTS: CONFIGURATION 1 - CALIBRATION

-> Main state variable: Flow at the catchment outlet point (Q) ; Calibration period: KGE= 0.8123

-> Mono-objective calibration using SCE-UA (Convergence criteria = AFO<0.001, Number of iterations= 1325)

Stream gauge section discharge(Q)

Main Event characteristics

Max. obs. discharge (m3/s) 26.491

Max. sim. discharge (m3/s) 23.472 2

RMSE 2.744 %

Observed peak time 070372010 23:59 24

Simulated peak time 23/10/2012 23:59 23

Peak time error (dt) 961 2 ‘

Observed volume (Hm3) 637.318 2

Simulated volume (Hm3) 611.474 2

Volume error (%) -4.055 e

Nash and Sutcliffe efficience 0.5958 8

Drainage area (km2) 42989.650 1; oyl
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e RESULTS: CONFIGURATION 1 - VALIDATION

-> Main state variable: Flow at the catchment outlet point (Q) ;

-> Validation period: KGE= 0.10112

Stream gauge section discharge(Q)

Main Event characteristics
Max. obs. discharge (m3/s) 34.206 44
Max. sim. discharge (m3/s) 43.290 42
KGE 4282

40
Observed peak time 24/03/2015 23:59
Simulated peak time 0511112015 23:59 38
Peak time error (dt) 226 36
Observed volume (Hm3) 484.092 N
Simulated volume (Hm3) 714.091

32
Volume error (%) 47.511
Nash and Sutcliffe efficience ~ -1.1358 30

Drainage area (km2) 4299.650 28
26
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RESULTS: CONFIGURATION 2 — CALIBRATION (PF)
PARETO FRONT

Candidate Solutions - Configuration 2

Configuration 2
-> State variable: Flow at the catchment

Q Q ° ‘ o —.— Pareto Front
O Candidate Solutions
outlet point (Q): F1=KGE, F2=BE(%) v 0

Candidate Solutions (PF)
135~

0 , OU
—> Multi-objective calibration using ’ ,

MOSCEM-UA T : ‘
Initial population (s) = 1000 points sk 0 ¢
Number of complexes (q) = 50

Number of points per complex (m) = 20

New candidates points per complex (L) =

5

abs(BE)[%]

F2=

Number of iterations = 150 |

Candidate solutions = 97 |

05— |
Candidate solutions (Pareto Front) = 6 |
-> Chosen Candidate Solution !
Calibration Validation A

&
KGE = KGE =

BE= BE = 06 0.61 0.62 0.63

0.68 0.69 07
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S RESULTS: CONFIGURATION 2 — CALIBRATION (HG)

-> State variable: Flow at the catchment outlet point (Q): F1=KGE, F2=BE(%) ; Multi-objective calibration using MOSCEM-UA
-> Calibration: KGE=0.7701 & BE=9.039

Stream gauge section discharge(Q)

Main Event characteristics
Max. obs. discharge (m3/s) 26.491 27

Max. sim. discharge (m3/s) 26.001 26
RMSE 2.853 25
Observed peak time 07/03/2010 23:59 24
Simulated peak time 2410/2012 23:58 23

Peak time error (dt) 962 22
Observed volume (Hm3) 637.319 21
Simulated volume (Hm3) 579.712

20
Volume error (%) -9.039

Nash and Sutcliffe efficience  0.5632
Drainage area (km2) 4299.650
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e RESULTS: CONFIGURATION 2 — VALIDATION (HG)

-> State variable: Flow at the catchment outlet point (Q): F1=KGE, F2=BE(%) ; Multi-objective calibration using MOSCEM-UA
-> Validation: KGE=0.215 & BE=37.684

Stream gauge section discharge(Q)

Main Event characteristics

Max. obs. discharge (m3/s) 34.206

Max. sim. discharge (m3/s) 34.041 34
RMSE 3.927

Observed peak time 24/03/2015 23:59
Simulated peak time 0741112015 23:59 30
Peak time error (dt) 228

Observed volume (Hm3) 484.092

Simulated volume (Hm3) 666.519 26
Volume error (%) 37.684

Nash and Sutcliffe efficience  -0.7970 24
Drainage area (km2) 4299.650
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S RESULTS: CONFIGURATION 3 — CALIBRATION (PF)

PARETO FRONT

Configuration 3 Candidate Solutions - Configuration 3

051 —

-> State variable: Flow at the catchment 0 0 0
5 gl 2 0 o) O Candidale Soutons

outlet point (Q) and remote-sensed soil 0 A " < - - -PaioFron

05 0 0 0 Canddate Soluons (PF)
moisture (SM) 0 0

5 0

-> Multi-objective calibration using 0 : 5 2 ]

0508 — 0 0
MOSCEM-UA 0 g :
Initial population (s) = 1000 points , 0

0507~ 0 0 0 0

Number of complexes (q) = 50

i
|
I
|
Number of points per complex (m) = 20 y | 0
Pose - :
New candidates points per complex (L) = i } :
| 0 0
5 i\ 5 &" = 0
0505 — \
Number of iterations = 150 \\ : 0
\ 0
Candidate solutions = 59 \ :
0504~ N
Candidate solutions (Pareto Front) = 4 = ’
-> Chosen Candidate Solution ol
Calibration Validation 0
KGE = KGE= | ! | | | | |
0502
0.56 058 06 062 0.64 0.66 068 07
SME= SME= e
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S RESULTS: CONFIGURATION 3 — CALIBRATION (HG)

-> State variable: Flow at the catchment outlet point (Q) and remote-sensed soil moisture (SM); Multi-objective calibration using MOSCEM-UA

Calibration: KGE = 0.7321, SME= 0.5836

Stream gauge section discharge(Q)

Main Event characteristics

Max. obs. discharge (m3/s) 26.491

Max. sim. discharge (m3/s) 23.472 %

RMSE 2744 =

Observed peak time 07/03/2010 23:59 24

Simulated peak time 23M0/2012 23:59 B

Peak time error (dt) 961 =

Observed volume (Hm3) 637.319 A

Simulated volume (Hm3) 611.474 o

Volume error (%) -4.055 9

Nash and Sutcliffe efficience 0.5958 8

Drainage area (km2) 4299.650 :; nil
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“EEE RESULTS: CONFIGURATION 3 — VALIDATION (HG)

-> State variable: Flow at the catchment outlet point (Q) and remote-sensed soil moisture (SM); Multi-objective calibration using MOSCEM-UA

; Validation: KGE = 0.62356, SME= 0.5321

Stream gauge section discharge(Q)

Main Event characteristics

Max. obs. discharge (m3/s) 34.206 15

Max. sim. discharge (m3/s) 35.939

RMSE 4.100 34
Observed peak time 24/03/2015 23:59

Simulated peak time 06/11/2015 23:58 2
Peak time error {dt) 227 30
Observed volume (Hm3) 484.092

Simulated volume (Hm3) 697.355 28

Volume error (%) 44.054 2
Nash and Sutcliffe efficience  -0.9588
Drainage area (km2) 4299650 L

22

20
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CONCLUSIONS

Calibration using a multi-approach configuration (in this case, with two temporal objective-
functions) 1s possible to improve the performance of the model.

Multi-approach calibration, including spatio-temporal information improves the performance
of the model even further, pointing out the higher reliability of the obtained parameter values
when including spatio-temporal data (in this case, remote-sensed soil moisture) in the
calibration model.

Even including spatial patterns implied less reduction in the temporal estimator, the spatio-
temporal estimator presented little reduction in the validation step.
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CONCLUSIONS

In the calibration period, the best results were obtained by the first configuration (only
temporal information included), followed by the second configuration (multi-approach but
with only temporal information included) and in the last position the third configuration
(temporal and spatio-temporal information included).

Even though the performance of the first calibration approach was slightly better than the
second and the third, the three calibration approaches provided satisfactory and similar
results within the calibration period.

In the validation period, the best results were obtained by the third configuration, followed
by the second configuration and in the last position the first configuration.
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CONCLUSIONS

Configuration 1 Configuration 2 Configuration 3
Calibration type Mono-Objective Multi-Objective Multi-Objective
Objective-Function 1 KGE KGE KGE
Objective-Function 2 - BE SME=f(KGE-EOF)
State Variable T T/T T/S-T
Calibration results KGE=0.8123 KGE=0.7701 BE=9.039 ;\(jIEE==37538232
Validation results KGE=0.10112 KGE=0.2150 BE=37.684 I;C;;E=30652:2516
Result variations AKGE=0.7118 (-) AAITBG;E;%ZZSS%-(;)) AE;\E;Z;%??S )
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