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Hydrological models and forcing data
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Research questions

1. How useful are satellite-based rainfall estimates (SRE) as
forcing data for hydrological applications?

2. Which SRE should be favoured for hydrological
modelling? Is there any connection between rainfall

quality and hydrological modelling?
3. What could researchers do to increase the performance
of SRE-driven hydrological simulations?
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How useful are satellite-based rainfall estimates
(SRE) as forcing data for hydrological models?
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“Physically-based hydrological models

State-of the art “physically based” models simulate soil moisture and then runoff through
energy and water balance. models
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Conceptual hydrological models

Conceptual hydrological models are used when spatial information of driving
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Rain gauge distribution over land

Global precipitation climatology project rain
gauge stations
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Models vs Satellite rainfall estimates

Global ERAS correlation calculated with Triple Collocation analysis (Massari et al. 2020)
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Models can suffer
from problems over
areas dominated by
convection. Here SRE
show relatively better
accuracy (Ebert et al.
2007)



Take home message #1

SREs are useful especially over data scarce regions
where models do not perform well but are also
useful to complement other rainfall estimates...
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Which SRE should be favoured for hydrological
modelling? Is there any connection between rainfall
quality and performance in hydrological models?
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A large scale experiment

To answer to this question we need a relatively large sample size of basins, multiple
models and different rainfall products

TMPA 3B42-RT
SM2RAIN ¢ car
e MW & IR radiometers + MW radar e ASCAT soil moisture derived rainfall
e Sampling 0.25°(~25 km) e Sampling12.5 km (~12 km)
e 3h coverage for the 50° N —50° S band e Daily global coverage
e 1997 - ongoing e 2007 —ongoing
CMORPH EOBS (gauge based)
e MW+IR data e Ground-based data
e Sampling 0.25°(~25 km) e Sampling 0.22°(~25 km)
e 3h coverage for the 60° N —60° S band e Daily coverage over Europe
e 2002 - ongoing e 1950 - ongoing

We designed a large-scale experiment by forcing three conceptual hydrological models with
different SREs using 1318 basins in Europe covering different climatic and physiographic
conditions. (Camici et al. 2020, HESS)
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Conceptual hydrological models
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Experimentdesign

Satellite rainfall
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Kling-Guptaindex as calibration score

Kling-Gupta Index (Gupta et al., 2009)
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— Models vs rainfall products performance
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Why do some products performs betterthan others?

KGE Q

-0.5 0 0.5 1
RELATIVE BIAS RAINFALL

TMPA

)
= —— —DE-'

0.5 0.6 0.7 0.8

CORRELATION RAINFALL

CMORPH

KGE Q

-0.5

L O
DDE\ O DB
@D
0
— L — -
O
o
O
iy
H o O
- o
O o
O
= O
O
i O -
o g, o
1 2 3

RRMSE RAINFALL

| | SM2RAINscar

4

Precipitation Event Week | EUMETrain | 14-18 December 2020

16



Why do some products performs betterthan others?
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Take home message #2

Bias and relative error can help to understand the
intrinsic quality of the SRE in hydrological model
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What could researchers do to increase the
performance of SRE-driven hydrological
simulations?
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Bias correction and model specific calibration
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An experimentinthe Mediterranean area

—
15 basins over the Mediterranean area with catchment area ranging from 100 to ~5000 km2
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Adapted Nash-Sutcliffe Efficiency index

Adapted Nash-Sutcliffe Index
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Are model recalibration and bias correction really effective?
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Integration with different rainfall sources can be highly effective
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Integration with different rainfall sources can be highly effective (2)

TIBER@MONTEMOLINO
1000
a : ' [ oBSdata —
g s o — 800 TRMM-3B42RT DANSE = +0.16
a v . . . . O TRMM-3B42RT+SM2RAIN .,
B oci-d-—gd-2u 0O E
TMPA E J _ = 600
X 04 ¢ o
O )
|_|_J T & 400
E o2 : 5
" L AR M 5
) ok o 1 § 200
2 ! ANSE=0.38 :
0.2 : - : :
0
-0.2 0 0.2 0.4 06 0.8 1 2013 2014
ANSE SINGLE PROD.
TIBER@MONTEMOLING
1000
: [ ] oBsdata —
5 800 L CMORPH DANSE = +0.26 |
ha R I T CMORPH-+SM2RAIN_
o ) o
CMORPH g e o s
& o4 g
Q Y 8 400 y
= ]
z 0.2 A 0 3 . |!.
T : Q T 00 - : ! H )
< 02k” ] . :, . . 0 N * et Yo
-0.2 0 0.2 0.4 0.6 0.8 1 2013 2014
ANSE SINGLE PROD. TIBER@MONTEMOLINO
1000
S : ‘ :
5 —— cersan DANSE = +0.21
i 0.8 w 800 1 e PERSIANN+SM2RAIN,,, l B
- L) )
@ 06_-_____“_‘ o [ ] % 600 - B
PERSIANN 5 0 4 3 13
E o2 H '§ oo A 4 ik ]
z : o 2 8 by
L ol ! . cal T 200+ e . e . T
5 ' mNse=oss ¢ - MY
< 02 ' ' : : 0 ST g
2 0o 02 04 06 08 1 2013 2014
— ANSE SINGLE PROD.
25

Precipitation Event Week | EUMETrain | 14-18 December 2020



Benefit over data scarce regions

Basin Name Product | Latency
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Satellite rainfall vs gauge vs modelin Africa

Better than
IMERG-ER alone
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Take home message #3

Bias correction and model recalibration are two
options to improve hydrological simulations with
SREs but they do not always work. Integration is a

promising technique that can help
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