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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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CC--band Tbband Tb

Microwave Remotely sensing soil moisture 

from space: A simplified description

Sounding soil depth Frequency Wavelength Atmospheric absorption

~5 cm 1.4 GHz 21 cm Negligible

~1cm 6.9 GHz 5 cm Low (except rainy area)
LL--band Tbband Tb

LL--band Tbband Tb

Vegetation attenuates 

the natural emission
Lakes create a large emission 

masking the signal of soil

LL--band Tbband Tb LL--band Tbband Tb
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Tb attenuated by 

vegetation layer [f(LAI)]
Tb varying with lake 

temperature [f (T_skin)]

Soil moisture modifies 

soil dielectric constant emissivity ε

Tb_soil = ε Ts
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LSM Changes with Tb impact

SMOS-ECMWF 7/11/2011 - G. Balsamo 

Land surface model changes since ERA-I

R1  >  R2

D1 <               D2

P1             =               P2

σ1              > σ 2

R2

Fine texture Coarse texture

 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

 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

2000/06                                                                   2007/11                                            2009/03                2009/09                                      2010/11

 NEW LAI

Boussetta et al. (2011)

New satellite-based

Leaf-Area-Index

 SOIL Evaporation

Mahfouf and Noilhan (1991)
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Soil hydrology

(Balsamo et al. 2009, JHM)
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R1  >  R2

D1 <               D2

P1             =               P2

σ1              > σ 2

R2

Fine texture Coarse texture

 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

Soil moisture modifies 

soil dielectric constant emissivity ε

Tb_soil = ε Ts
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New snow scheme

(Dutra et al. 2010, JHM)
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 NEW SNOW

Dutra et al. (2010)

Revised snow density

Liquid water reservoir

Revision of Albedo

and sub-grid snow 

cover

The Timing of Snow melt modifies 

Soil moisture which modifies 

soil dielectric constant emissivity ε

Tb_soil = ε Ts
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 NEW LAI

Boussetta et al. (2011)

New satellite-based

Leaf-Area-Index

New vegetation seasonality

(Boussetta et al. 2011, IJRS)

Previous LAI (van den Hurk et al. 2000, ECMWF TM)

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

Tb attenuated by seasonally varying 

vegetation layer [f(LAI)]
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A new soil moisture 

obtained from ERA-Interim land surface offline-runs

SMOS-ECMWF 7/11/2011 - G. Balsamo 

ERA-Interim surface soil moisture is very homogeneous and present unrealistically high values over deserts (as visually 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.

Figure: Global plots show 
the 1st of January 1989 
from ERA-Interim and 
from a 10 spin-up run.

NB: the new bare-soil 
evaporation in particular 
allows to reach a much 
drier level in soil moisture

 SOIL Evaporation

(Balsamo et al. 2011, ECMWF NL)
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rmse rmse rmse rmse rmse rmse

SBR 0,182 0,182 0,233 0,233 0,239 0,239

URG 0,170 0,119 0,108

CRD 0,126 0,183 0,194

PRG 0,095 0,064 0,056

CDM 0,100 0,064 0,056

LHS 0,081 0,057 0,058

SVN 0,073 0,080 0,088

MNT 0,142 0,101 0,092

SFL 0,056 0,057 0,085

MTM 0,045 0,095 0,096

LZC 0,127 0,160 0,167

NBN 0,074 0,105 0,111

0,106 0,098 0,110 0,103 0,113 0,108

0,091 0,060 0,069

0,074 0,112 0,118

0,077 0,054 0,051

0,067 0,057 0,063

Layer 1
TESSEL LSH-TESSEL LSH_TESSEL-PP

rmse rmse rmse rmse rmse rmse

SBR 0,176 0,176 0,217 0,217 0,224 0,224

URG 0,090 0,065 0,050

CRD 0,117 0,167 0,180

PRG 0,076 0,080 0,073

CDM 0,135 0,094 0,079

LHS 0,135 0,105 0,094

SVN 0,044 0,087 0,096

MNT 0,048 0,041 0,085

SFL 0,040 0,057 0,099

MTM 0,040 0,044 0,040

LZC 0,110 0,149 0,156

NBN 0,078 0,106 0,115

0,091 0,082 0,101 0,096 0,108 0,106

0,040 0,046 0,091

0,079 0,114 0,122

0,061 0,058 0,053

0,053 0,044 0,042

Layer 2
TESSEL LSH-TESSEL LSH_TESSEL-PP

Is the soil moisture better represented when 

verified agains independent in-situ networks?

In Collaboration with C. Albergel and P.de Rosnay

r r r r r r

SBR 0,508 0,508 0,527 0,527 0,522 0,522

URG 0,886 0,881 0,895

CRD 0,766 0,776 0,772

PRG 0,561 0,497 0,493

CDM 0,818 0,847 0,838

LHS 0,848 0,843 0,832

SVN 0,926 0,926 0,925

MNT 0,890 0,912 0,804

SFL 0,860 0,877 0,786

MTM 0,890 0,894 0,891

LZC 0,885 0,901 0,901

NBN 0,882 0,870 0,868

0,810 0,796 0,813 0,805 0,794 0,786

0,888 0,907 0,813

0,901 0,917 0,918

0,787 0,778 0,792

0,894 0,894 0,887

Layer 2
TESSEL LSH-TESSEL LSH_TESSEL-PP

rmse

correlation
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2nd LAKES in NWP Workshop, Norrköping, 15/09/2010

LAKE COVER

Lake modelling

Dutra et al. (2009), Balsamo et al (2009), Boreal Env. Res., and TM608/609

 FLAKE Lake model was 
tested in IFS CY35R3.

 Evaporation rates were 
increased in temperate 
climate

 L-band peak even 
stronger on lakes than 
SM!

 Crucial importance of lake 
depth
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FLake model compared to Lake observations

Andrea Manrique-Sunen, Annika Nordbo (U. Helsinki), Ivan Mammarella (U. Helsinki)
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Lake Valkea-Kotinen (FI)

extinction coefficient 3.0 m-1״

depth 4 m, area 0.041 km2״

considering only lake״ N
o

rd
b

o
 e

t 
a

l.
 2

0
1

1Courtesy of Annika Nordbo et al.

(presented at EMS2011) 

Tb varying with lake 

temperature [f (T_skin)]

 Over a lake specialized 
site observations can be 
compared with FLake
(Mironov et al. 2010) 
model output as provided 
by the LAKEHTESSEL 
model version (foreseen 
for 2012).
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FLake model in the IFS: global verification

Balsamo et al (2011) ECMWF TM 648

SMOS-ECMWF 7/11/2011 - G. Balsamo 

 FLAKE Lake surface temperature is 
verified against the MODIS LST 
product (from GSFC/NASA )

 Good correlation

R=0.98 

 Reduced bias

BIAS (Mod-Obs) < 0.3 K
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FLake model in the IFS: Forecast impact

SMOS-ECMWF 7/11/2011 - G. Balsamo 
ERA-Interim forced runs of the FLAKE model are used to generate a lake model climatology which serves as IC in forecasts 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).

 FLake

Mironov et al (2010), 

Dutra et al. (2010), 

Balsamo et al. (2010)

Balsamo et al. (2011)

Extra tile (9) to account

for sub-grid lakes

Cooling 2m temperature     

Warming 2m temperature

Improves 2m temperature     

Degrades 2m temperature

Forecast sensitivity Forecast impact

Lake cover  Offline surface runs are used to prepare ICs for 

a new lake modelling component and permit

the forecast assessment.

Those fields are adopted

by S4 as new lake clim.

Balsamo et al (2011) ECMWF TM 648
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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 ECMWF 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, Muñoz-Sabater et al. 2011)
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