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Investigate whether satellite data can
improve soil moisture estimation for
operational hydrological forecast
purposes in Liguria, particularly given the
lack of soil moisture ground sensors
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Objective

Brocca et al., 2009
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CMI — ARPAL

 The Clima — Meteo — Hydro operative unit of the Regional

Environmental Protection Agency of Liguria (CMI — ARPAL) is
the institutional regional office working for flood forecast and
for operational meteo-hydrological alert. It has been working
since 1995 concurring to design the system of the regional
Functional Centres for Civil Protection, concluded with the
publication of the Italian law DPCM 27/02/2004.

Some numbers

... about office: 8 hydrologists, 10 meteorologists, 10 technicians for
observational network, software and hardware maintenance, 1 manager

... about job: daily meteorological and hydrological forecast, in-event
monitoring, discharge measurements, publication of the hydrological time
series, maintenance and development of the operative instruments,

meteorological and hydrological models, hydro-meteorological public
disclosure
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CMI — ARPAL forecast procedures

Meteorological evaluation on the models on the

window of the next 48-72h on the Liguria,
quantifying QPF (Quantitative Precipitation
Forecast) on warning areas

Meteorologists
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CMI — ARPAL forecast procedures
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CMI — ARPAL forecast procedures
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CMI — ARPAL forecast procedures
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DRIiFt initialization with CPl method

H= Z h.e®t V pluviometer

Weighted precipitation, spatially interpolated on the
DRiFt model domain and related to V;,,,,,(CN),
provides the initial condition of the soil saturation
degree for the model

* t:antecedent day [days]
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h;: cumulated precipitation [mm] during the
last 24 h of day ¢t

* a:exponential decay factor [1/day]

D, a variable on spatial and temporal scale
(season, warning areas)
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DRIiFt initialization with CPl method

D
H= Z h.e®t V pluviometer
=1

Weighted precipitation, spatially interpolated on the
DRiFt model domain and related to V;,,,,,(CN),
provides the initial condition of the soil saturation
degree for the model
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DRIiFt initialization with CPl method
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V pluviometer

D
H == Z hteat
t=1

Weighted precipitation, spatially interpolated on the
DRiFt model domain and related to V;,,,,,(CN),
provides the initial condition of the soil saturation
degree for the model

* t:antecedent day [days]

D: antecedent period duration [days]

*  h;: cumulated precipitation [mm] during the
last 24 h of day ¢t

* «:exponential decay [1/day]

D, a variable on spatial and temporal scale
(season, warning areas)

Can HSAF soil moisture satellite
data improve DRiFt initialization?
Are they a valid alternative?
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Study area

Modelled cross sections selected as study case
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Study area

Bacini Liguria

(inclusi parte francese Roja e Magra Toscano)
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Events

Autumn
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25/12/2017
09/10/2018
27/10/2018

31/10/2018

Spring
07/06/2011
14/05/2013

Autumn: 15/09 - 31/12
Winter: 01/01 - 14/04
Spring: 15/04 - 30/06
Summer: 01/07 - 14/09

Winter
03/01/2014
15/01/2014
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27/02/2016
03/03/2016
02/02/2017
09/03/2018
14/03/2018
31/01/2019
02/04/2019
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Summer
12/09/2015
03/09/2011
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SM H14 (ASCAT-ECMWF)

H14 pre-processed to obtain layers 0-7 cm and 0-28 cm from
the surface — obtain values comparable with operational
model input

Masked on the selected basin drainage areas — daily maps
extracted from the time series
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SWI T6 H16 (ASCAT)

 H16 pre-processed with exponential filter to obtain SWI —
obtain values comparable with operational model input

 Masked on the selected basin drainage areas — maps
composed with the SWI values detected between initialization
DRiFt model date and 48 hours before
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Regression curves

S(H14) VS SOcost - PANESI - 363 [knf]
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Regression curves
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Regression curves
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Results — events in calibration
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Results — events in calibration

SimOss 201211030000 — 201211052300 (sez.: PANESI); init. S(H14) — S(H186) SimOss 201611190000 - 201611212300 (sez.: PORTOV); init. S(H14) - S(H16)
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Results — events in validation

SimOss 201111030000 - 201111052300 (sez.: NASCET); init. S(H14) — S(H16) SimOss 201010030000 — 201010052300 (sez.: PANESI); init. S(H14) — S(H16) SimOss 201803080000 — 201803112300 (sez.: NEVCIS): init. S(H14) - S{H16)
(validation) (validation) (validation) ’
T T T T T 1000 T T T T T
450 === Oss : ' - ——0Oss —— Oss ‘ : I : I
Sim S{H14g 7o) [ : : anol Sim StH14g 2o | o o - 2001 Sim S(H14, | : ; 4
Sim S(H14, ) : : : Sim S{H14,_ppe) : Sim StH14y_pgen) : :
400r1 Sim S(H16) i : : ' FR T Sim S{H16) : : : 180l Sim S(H16) : : : : |
——— Operalive 800 | = Operalive : : : ——— Operative : : :
3501 : 160} : |
Z00L e
300 140 1
[ RO e R
_________ = ‘ 5 5 7 1200 i
E s00f ; : : . &
C : : o 100
: 400F
80
150k e sool
60
100 200k e . R s AN R
: . : 40
501 100 20
‘ : eoesese==EIices, - : :
201111030000 201111030100 201111030200 201111030300 201111030400 201111030500 2010030000 201010030100 201010030200 201010030300 201070030400 201010030500 20185090000 201803090100 201803090200 201803090300 201803090400 201803080500
SimOss 201010030000 - 201010052300 (sez.: NASCET); init. S(H14) — S(H16) SimOss 201103140000 - 201103162300 (sez.: NEVCIS); init. S(H14) - S(H16) SimOss 201305170000 - 201305192300 (sez.: PORTOV); init. S(H14) — S(H16)
(validation) (validation) (validation)
300 : T T T T 250 o T T T T 400 ! i ! ' ;
o ! T r——oss o R S ) . ] o . T
— Sim S{H14, ) Sim StH1%_7em) | : : Sim S(H14y )
Sim S(H14,_, ) : : Sim SiH14y_zgeq) : : 350H Sim S{(H14) g0 B
250H Sim S(H16) : : i ; - Sim S{H16) : : : Sim S(H16)
——— Qperative : : : 200 -——— Operative : ; i =——— Qperative :
: : : : : : : 300k o P Y S 4
200k T [ . T I i

Q [m:'fs]

501

L 1 1 | L ! . 1 1 L I i | | L
201015030000 201010030100 201010030200 201010030300 201010030400 201010030500 201105740000 201703140100 201103140200 201103140300 201103140400 201103130500 2013057170000 201305170100 201305170200 201305170300 201305170400 201305170500

UARPAL § D2 D &

Agenzia regionale per la protezione dell'ambiente ligure a




PBIAS [—o0 ; +0 ]

PRIAS — 100 » 2=t 5 — 05s)

n
i=1 0Ss;

Nash-Sutcliffe [-00;1]
i=1(Sim; — 0ss;)?

NSE =1 — N
2 ,(0ss; — 0ss)?

MAE [0; 4o0] m?ys
?:1|Simi - OSSil

MAE =

i i
U ARPAL SO OS

26



GOF init. SM H14 (layer 0-7cm)
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GOF init. SM H14 (layer 0-28cm)
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GOF init. SWI T6 H16
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Further remarks

e Operational aspects: few study cases (4 basins) vs need to
achieve satisfactory results on several cross sections, many of
which not provided with observations

* DRIiFtis event-based, cannot compare time series of satellite
data with modelled time series of S, as in continuous models
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1. Consider further research with use of higher
resolution data - when available — and keep a
distributed initial moisture instead of SO

CN-derived SO (from observed P and R)

Deeper seasonal analysis — is there a clear seasonal
trend?

4. Install ground station for satellite data validation
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Conclusions

e Potential to improve SM estimation for model

initialization, but limitation related to spatial data
availability for H14 and temporal for H16, which hinder
operative use.

This limitation may be solved in case of future HSAF SM
data distribution with finer spatial resolution (need for
further investigation)

Satellite data alone can not provide an alternative to
operational CPl model initialization, but it could be
used to correct it

Useful for other hydrological evaluations during the
operative phase, too, not only for the purely modelling
aspect
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