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Interaction between Soil Moisture and Atmosphere

Based on a multi -model approach: characterization of the strength of the coupling between
surface and atmosphere.

JJA Land-Atmosphere Coupling Strength, Averaged Across AGCMs
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Surface analysis

SMS: Supervisor Monitor Scheduler
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Operational soil moisture analysis

1999- 2010: Soil Moisture (SM) Optimum interpolation (Ol)

Relies on the link between soil variables and the lowest atmospheric
level:
AToo dry soil A 2m air too dry & too warm
AToo wet soil A 2m air too moist & too cold
HTESSEL Land Surface Model A Soil Moisture increments based on the
analysis increments for the T2m and

! !
RH2m:
Li rQ =a, (- Jb, (o)
And for the first soil temperature layer:
/A - L_—|'E}
[]

Superscripts a and b denote analysis and background respectively, i
denotes the solil layer.

Coefficients ai and bi are defined as the product of optimum
coefficients Ui and bi minimizing the variance of analysis error

and of empirical functions F 1, F2, F3.

\IR/’efelrJenceslHIggSSEL: References Ol: SM Ol is used in operations at
iterbo et al., Douville et al., 2000 I
Van den Hurk et al., 2000 Mahfouf, 1991 ECMWE since 1999

Balsamo et al. 2009
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Soil moisture analysis:
lllustration of the Ol results

Numerical experiment for June-July 2002
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Optimum interpolation for soil moisture analysis:
A Efficiently improves the turbulent surface fluxes and the weather forecast on large
domains.
A But root zone soil moisture is the variable in which errors accumulate.
e
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From the Ol to the EKF soil moisture analysis

The Ol SM analysis has been used in operations for more than 10 years. It efficiently
improves the turbulent surface fluxes and the weather forecast on large domains.

However it is not designed to include new generation of satellite data linked to
soil moisture, vegetation or snow:
- SM from active microwave (C -band ERS, MetOp/ASCAT, L -band SMAP)
- SM from passive microwave (L -band SMOS, SMAP, C -band AMSR -E)
- Leaf Area Index/ NDVI (MODIS, MetOp/AVHRR ; GEOLAND)
- Snow (H-SAF/CDOP, coreH 20 (?))

An Extended Kalman Filter soil moisture analysis has been developed at ECMWF
in Research ( 2004-2008), validated and implemented (  2009) to go into operations
in autumn 2010 (with the IFS cycle 36r4).

Operational implementation includes a revised structure of the surface analysis
(Vasiljevic et al., 2009; de Rosnay et al., 2009).
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Current developments of soil moisture analysis

Extended Kalman Filter surface analysis

The analysis 1s obtained by an optimal combination of the observations and the
background (short-range forecast):

Xa(t) = xp(t) + K (y(t) — Hxy(2))

where K 1s the gain matrix:
K= (B '(t)+H' () R'H(¢))"'"H (tH)R*

The observation operator H 1s the Jacobian matrix of:

o 6y; _ yi(r+6x;) —yi ()

In finite differences, the elements of the Jacobian matrix are estimated by
perturbing individually each component r; of the control vector x by a small
amount dx;. sensitivity as been conducted to find the optimum perturbation oz ;.

Simplified EKF (SEKF)
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EKF Operational implementation
Re-organisation of the surface analysis within the IFS

35r2: From 35r3: _ _
- Surface analysis after 4D -VAR - Surface analysis before 4D-VAR (run in parallel)
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EKF Operational implementation

Major change in the operational system A long term evaluation:

Set of twol-year experiments at T255 with IFS cycle 36rl
From 1 December 2008 to 30 November 2009:
- Ol (6h analysis time slots)

- SEKF (12h windows, as 4D-Var)

Both using the screen level parameters analysis as input of the soil moisture

Analysis.

Computing Time (CPU in s) per 12h cycle:

T159 (125km)

T255 (80km)

T799 (25km)

Ol 3 10 20
SEKF 3.103 104 2.10°
4D-Var 4. 10° 106

SEKF running on several processors A Ellapsed time 600s at T799

o)
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SEKF Comparison/validation with Ol 7 July 2009
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Much reduced increments
with the EKF compared to the Ol
Y more efficient
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SEKF Comparison/validation with Ol 7 July 2009

Profile of Soil Moisture increments
difference |SEKF|-|Ol|

| Layer 1 (0-7cm)

Layer 2 (7-28cm)

Increments reduction: mainly at depth

Layer 3 (100-289 cm)
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EKF surface analysis system

AAccounts for the complex and non-linear link between screen parameters
(T2m RH2m).

AProvide similar results than the Ol when screen level parameters are used.

AFlexible to include new type of observations that are more directly linked to soil
moisture:

ASM form active microwave (C-band ERS and ASCAT on MetOp)

ASM from passive microwave (L-band SMOS, C-band AMSR-E)
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Active microwave remote sensing
ERS-1/2 scatterometer data and MetOp ASCAT

- Active microwave instruments operating at C-band (5.6GHz)
- ERS-1: August 199117 May 1996
- ERS-2: March 1996 i January 2001 and May 2004 7 now
- MetOp ASCAT (EUMETSAT):
November 2006 T now. Near Real Time (NRT)
surface soil moisture index (ws) based on the
TUWien retrieval scheme (Wagner et al. 1999)

Product of interest:
ws (surface soil moisture index)

ECMWEF observation operator:
Cumulative Distribution Function (CDF)
of ws (ASCAT or ERS SM index) -~ »
and ECMWF soil moisture A
(Matches mean and variance) s

H-SAF Project: http://www.meteoam.it/modules.php?name=hsaf ) Motsture Map (August 1595)

ERS/MetOp SM: http://www.ipf.tuwien.ac.at/radar/index.php?go=ascat P
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Active microwave remote sensing

Correlation of ERS and ERA -40 SM abs. values and anomalies

General good agreement between ERS and
ERA-40 soil moisture products.

For 85% of the land points, correlation is
significant at the 0.05 level.

High correlation where strong SM seasonal
cycle (e.g. monsoon regions).

Relatively low correlation in the eastern part
of the North America (high amount of
biomass).

ASCAT provides good SM information in semi-arid

ipal et al., ADWR 2008
and moderately vegetated area. Scipal et a

L
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ASCAT SM data in the ECMWEF IFS

SMS: Supervisor Monitor Scheduler

Observations
pre-processing:
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files
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ASCAT SM data in the ECMWEF IFS

SMS: Supervisor Monitor Scheduler
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ECMWF Operational ASCAT monitoring (since September

Satellite Data Monitoring - Mozilla Firefox
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ECMWF Operational ASCAT monitoring (since September 2009)

Soil moisture - Mozilla Firefox
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ECMWEF Operational ASCAT monitoring (smce September 2009)
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ECMWF Operational ASCAT monitoring (since September

~:Time series of area averages - Mozilla Firefox
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