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Soil moisture in the hydrological cycle ...

Soil moisture

Soil moisture plays a critical role in the
hydrological cycle since it determines
the partitioning of precipitation into
runoff, evaporation and groundwater __q

recharge) but also in atmosphere Rainfall
studies Runof -

b

» Numerical Weather Forecasting

Snow

» Climate Prediction

» Agriculture and Plant Production

» Shallow Landslide Forecasting
>
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Added value of soil moisture observations...

1. Soil moisture important for the determination of the wetness conditions of

the catchment before a flood event (antecedent wetness conditions)
» Brocca et al., 2009 (JHE),
» Beck et al. 2010 (AWR)

> Tramblay et al. 2012 15t part of the presentation
» Cousteau et al. 2012

2. Soil moisture used for rainfall correction and estimation:
» Crow et al. 2011 (WRR)

» Brocca et al. 2013, 2014 (JGR) 2nd

> Pellarin et al. (2013) part of the presentation

3. Soil moisture used the improvement of the modelling of the catchment

hydrological response (data assimilation):
» Francois et al. 2003 (JoM)

» Brocca et al., 2009 (JHE), 2010 (HESS)

» Matgen et al., 2012 (HYP)

rd :
> Chen et al. 2011 (AWR)-2014(JoM) 3" part of the presentation
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H-SAF soil moisture products used

SM OBS5 1 - HO/

Large scale surface soil
moisture by radar
scatterometer

SM DAS 2 -H14

Profile Index in the roots
region by scatterometer
data assimilation

40°s |
50°S

ASCAT 25km sotl moi

sure 20141022_021300

Most of the climate
models projections for
the Mediterranean
basins have showed that
the region is very
sensitive to climate
change.

(IPCC 2012)
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Antecedent wetness
conditions
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The importance of the antecedent wetness conditions...

—
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Antecedent wetness conditions

... having an estimate of the wetness of the catchment before a
flood event is crucial for understanding how severe will be our

flood
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0.5
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Brocca et al. 2009 (JoH) , 2009 (JHE)
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Assimilation of H-SAF SM products in Mediterranean catchments



S vs O relation: ERS SCAT
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Exploiti :
ploiting the soil moisture importan
ce...

Why do
be}clwee 2(;’; embed directly the relation
oeteen e parameter S and the soil
into the hydrological model?

003, LV
Eart

839/2014/

11_\'\}1\}1. LLalul J-\D\. wovle, 10, 0r7
\\\\\\'.hydrol—eanh-sy st-scinet/18
18—839—2014

doi:10.5 194/hess-
2014. CC Attribution 3.0 License.

© Author(s)
RS

s;z O

available soil moisture indicators for flood modelling

Using glob ally
catchments

in l\lediterranean

1, s. Barbetta
Hydrological Pr

nd Water RocnIT

jkou?, and T. _\[oramarco‘

C. Massari', L. Broccd fim
earch C ouncil, Perugia, Ttaly
1 TTnivor:ih' Af Athens Athenc Cwoard

1Research

21 ahnratntV nf

Institute for Geo-

Tudrenlnoy 2

Assimilati
n of H-SA
F SM products in Mediterranea
n catchments




Soil moisture estimate inside an event based model...

“Observed” Soil $-0 relationship
Moisture

g 100
R 80 \%
.
60 T 9 )
108 A
foond L

0

w0} DN
20 T ©

S(t)

06 07 08 09

1

Rainfall excess
calculation
SCS-CN
e(t)
o(t) = p(t)(P(t) - F,)(P(t) - F, +2S)
(P@)-F, +S)’

N\

Routing IUH

Q(Y)

Advantages:

1) No need of continuous rainfall
and evapotranspiration datasets.
Good in poorly gauged areas.

2) Parsimony and simplicity.
Good for operational purposes.

Observed rainfall

Rainfall P

“Simplified
Continuous Rainfall
Runoff” model
(SCRRM, Massari et al.
2014, HESS)
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Application of the model in Attica (Greece)...
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Application of the model to 35 Italian catchments

italian cq
400 km?

........

To obtain the root zone
soil moisture we used the

Exponential filter for HO7
l 1 G

km

pixels inside the
catchments were averaged
for obtaining a single time
series

Wagner et a|.| 1999ilRSEI
il

and a depth parameter z

which accounts for the
information given by the
layers of H14

v. 1-x: doi:

rticle
Che us
|ydm\

“hristian
;abellan|

Osn—pase =

Osp—pas2 = 04 cz < Tem

(6,0.07 + Oy(= — 0.07))

Osm-pas2 = - 17T < 2 < 28cm
W7+ 0221 + O3(2 — 28) :

Osni—pase = A7+ b2 + 3\ ) 128 < z < 100cm
(17 + 0921 4 0572 + O5(2 — 100))
Gl op2 Zi + 5 ) 0100 < 2 < 289cm
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Application of the model to 35 Italian catchments: results

Results in terms of Nash-Sutcliffe efficiency index

H14 Good HO7

Mean NS over the selected catchements Mean NS over the selected catchements
) 1
I0.9

108

10.7

106

. 40°
40 N ON

i Mean NS equal to 0.58 i Mean NS equal to 0.61
35ﬂ'§°5 ppcs s 10°E 15 E

— E 20 E
10°E 2 Poor

Massari et al. 2014 (Hydrology)
MISDc model used as benchmark NS=0.66 | (under review)
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Application of the model to 35 Italian catchments

Po River at Carigliano Area=3570 km?
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Exploiting soil moisture derived
rainfall in flood modelling: SM2RAIN

Wl i, ; :
W o R , | . A .
\ ) ' O b y ] e
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Rainfall estimation: Top down vs bottom up perspective

’

#

Remote

sensing of Remote Uy

rainfall sensing of
soil moisture 4
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CAN WE USE SOIL MOISTURE DATA TO INFER THE AMOUNT OF
WATER FALLING INTO THE SOIL???
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SM2RAIN concept

RAINFALL@:\ SOIL MOISTURam
ud nduh.ﬂ "-

Pw

Using the soil
as a natural
. raingauge”

20/9 22/9 24/9 26/9 28/9 30/9

The saoill moAs Erre stronghrelat /e amount of rainfall
falling into t e soil mot

e %b/(sﬁrvqtlons for

estimating rainfall by considering the “soil as a naturalT
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SM2RAIN algorithm

relative saturation surace Brocca et al 2013, GRL

prec‘i[oitatlon ! unoff dralnage
Z d.‘i‘(f )/dr = p(r) —r(t)— {J(r) g (r) SOIL WATER BALANCE
EQUATION
SO” WaLer_ . il depth X porosit t ti e
capacr[y_ P P y evapotranspiration
Inverting for p(t): Evapotrariiration‘:e(,t) E[Scipitation:
plt)=Zds(t)/dt +r(t)+e(t) + g (1)

Z< Q' e. Surface
. b runoff: r(t)
Assuming: g(r): ( .S‘(r) + 6(1.‘):0 + 1(t)=0 \ju@(%\"\

@ during rainfall
o
Drainage: g(t T
| p(t)=Zds(t)/dt +as(t) 0y
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SM2RAIN Performance: satellite soil moisture data (HO7)
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from GPCC and the rainfall product Desert Freeze
obtained from the application of
SM2RAIN algorithm to ASCAT data
(VALIDATION period 2010-2011)

Forest
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SMZ2RAIN Performance: in situ data

GODN —

12 sites, 5 countries
At least one year of rainfall and soil moisture

data at hourly time scale.
Most of the sites are located in Italy
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ploiting the SM2RAIN derived rainfall

the SM2RAIN
i orovi algorithm
improving flood modelling? or
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SCRRM model ...

“Observed” Soil
Moisture

£

}

“

S-0 relationship

100
8 \%
60 + O ) )

S(t)

Rainfall excess
calculation

SCS-CN

oty - POPO-F)POF, +25)

Routing IUH

e(t)

2

(P(t)-F,+S)

N\

Q(Y)

The model uses external
source of soil moisture only

for initialization
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We considered a modified configuration of the previous model ...

Initialization
“Observed” Soil $-0 relationship Rainfall excess Routing IUH
Moisture calculation
100
.. o \%
; 1 SCS-CN
Ny
I > [S(1) e(t) [V

>
o(t) = PA)(P(t) - F)(P(t) —zFa +25)
(P-F,+5)

Rainfall estimation

=¥ SM2RAIN rainfall Integrated rainfall
x : via Nudging

Observed rainfall

4,
8 0

N
o o

Rainfall P

o

o

NN R W N
600600 o
Rainfall (mm)

Soil moisture (% vol.)
bR

N
O ®OoONSO
:

R (t)= P (t)+K [PSM 2RAIN (t)- P (t)] ‘

o

100

[0}
20/9 22/9 24/9 26/9 28/9 30/9 2/10

K=0 - Pint=P
Rit) = P (6)+K [PSMZRAIN (t)- Pos (t)] K=1-> Pin’lzf’smc;:m
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Catchment of Valescure - France

Dral

ix
* Réal Collobrier|
.

~r S

]
\
J
)

(Tramblay et al. 2010)

e

Area; 3.83 km?

France - Valescure gjevations:

from 244 m to 815m
ASL

Mean slope: 56 %
30 minutes
interval recorded
data of
- Rainfall
- Temperature
- Discharge

- Soil moisture
(30 cm depth from a
representative
location)
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we obtained an

from NS=0.49 to

increase in performance
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time [h]
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NS=0.83 m W \ 2
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A similar approach with satellite data

Tiber River
catchment @
Ponte Felcino
central |taly

(
-

input

1. Observed rainfall
2. SM2RAIN pscar
3. SM2RAIN ygcar +
© Obs. Rainfall

~
L

Ciabatta et al.
(2014 in prep.)
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MISDc rainfall-runoff model

EVENT-BASED
RAINFALL-RUNOFF
MODEL (MISD)

SOIL WATER BALANCE
MODEL

Runoff simulation by using as
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Data assimilation of soil moisture for
improving flood predictions
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Data assimilation of soil moisture - is there a real benefit?

In rainfall-runoff modelling ...

In the last decades a number studies performed data assimilation
experiments and tested different technigues and approaches for soil
moisture assimilation within rainfall-runoff modelling ...

In situ soil moisture ... Satellite soil moisture ...

However, few studies (to our knowledge)
demonstrated the real value of assimilating
true soll moisture data for improving runoff

prediction and there are still many
controversial issues to be solved ....

Brocca et al. 2012 (IEEE TGRS)
Chen et al. 2014 (JoH)
Garreton et al. 2014 (HESSD)
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Data assimilation of soil moisture - a complex recipe?

Data Assimilationiﬂgred'e S

Observations :
H—fn—pith Rainfall ‘runoff
2) Satellite data model
3) Land surface model data 1) Lumped
Assimilation technique 2). distributed
1) Variational 3) Single laier
2) Seqy . ayers
) The problem is often not the
“Cooki ingredients but the cooking
Bias Han technique ... ition error
1) Varian pral variability
2) Least oguww=s o=y o=—<:1€ Qbs. error
rescaling 2) Others 2) Spatial correlation
3) Cdf matching 3) No filtering between the
4) Triple collocation observations
Model error )—Mapking

1) Model error covariance estimation (i.e. EnkF: ensemble size)
2) What to perturb. (parameters, inputs, states etc ..)
3) How to perturb (amount of perturbation)
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Data assimilation of soil moisture - a complex topic?

Bias Filtering Temporal Spatial What to Bias. Ensemble
handling variability variability perturb  correction size

Ensemble
verification

Given a model and the EnKF as a

/
“Large” ensemble ¥

assimilation technique we can obtain 2300 [Fsma ensembe |

different results = LLeree” ensembe
/ ' ~“Small “ensemble

|/ /|Bias correc

o J 1/ .I"Large" ensemble [\

|
!

innovations
\{Ens. spread

innovations

Ens. spread

innovations

The task can be even more
== difficultif we consider different
e 2= 1 catchment sizes and climatic

""-:"lTripIe colloc. ensemble /
e, ®
s o | conditions ....

o [® @
AIENE
o || o

H

ensemble
W bl = —— {
1\ [ ‘ - [ ~{“small “ensemble
I\ | AIndipendent
\ |SWI |;‘ |Trip|e colloc. Ii: If -
\\ // Mcorrelated |
\ ilteri - Variable in time _ - o
illNu filtering } | | _‘.W / /|No bias correc. I

[

{“Large” ensemble [\

Model error  § “Small “ensemble |

m m m
3 - )
I » »
w » »
k-] -] -]
® 3 o
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Ens. spread

Il

innovations
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m
3
[
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o
=
m
i
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\\ | Param+input T
\, |Bias correc.
\\ 1“Large” ensemble

~“Small “ensemble

Params#state+inp |\’ Bias correc

[

No bias correc. =
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We need to start a systematic study: Tiber River (Central Italy)

Tevere at Ponte Felcino

Nestore at Marsciano
Chiani at Morrano
Topino at Bevagna
Marroggia at Azzano

Niccone at Migianella

6 sub-
catchments
(140-2080 km?)

0 150300 600 900 1200
km
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Tiber River Basin

| _m

2080
725
457
440
258
137

Rainfall-runoft
data from 1989
at hourly time
resolution




SOIL WATER BALANCE
MODEL

<

e(t):
evapotranspiration

r(t):

rainfall

s(t):

aturation
excess

f(t):

alty: l
percolation

S: soil potential maximum retention
W(t)/W,,.x. saturation degree

100 +

W) >

60 +

S (mm)

40 +

20 +

>

0 T T T
06 07 08 0.9

W)W

calibration period: 1989 - 2009
assimilation of HO7 during 2010 - 2013

1

Hydrological model

RR model with 1 layer (Brocca et al., 2010 HESS)
Lumped version

EVENT-BASED
RAINFALL-RUNOFF
MODEL (MISD)

upstream’ rainfall excess
discharge

SCS-CN
outlet % channel routing
rscharge 4 diffusive linear approach

subcatchments
geomorphological 1UH

directly draining areas
linear reservoir IUH
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Ensemble Kalman Filter

update ensemble
EnKF members x!
| Xi observation \'/k
| |
L._-E:]“N \\ |

| Integrate

| ensemble of P
| states and compute K
| sample covariance P

Tyt Ty

—_—
x
+
—k

Nonlinearly propagates ensemble
of model trajectories.

Can account for wide range of
model errors (incl. non-additive).

Reichle et al., 2002 (MWR)

xki state vector (eg soil moisture)

P, state error covariance

R, observation error covariance

Ensemble size N=50 members
Perturbing parameters and inputs

We assume observation error
constantin time

ENSEMBLE TEST

enSkk = (Q_li - Qo,k )2

2

1 N i N
ensp, :ﬁz(Qk -Q,)  <ensk, > <1
i=1

<ensp, >

1 i
mse, =N > (Q—Q,)  <ensk, > _IN+1
i=1 ~

<mse, > 2N

De Lannoy et al. 2006, JGR
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Data assimilation setup

FLAGGING AND AVERAGING OF THE
OBSERVATION

Data removed when quality flags of HO7 >1
Averaging pixels fallen inside the catchment using the weighted linear inverse
method

FILTERING SWI: Soil Water Index
t —t; t: time
ZSSM“ exp(— J SSM,;: relative Surface Soil
SWI(t)=— = Moisture [0,1]
Zexp(— T ') ti: acquisition time of SSM,
! ' characteristic time length

Wagner et al., 1999 (RSE)
RESCALING

1) Variance matching (Brocca et al 2010, HESS)
2) Linear least square rescaling (Yilmaz and Crow 2012, JM)

3) CDF matching (Reichle and Koster, 2004)
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Chiani catchment: results
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Chiani catchment: observation handling
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Results: Chiani river basin data assimilation
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Results: Chiani river basin most important flood events

CHMO Catchment NSass=0.824 NSval=0.63 NSens=0.66
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Results: Chiani river basin
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Results for all cathcments
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Conclusions

H-SAF soil moisture products may offer a great benefit in
rainfall-runoff modelling in Mediterranean catchments and can
be used directly both in RR modelling for operational purposes
and as additional information for improving flood modelling in

the contest of data assimilation in hydrological models

A lot of work remains to be done for:

* a better characterization of the errors to associate to satellite
observations (there should be a stronger connection between
users and developers)

* the understanding the effect of the RR model structure,
rescaling, filtering on the results of the data assimilation

* exploring the potentiality for a larger range of climatic
conditions and catchment characteristics
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Thanks for your attention

A special thanks to Clement Albergel, Patricia De Rosnay, Silvia Puca,
Simone Gabellani and Wolfgang Wagner
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