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Outline

® Introduction
- Natural microwave emissions useful for remote sensing

- Evolution of the land surface processes in IFS since the scheme
used in ERA-Interim reanalysis

® Changes affecting the soil moisture dynamical range
- New soil and snow hydrology (extensively revised schemes)
- New bare ground evaporation (dry-lands)

® Changes affecting the vegetation layer
- New monthly Leaf Area Index from MODIS c5

® Ongoing developments on inland water bodies
- On the importance of Lakes for SMOS/SMAP

- Modelling lakes as part of the land surface model

® Conclusions
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Microwave Remotely sensing soil moisture
from space: A simplified description

L-band Tb

Soil moisture modifies

soil dielectric constant—=> emissivity €

L-band Tb

L-band Tb

Vegetation attenuates
the natural emission

Lakes create a large emission
masking the signal of soil

Tb soil — € Ts Ty gttenuated by T, varying with lake
= vegetation layer [f(LAI)] temperature [f (T_skin)]
Sounding soil depth Frequency Wavelength Atmospheric absorption
L—band Tb ~5 cm 1.4 GHz 21 cm Negligible
(C-band Th] ~1em 6.9 GHz 5cm Low (except rainy area)
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Land surface model changes since ERA-I
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® TESSEL

Van den Hurk et al. (2000)
Viterbo and Beljaars (1995),
Viterbo et al (1999)

Up to 8 tiles (binary Land-Sea mask)
GLCC veg. (BATS-like)

ERA-40 and ERA-I scheme

O LSM Changes with Tb impact

® Hydrology-TESSEL

Balsamo et al. (2009)
van den Hurk and
Viterbo (2003)

Global Soil Texture (FAO)
New hydraulic properties

Variable Infiltration capacity &
surface runoff revision

® NEW SNOW

Dutra et al. (2010)
Revised snow density
Liquid water reservoir

Revision of Albedo
and sub-grid snow
cover

NEW LAI

oussetia et al. (2011)
New satellite-based

Leaf-Area-Index

SOIL Evaporatio

Mahfouf and Noilhan (1991)

Land surface tiles in ERA40 surface scheme
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Soll moisture
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Soil hydrology
(Balsamo et al. 2009, JHM)
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= HTESSEL

= TESSEL + Observations

Hydrology-TESSEL

Balsamo et al. (2009)
van den Hurk and
Viterbo (2003)

Global Soil Texture (FAO)

Van Genuchten
hydraulic properties

Variable Infiltration capacity &
surface runoff revision
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Soil moisture modifies

soil dielectric constant—> emissivity €

Tb_soil — & Ts
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New snow scheme
(Dutra et al. 2010, JHM)
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Soil moisture which modifies

soil dielectric constant—> emissivity €
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® NEW SNOW

Dutra et al. (2010)
Revised snow density
Liquid water reservoir

Revision of Albedo
and sub-grid snow
cover
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New vegetation seasonality
(Boussetta et al. 2011, IJRS)

® NEW LAI
Total LAI [m2 m-2] -Operational
5 Boussetta et al. (2011)
55
h jj New satellite-based
4
2’5 Leaf-Area-Index
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Previous LAl (van den Hurk et al. 2000, ECMWF TM)

MODIS LAI (c5) Boussetta et al 2011. Jarlan et al. 2008, Myneni et al., 2002

Total LAI [m2 m-2] -July MODIS Total LATI [m2 m-2] -January MODI3
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A new soil moisture

obtained from ERA-Interim land surface offline-runs
(Balsamo et al. 2011, ECMWF NL)
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ERA-Interim surface soil moisture is very homogeneous and present unrealistically high values over deserts (as visually
comparable with AMSR-E soil moisture product). The new ICs has a larger range of values with drier deserts.
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Is the soil moisture better represented when

verified agains independent in-situ networks?
In Collaboration with C. Albergel and P.de Rosnay
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Lake modelling
Dutra et al. (2009), Balsamo et al (2009), Boreal Env. Res., and TM608/609
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FLake model compared to Lake observations
Andrea Manrique-Sunen, Annika Nordbo (U. Helsinki), lIvan Mammarella (U. Helsinki)

Measured water temperature and thermocline depth Modeled water temperature and mixing layer depth
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® Over a lake specialized
0 o site observations can be
compared with FLake
05 os} (Mironov et al. 2010)
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FLake model in the IFS: global verification
Balsamo et al (2011) ECMWF TM 648

SST Lake 2001-2008
40 7

p ® FLAKE Lake surface temperature is
Model mean =15.3819°C .7 verified against the MODIS LST
Modis mean = 15.0262 °C % product (from GSFC/NASA )
® (Good correlation
R=0.98

® Reduced bias
BIAS (Mod-Obs) < 0.3 K

Model (°C)
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FLake model in the IFS: Forecast impact
Balsamo et al (2011) ECMWF TM 648

-------------------

» @ Offline surface runs are used to prepare ICs for
« anew lake modelling component and permit

. the forecast assessment.
.+ Those fields are adopted
I by S4 as new lake clim.
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- Cooling 2m temperature — Improves 2m temperature

Warming 2m temperature Degrades 2m temperature

ERA-Interim forced runs of the FLAKE model are used to generate a lake model climatology which serves as IC in forecasts
experiments (Here it is shown spring sensitivity and error impact on temperature when activating the lake model).

SMOS-ECMW /11/2011 - G. Balsamo w
w




Conclusions and perspectives

® The current status of the operational land surface model is summarized in a recent
News item (Balsamo et al. 2011, ECMWF Newsletter 127)

® A methodology to re-actualize the land surface state in reanalyses has been
designed and integrated with ECMWEF facility and already serves operational
applications in Data Assimilation (e.g. ASCAT CDF-matching) and Seasonal
Forecasting (land initial conditions for System-4).

® The current soil moisture is in a better agreement with in-situ observations as
verified by independent studies, and in attribution studies, it is shown to improve
weather forecasts and seasonal forecasts (e.g. Weisheimer et al. 2011 GRL)

® SMOS provides unique information on soil moisture in the L-band (very sensitive to
water) and is likely to benefit from those land surface model improvements.

® The perspectives of simulating lakes in the IFS will have the potential of better
characterizing inland water bodies when coupled to CMEM radiative transfer
(de Rosnay et al. 2009, Muhoz-Sabater et al. 2011)

ECMW
SMOS-ECMWF 7/11/2011 - G. Balsamo —
J ' swos-cuwr 711201t G Basamo 30~ F



