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The ECMWF land surface model
® Tiled ECMWF Scheme for Surface Exchanges over Land

Land surface tiles in ERA40 surface scheme

Treatment
Of SNOwW und?l' high e - on . ® Lake tile (in progress)
high vegetation vegetation

Mironov et al (2010),

: Dutra et al. (2010),
.Canop.y res.lstances, Balsamo et al. (2010)
including air S Balsamo et al. (2011)

humidity stress on Exra tile (9) to account
for sub-grid lakes
forest
Fel
High and low |
vegetation

treated separately

Variable root depth



Forests description

The dominant forest type and its cover are prescribed by a global static map
(Loveland et al. 1998)

FOREST TYPE FOREST COVER FRACTION

ever needle M decineedle M deci broad M ever broad mix forest Wint forest

Aggregated from GLCC 1km
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Impact of Forest+Snow Albedo

A lower albedo of snow-+forest tile in the boreal forests (1997) reduced dramatically
the spring (March-April) error in day 5 temperature at 850 hPa
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Impact of Forest+Snow Roughness Length
Dutra et al. 2009

The introduction of a vegetation dependent roughness length affecting the
aerodynamic resistance show sensitivity on snow accumulation (less sublimation)
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Land surface model current status

2007/11 2009/03 2009/09 2010/11 2011/11 2012/06
® Hydrology-TESSEL e NEW SNOW e NEW LAI e H,0/E /CO,
Balsamo et al. (2009) Dutra et al. (2010) Boussetta et al. (2011) Integration of Carbon /
van den Hurk and . _
Viterbo (2003) Revised snow density New satellite-based Energy / Water cycles
Global Soil Texture (FAO) Liquid water reservoir Leaf-Area-Index at the surface (GEOLAND-2
New h li ' Revision of Albedo
ew hydraulic properties and sub-grid Snow _ based & GMES funded)
: I . ® SOIL Evaporation
Variable Infiltration capacity & cover

surface runoff revision Calvet et al. (1998)

Jarlan et al (2007)
Boussetta et al. (2010,
Boussetta et al. 2012)

——
; Uptake]

Balsamo et al. (2011),

Albergel et al. (2012)
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Land surface data assimilation status

1999 2004 20102011
Ol screen level analysis Revised snow analysis Optimum Interpolation (Ol) snow analysis
Douville et al. (2000) Drusch et al. (2004) Pl-'e-process!ng NESDIS data
Mahfouf et al. (2000) Cressman snow depth analysis High resolution NESDIS data (4km)

Soil moisture 1D Ol analysis using SYNOP data improved %€ Fosnayetal. 2012

based on Temperature and by using NOAA / NSEDIS Snow

relative humidity analysis cover extend data (24km) SEKEF Soil Moisture analysis

Simplified Extended Kalman Filter
Drusch et al. GRL (2009)
de Rosnay et al (2012)

Use of satellite data

METOP-ASCAT ~ SMOS
de Rosnay et al., 2011 Sabater et al., 2011
SYNOP Data NOAA/NESDIS IMS

Validation activities
Albergel et al. 2011, 2012, 2013
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A revised snow scheme:
simulation of forest and open area snow

(Dutra et al. 2010, JHM) ® NEW SNOW
a Snow mass Dutra et al. (2010)
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The key elements of the new snow schemes are in the

treatment of snow density (including the capacity to hold

liquid water content in the snowpack). The SNOWMIP 1&2
projects with their observational sites have been essential
for the calibration/validation of the new scheme.
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Satellite-based LAl monthly climatology

Total LAI [m2 m-2] -Cperational

BT

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

MODIS LAI (Boussetta et al., 2011, IJRS, Myneni et al., 2002)
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Land Carbon & Forest uptake (CTESSEL)

Boussetta et al. (2013, JGR) and ECMWF TM 675

Average 10 days forecasted NEE from the 1st of June 2011 [micro moles / m2 /s ]

60°N

30°N

15 ; : 3

::%E B %%E;EEEEE 4 Example of NEE
= ot : 3 (micro moles /m?/s)
S eF 7 predicted over the
E 2: E Fi-Hyy by
£ 3F g 7 CTESSEL
s 1 (black line)
1 and CASA

:E ; | | | . | |; (green-line)

0 60

90 180 270 3
Time (Julian day)

Forest Processes, Edinburgh, 19-6-2013, G. Balsamo

Example of Average 10 days forecast
NEE (natural CO2 exchange) from
the 1st of June 2011 extracted from
the pre operational run (e-suites)
[micromoles/m2/s] —

Operational from November 2011

GEOLAND-2 R&D support

® Land Natural CO,

land carbon uptake

Calvet et al. (1998)

Jarlan et al (2007)
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Motivation: a sizeable fraction of land surface has sub-grid lakes

LAKE COVER FRACTION

-150

012345678

% lake cover
All

Land

Lake modelling activity (FLAKE)

E. Dutra, V. Stepaneko, P. Viterbo, P. Miranda, G. Balsamo, 2010 BER

NP° Points 0.05< Clake<0.5
Canada 309/754
41%
USA 175/482
36%
Europe 170/385
44%
Siberia 104/467
22%
Amazon 81/629
13%
Africa 74/584
13%
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Impact of lakes in NWP

Balsamo et al. (2012, TELLUS-A) and ECMWF TM 648

» ® Forecasts sensitivity and impact is shown to
produce a spring-cooling on lake areas with
benefit on the temperatures | ¢ F ke

forecasts (day) at 2m. 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
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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).
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Realism of lake simulations (site validation)

Measured water temperature and thermocline depth Modeled water temperature and mixing layer depth

1 1
05l ] 05l { @ Over a lake specialized
site observations can be
——— - 0 compared with FLake
g (Mironov et al. 2010)
05 05f model output as provided
W by the LAKEHTESSEL
- s - T model version (foreseen
g 15 ;a’ 15b for 2012)
° s S| ® Collaboration with Annika
Nordbo (U. Helsinki), Ivan
55| 55| Mammarella (U. Helsinki)
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Courtesy of Annika Nordbo et al.

The Finnish observing sites have been very

important to evaluate the possibility of

simulating subgrid-lakes and were made

available in a scientific collaboration

(FMI/U Helsinki
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Lakes surface temperature (global validation)
Balsamo et al. (2012, TELLUS-A) and TM 648

SST Lake 2001-2008

40 P ® FLAKE Lake surface temperature is
Model mean = 15.3819 °C e verified against the MODIS LST
- Modis mean = 15.0262 °C % product (from GSFC/NASA )
30 ® Good correlation
R=0.98
® Reduced bias
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Can we simulate Forest and Lakes contrasts?

Andrea Manrique-Sunen et al (2013, JHM)
Meteorological forcing: ERA-Interim reanalysis

Model was run for the year
2006, doing 3 iterations

LAKEHTESSEL HTESSEL

Lake: Full coverage of inland water Forest: Full coverage of high vegetation

Lake depth =4 m N ) Vegetation type: Evergreen needleleaf trees
Water extinction coefficient =3 m Soil type: Medium texture

Energy balance in the surface R, +SH +LE =G
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Observational sites (forest/lake) in Finland

Hyytiala forest (SME

(61°51'N, 24°17°E, 179 m aws.)
R e s L

Trees: Scot
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‘Valkea-Kotinen lake

(61°14°N, 25703’ 156 maisil) ' -
Area =0.041 km? it

e N

Observational data available:

Nordbo et.al. 201

Validation data: .
Forcing data:

*SH, LE (Eddy covariance technique) «SW/LW downward radiation

*Net radiation
*Surface pressure

* Ground heat flux/lake heat storage «Specific humidity

Forest: soil T, soil moisture, snow depth... .
P *Wind speed

Lake: Water T at 13 depths, ice cover duration...

*Rainfall, snowfall,

*T, wind ...

Forest Processes, Edinburgh, 19-6-2013, G. Balsamo
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Energy fluxes: Seasonal cycles

Seasonal cycle of 10 day averages of energy fluxes

Net radiation

Lake: Model
overestimates
the evaporation
in summer by
~50 W m
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Ground Heat Flux/Lake heat storage

Sensible Heat Flux

Lake: Energy is
stored from May to
August and released
in autumn.

— HTESSEL
— LAKEHTESSEL
- = forest obs
- = lake obs

Forest: Upward SH
flux in summer

The timing of the lake’s energy cycles is influenced by the ice cover break up, and it is delayed by

14 days in the model

Main difference between both sites is found in the energy partitioning into SH and G

Forest Processes, Edinburgh, 19-6-2013, G. Balsamo
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Energy fluxes: Diurnal cycles

Monthly diurnal cycle of energy fluxes for July
Nlet raFIiatioln
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Main difference between both sites is found in the energy
partitioning into SH and G

Very good
representation
by the model of
diurnal cycles
and
particularities of
each surface

— HTESSEL
— LAKEHTESSEL
- = forest obs
- = lake obs

Lake SH
maximum is at
night

Forest SH
maximum is at
midday
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Outstanding issues with forests and T2m

(i) tile with snow under vegetation and (ii) tile with exposed snow
Lowest model level

Independent
aerodynamic
coupling for T-profile from
different tiles MO similarity

2m level for post-processing

Snow layer
Soil layer 1
Soil layer 2

Soil layer 3
Soil layer 4

Even if the forest is dominant, the During day time, the forest heats the
vertical interpolation to the 2m level atmosphere. At sunset exposed snow tile

is done for the exposed snow tile becomes very stable cutting off turbulent

(SYNOP stations are always in a exchange. Therefore snow temperature and T2

clearing). drop too much. In reality forest generated

Forest ProcesseS, Ed|nburgh, 19-6-2013, G. Balsamo thbUlence Wi” maintain thbUlent eXChange over

the clearing and prevent extreme cooling.



Temperature (K)

Sensible heat flux (W/m2)
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Tiles temperature split in HTESSEL

Averaged diurnal cycle (April 2013): Tile averaged temperatures
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Averaged diurnal cycle (April 2013): Tiled skin temperatures
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Tile 6: High vegetation

Tile 7: High vegetation + snow
Tile 8: Bare soil

The heat flux towards the
exposed snow is nearly zero!
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Spring temperature biases over Scandinavia

bias, stdewv (K}

. ECMWF T2M forecast, Finland [WMO# 2700-3000]
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Summary & Outlook

The ECMWF land surface scheme
*Uses the tiling concept to represent sub-grid land variability including
forest and forest+snow tiles, and a lake dedicated tile (cy40r1)
*Benefits of the tiling
*Each tile has its process description (no ad-hoc or effective parameters)
*Shortcomings of the tiling
*No surface boundary layer mixing (blending height hypothesis)
*Too strong decoupling of snow surface (2m temperature forest bias)
*Single soil layer underneath
Outlook
*The enhanced representation of surface tiles (more tiles and better vertical
discretisation in the canopy-soil & lakes) + introduction of a SBL scheme
are foreseeable developments with NWP relevance

References

Available at: http://www.ecmwf.int/staff/gianpaolo balsamo/
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Land surface model status in 36R4 (as in S4)

An ECMWF Newsletter article in Spring 2011 issue (N127) documents Operational developments since the ERA-Interim land surface scheme

ECMWF Mawslatter Mo, 127 — Spring 2011

METEOROLOGY

Evolution of land-surface processes in the IFS

GIANPAOLO BALSAND, SOUHAIL BOUSSETTA,
BEVIANUEL DUTRA, ANTON BELJAARS,
PEDRO VITERBD, BART VAN DEN HURK

MA|O3 UPGRADES have been implemented over the last
faw yaars in the soil hydralogy, snow and vegatation compo-
rients of the ECMWF land-surface parametrization. Compared
to the scheme usad in CRA-Intarim and CRA-40 reanalyses,
the curent medel has an improved match to sl maisture
and snow fiald-site observations with a baneficial impact
on the forecasts of surface energy and water fluxes and
near-sarface temperature and humidity. This is verified by
conventional synoptic observations and by dedicated flux-
tower sites for foracasts ranging from daily to sazsanal. The
gainr hydrological consistency 15 also of arucial Importan ce
for data assimilation of land-surface satellite observations
in water sensitive channels. Tha scheme descrbad here,
currertly used for daily medium-range forecasts, will be
adopted by the new Seasonal Forecasting Syvstem and
included in future reanalysss.

A briet description of the main hydrological componants
of the land-surface model with selected validation results
will now be presentad followad by an outlook for future
rasearch activities.

Development of the land-surface model

In recent years tha land-surfaca modelling at ECRAWF has
bazn extensivaly ravited An improved il dralogy
(Balsamo et al,, 2007), a rew snow scheme (Cutra et dl.,
2010) and a multi-year satellite-basad vegetation dimatol-
oqgy (oussetta et af, 2011) hava bean included in the
operational Inteqrated Forezasting Systam (IFS). "hese have
had a positive impact on bath the global hydrological water
cycleznd near-surface tempzraturas compared tothe TESSEL
(Tiled CCMWT Scheme for Surface Crchanges over Land)
schama which was used in the ECMWFS ERA-40 and
ERA-Irtarim reanalyses.

In particular the soil hydrology affactad the quality of
seasonal predictions during extreme events associated with
sail rroisture-pracipitatior feedback as in the European
summer heat-wave in 2000 (Weisheimer et al,, 20110, The
new snow schemsa HTIFII'GVEU the tharmal enerdgy ex(nangg
at the surface with a substantial reduction of near-surface
tamparature emrors in snew-dominatad araas (i.e. northarn
territories of Eurasia and Canada).

More recently, the introcuction of amonthly dimatelogy
for wegatation Leaf Area Index (LAI) to replace the fixed
maximurn LAl has shown a reduction of near-surface tamper-
ature amors in the tropical and rid-latitude areas, particulary
evident in spring and summer. At the same time the bare
ground evaporation has bzan enhanced over Jeserts by
adoptng a lewer strassthresheld than for vegetation. This

iz in agreemant with experimental findings (2.9 Mahfouf
S Nedhan, 19913 and resultsin a more realistic soil moisture
for drydands.

The participation inintemational projects such a GLAZEZ
(Globa Land-Atmosphere Coupling Expaeriment-2) and
ARMA (African Monsoon Multidisciplinary Analysis), in
which the ECRWF modal was coupled with a raalistic sat
of soil moistura figlds, have improved the understanding
of the mechanisms and areas of strong coupling between
tha land surface and the atmosphara.

The land-surface components

TESSEL a5 documented by van den Huwk et al. (2200) and
Viterbo & Beljaars (1995) is the backbone of the curent
operational land-surface schame at ECRWF. Itincludes up
to sl land-surtace tiles {Dare ground, low and hign vagata-
tion, intercepted water, and shaded and exposed snow)
which can co-axist under the same atmospheric grid-bax.
Recent revisions of the soil znd snow hydrology aswell as
wegetation charactenistics ar2 illustrated in Figure 1

Soil hydrology

Aravised soil hiydrology in TESSEL was investigated by van
den Huk & Virerba {2002) for tha Baltic basin. Thase madal
davelopmants were a response to known weakiesses of
tha TESSEL hydrology: spacifically tha choice of a single
glokal soil texture, which does not characterize different
soil meistura ragimas, anc an infiltration-axcess runaff
srheme which prodicas hardy amy surfars rinaff. Thersfars,
arevised formulation of the seil hydmological corductivity
and difusivity (spatially variable according to a global scil
taxture map) and surface mnoff (basad on the variable
infiltratizn capadty approach ) were intreduced in IFS Cy22r3
in Movanber 2007, Balsamo et af. {2009 verified the impact.
of HTESSEL from fiald site to global atmospheric coupled
experiments and in data assimilation.

Snow hydrology

Afully i2vised snow schame has baen introduced in 2009
to improve the existing scheme based on Dowsille ef .
(1995). Tha snow density farmulation was changad and
a liquic water storage in the snow-pack was intoducad,
which also allows tha II'ILQI'(EPU onof ranfall. Un the radia-
tive side, the snow albedo and the snow cover fraction
have bzan ravised and the forest albado in presenca of
sniow hias been retuned basad on MODIS satellite estimates.
A detailed description of the new snow schena and a
verification from field site experiments to global offline
simulations is presented in Dutra et al. (2010). The results
showed animproved evolution of the simulated snow-pack
with pesitive effects on the iming of unoff and e mastrial
watar storage wariation and a batter match of tha albedo
to satellite products.

17

TESSEL (June 2000y

Wan den Hurk et al (2000)

Viterbo & Beljoars (1995}, Viterbo et al. (1090)
« Up to 8 tiles (binary Land-5ea mask)

« GLOC vegetation (BATS-like)

- ERA-40 and ERA-Interim scheme

Land surface tiles in ERA-40/ERA-Interim surface schema

snow on
high interception ground & low
vegetation resErvoir vegetation
L low L bare l snow under
wegetation ground high vegetation

Hydrology TESSEL (Novembser 2007)
Baisamo etal (2009)

van den Hurk & Viterbo (2003)

» Global Soil Texture (FACH

« New hydraulic properties
- Variable infiltration capacity and surface run-off revision

Fine texture Coarsa texture
("' !"'
o e
D, < D,

New Leaf Area Index (November 2010}

Boussetta etal (2011)
« New satellite-based Leaf Area Index

New snow (March and September 2003)
Dutra etal. (2010

+ Revised snow density
« Liquid water resarvaoir
+ Revision of albedo and sub-grid snow cover

Soll Evaporation (Nowember 2010)

Based on Mahfouf & Noilhan (1991)
E 1
U
2= Bare soil
ig
o= Vegetation
3
33
= 0 T
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Revised soil, snow, and vegetation components of the IFS model are summarized (based on 3-supporting publications) in a
ECMWEF news item. This model version is adopted by the new seasonal forecasting

&
system (System-4)




METEOROLOGY

Soil Moisture Analysis Status

ECMWE Mawslatter Mo, 127 - Spring 2011

Extended Kalman Filter soil-moisture analysis

in the IFS

PATRICLA DE ROSNAY, MATTHIAS ORUSCH,
_ GIANPAOLOBALSAMO,
CLEMENT ALBERGEL, LARS ISAKSEN

A NEW soil moisture analysis scheme based on a pant-wise
Extended Kalman Filter (EKF) was implemantad at zChWF
with cyce 3ér4 of the Integrated Foracasting System (IFS)
in Novenbar 2010. The EKF sail maistura analysis iplaces
the prevous Optimum Interpalation (O1) scheme, which
was used in operations from July 1999 (IFS cycla 21r2) ta
Movember 2010, In continuity with the previous system it
1sas 2-metre air temperatire and relativa humidity
observations to analysa soil raisture. Tha computng cost
of the EKF soil maoistura analysis is significantly higher than
that of the O schame. 5o, as part of the EKF soil meisture
analysis implementation, a naw surface analysis sructure
was implamentad in Septamiber 2009 (cycle 35r3) 0 mowve
the surface analysis out of the time critical path.

Tha main justifications for implemanting tha KF sail
moisture analysis ara as follows.
# In contrast to the Ol schemz, which uses fixed calibrated
coefficients to dascribe the relationship batween an
observation and model soil moisture, the EKF soil moisture
increments result from dynamical estimates that quantify
accunately the physical relationship betw2en an
observation and sail maistire,
ThaEKF schemeis flaxible tocope with the currentincraase
in madel complaxity. In particular, changesin the IFS and
in the land-surface modal H-TESSEL (Hydrolegy Tiled
ECMWF Schems for Surface Exchanges over Lznd) are
accountad for in the analysis increments computation.
The E<F soil maistura analysis makes it possible to use
50il mwisture data from satellites and to cornbine different
saurces of infarmation {i.e. activa and passive microwave
satellize data, and conventional observations).
It conviders the observatior and medel emors during the
analyss in a statistically optimal way and allows assimilation
af abzervations at thair corect observation timas.
The implamentation and evaluation of the EKF scil moisture
analysls Is described In this aricle. An overvew Is given of
@ sat of crne-year analysis axperiments conducted 0 assass
the performance of the EKF. Thase experiments led to the
implamentaticn of the EKF in Mavember 2010 using screen-
lavel parameters ta analyse <oil moisture. The impact of
ASCAT (Advanced SCATterometer) data assimilation is alsa
briefly presented to investigae the possibility to combine
conventianal observations and satellite data for the soil
moisture analysis.

.
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Sources of data

The ECMWF cperational soil moisture analysis system is
based on analysed scraan-level variablas (2-matre tempara-
tura and relative humidity). Inthe absenca of a nzar-real
time global netwark for providing soil meisture informaticn,
using screen-level data is the only source of information
that has bean cantinuously ava labla for KWP scil moistura
analysis systems. It provides indirect, but relevant in‘orma-
tion 1o analyse soil moisture.

In tha past fevw yiears several rew space-bome microwave
sensors heve been developad that measure soil maisture.
They provide spatially integraled information on surface
<nil maisturs at & seale ralavant for WP mnrels
# The acthe sensor ASCAT on MetOp was launched ir 2006,
Tha EUMETSAT ASCAT surfaca soil moisture product is
the firs1 operational seil moisture product. It is awilable
in rearraal tima on EUMETCAST and it has been moni-
torad cparationally at ECMWF sinca Septamber 2009,
ESa's SIMOS (Soil Moisture ind Ocean Salinity) mission
was launched in 2009, Based on L-band passive micro-
wave maasuraments, SMOS E the first mission decicatad
to providing informiation abaout soil moisture
# The future NASA SMAP (Soil Moisture Active and Passive)

missiaon, planad to be launched in 2015, will b a sail

moisture mission that combines active and passive micro-

wava measuraments to provde global scil moisture and

freeze/thaw state.
ECMWF pays a major role in developing and irvestijating
the use of new satallita data for soil moisture analyzis. For
example, tha EUMETSAT ASCAT soil maisture product has
been monitored operationally @t ECKWWF since Septamber
2009 and SMOS brightnass temperature product has baen
monitored in near-real time since November 2010

ity feeivve, eI, DuuctsTolecas b ks haits

monito Hg/satallite/simoist/ascat’

hittp://mwmstest.acrw.int/procucts forecasts/d/charts’

‘monito g satellita’'smos
Implarmentation of SMOS data maonitoring at ECMWE is
described in an accompanying paper by MuRoz Sobater o
al. in this edition of the ECMWF Newsletter (pages 23-27).

The ECMWF land-surface analysis system

Thia ECMWF land-surfaca andysisincludes tha andysis of snaw
depth, scieen-level paramaters (2-metre temperatu-e and
ralativa humidity) as well & soil moisture and soil temperature.
Itis parfornad independaritty fiom the 4D-Var atmospharic
analysis. The upper-air andysis and the land-surface analysis
a2 used together as initid conditions for the forcast. In turn,
the model-predicted fields provide the first quess and initial
ond itions of tha next land-surfacz and uppar-air analysi; cycle.

-

METEOROLOGY

Tests of the EKF soil moisture analysis

Experimental st up

In preparation for implementing the EKF soil moisture analy-

sis  thrae analysis axperiments were conducted at T255

resolution over a one-year period (Decambar 2008 to

30 Nowember 2009

+ “0l" experiment. Tha Ol soil moisture analysis uses the
incraments of tha screan-evel parameters analysis as
input. It represents the operatianal soil moisture analysis
configuration that was used in operations at ECMWF
from July 1399 to November 2010,

+ EKF experiment. This uses the dynamical EKF soil miisture

analysis, in wihich the analysis of screan-level parameters

is used as proxy information for soil moistura,

“EKF+ASCAT” experiment. This was conducted for the

33me one-year period using the EKF in which the analysis

of screen-level paramatars is used together with the

ASCAT sail moisture data.

In this “EKF+ASCAT' experimant, ASCAT soil moisture datais

matched to the ECRMWF IFS model soil moisture using a

Cumulative Distribution Function (CDF) matching s

described in Scipal et af. (2008). Afirst demanstration of the

impact of using anudging scheme has alraady bean performed
by Scipal eral, {2008). They showed, howsaver, that compared
ta the Ol system, using scatteromatar data dightly degraded
the forecast scoras, They racommendad using ASCAT data

in an EKF analysis to account for observation emors and 1o

combine ASCAT data with screan-level proxy information.

Thisis investigated in the ‘EKF+ASCAT" experiment.

MNote that:

# The*Ol"and ‘EKF experiments only differ in the method
used for the sail moisture analysis. Observations used
for the analysis are identical

# The ‘EKF' and "EKF+ASCAT' experiments use the same
EKF scheme, but satellite data is used in addition to
«conventional data in the "EKF+ASCAT” experiment.

One manith of spin-up is considersd for the first month of

tha experiment, so results presented here focus on the

pericd [anuary to November 2009

-

Comparing the *OI" and "EKF’' experiments

Figure 1 shaws monthly accumulated soil moisture incre-
mients for the first metra of soil far Juky 2009 for the Of and
EKF experimants, and thair differenca . Spatial pattarns of
soil moistura incraments are quite similar forthe O and EKF
schemes. For both the Of and the EKF the sail moisture
increments are generally positive in most areas, Hawewver,
negative incremants are found in Argentina, Alaska and
Morth East of America. Thase results mainly show that the
EKF scil misture analysis generally raducas the soil moisture
analysis increments compared to the Of schame.

Figurz 2 shows the annual cycle of the global mean scil
micisturs incramants for the O and EKF axperimants. |t can
be szan that the sail moistura increments of the Ol scheme
systematically add water to the 50il. The global monthly mean
vaueofthe O analysis incremantsis 5.5 mm, which raprasants
asubstantial and unrealistic contribution to the global water
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Figura 1 Monthly soil moistura increments (mmj within the top
soil metra ot zone (in mmi during July 2000 produced by i) OI
scheme and (b) EKF scheme. {c) Difference bastween EKF and OI
schemes
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Figure 2 Temporal evelution of soil moisture increments in the first

metrs of sl (global mesn valus) in mm of watsr per month from
January to Novernber 2009, produced by the 01 and EKF schemes.
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ycle. In contrast tha EKF global mean soil maisture analysis
increments are much smaller, representing globd monthly
mean incremants of 0.5 mm. The reduction of incraments
between the EKF and the Ol is mainly due to the reduction
in increments below the first layer. The Ol increments
computed for the first layer are amplified for deeper layers
in propartion to the layer thickness, explaining the over-
estimation of Ol increments. In contrast the EKF dynamical
estimates, based on perturbed simulations, allow the
optimizing of scil meisture increments at different depths to
match screan-level observations according to the strangth
of thelocd and current soilvegetation-atmospher coupling.
TheEKF accounts for additiond cantrols due to meteorologicd
forcing and soil moisture conditions. Thersby it pravents
undesirable and excesdve soil moisture comactions.
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Figure 3 Carralation, i minus model) and

squars (RIS error of ECMVWF srface soil moisture analysis of layer

1forthe 12 soil maisture stations in the SMOSMANIA fsoil moisture

observing system — metsorological sutomatic network integrated

application) netwark in Sauthwest France in 2000, for the 01, EKF

and EFF -+ ASCAT configurations of the sail moisture analysis.

An ECMWF Newsletter article in the Spring 2011 issue (N127) documents Operational developments on the Soil Moisture Analysis at ECMWF
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Comparing "OI', 'EKF’ and EKF+ASCAT' experiments
Figure 3 shows the impact of the scil moisture analysis
scheme on analysed soil moisture of the first soil layer
(0-7crn) for all three experiments. Evaluation is conducted
for 2009 against the 12 SMOSMANIA ground stations of
the operational soil moisture network of Météo-France
(Cakvet et al., 2007). It shows that ECMWF soil maisture is
generally in good agreement with ground cbservations,
with mean correlations higher than 0.78

Using the EKF instead of the Ol scheme improves signifi-
cantly the soil moisture analysis, lsading to a remarkable
agresment between ECMWF scil moisture and ground truth
(mean comalation higher than 0.84 for EKF and EKF+ASCAT).
The bias and root-meart-squara error ara alsnimproved with
the EKF compared to the Of schame. Cna may note that a
strong negative bias is indicated for all schamas for one
station, indicating that the analysis overestimatas soll mois-
ture cantant. This systematic differancein terms of volumatric
s0il moistura contant is related to soil texture issuas in this
area for which tha local ground data is not represantative
of the ECWMWF modal soil texture.

Rasults obtainad from the EKF+ASCAT exparimant show
that using ASCAT doas nat improve the performanca of the
300l moisture analysis. In the axperiment whare ASCAT data
is assimilated, soil moisture data has been re-scaled to the
model soil moisture using a COF matching, as dascribed in
Scipal et al. (2008}, The matching corrects observation bias
and variance. 5o, in the data assimilation scheme only the
observed ASCAT soil moistura variability is assimilated.

In Figure 3, the impact of ASCAT data assimilation might
be limited by both the quality of the current ASCAT prod-
urtand the COF -matching approach used in the assimilation
schema. EUMETSAT recently revisad the processing of the
ASCAT soil moisture preduct to reduca tha ASCAT product
noise lavel. Test conductad with the new product proto-
type (not shown ) considerably improved tha usaga of the
ASCAT soil moisture data, Puture expariments using an
improved COF-matching, with H-TESSEL corrected from
pracipitation errors, and improved data quality are axpacted
toimprove theimpact of using ASCAT soil maisturzin the
data assimilation.

Impact on first guess and forecasts
Figure 4 shows the global impact of the EKF on the 2-metre
tem paratura first guass that entars the analysis. The EKF soil
moisture analysis scheme slightly improves the 2-metre
temparatura scoras by consistently raducing the bias of the
first-guass

Figure &is an evaluation of the 48-hour forecast of 2-matre
termperature (at 0000 UTC) for the African continant. It shows
that the EKF reduces the night tima cold bias compared to
tha Ol schame. Also the specific humidity (not shown)
generally indicates drier conditions with the EKF than the Ol
scheme. Note that the ASCAT soil moisture data does not
impact on screen-aval variables and it has only a slight impact
on sail moisture analysis as shawn in Figure 3.

Figure 6 shows the monthly mean impact of the EKF
301l moistura analysis on the 48-hour forecast of 2-matre

The Extended Kalman Filter Soil Moisture Analysis greatly improves the hydrological consistency across assimilation cycles
reducing soil moisture increments and is improving the Day-2 weather forecasts for 2m temperature in summer.

Forest Processes, Edinburgh, 19-6-2013, G. Balsamo




A revised soil hydrology
(Balsamo et al. 2009, JHM)
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Long record observations at BERMS-
Canadian site have crucial to assess the
hydrological performance of the new scheme

> ECMWF

Forest Processes, Edinburgh, 19-6-2013, G. Balsamo



Forecasts sensitivity and impact

a Winter sensitivity b summer sensitivity
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® The revised soil/snow scheme introduce additive improvements
respectively in summer/winter seasons forecasts of 2m temperatures

a Winter impact b summerimpact
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Forecasts sensitivity and impact to land

Sensitivity of a set of T2m Day-2 forecasts in winter 2008 (DJF) and Summer 2008 (JJA)
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Forecast Impact (Mean Absolute Error reduction of the T2m Day-2 forecast error)

a Winter impact b summer impact
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The revisa ! and surizzz cherazia 5364 s orfﬁa*e i¢ the iand surface model version (CY31R2 LSM used in ERA-Interim) for
er forecasts of 2m temperature showing an improvement also in Day-2 range

its sensitivity and impact on the short-term weat




Land-related improvements in climate runs

Hindcast (13-months integrations with specified daily SSTs). Here shown the evolution of the annual mean T2m errors compared to analysis
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The revised iand sutiace scrieme in CY361R4 Q) is cbmp;red to the land surface model version (a, CY31R2 LSM used in ERA-
Interim) for its impact on long-range forecasts of 2m temperature showing an improvement on annual mean 2m temperature




