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Introduction: Land Surface Modelling

* In Numerical Weather Prediction (NWP) systems, Land Surface Models
(LSMs) represent the lowest boundary conditions and the surface branch
of the continental hydrological cycle

» Land Surface Models much improved in the past decade:

- Multi-layer vertical soil hydrology,
Hyﬂmfagfcﬂcrﬂe

texture, drainage, runoff,
- Snow parameterization (depth,

density, albedo), L
- Vegetation parameters (e.g. LAI), 7 | e

- Heterogeneities, sub-grid scale [rrcsn
parameterizations, . mlm
- Lake temperature, e T
- Carbon cycle, link with surface fluxes,
- Urban areas, ... —_— e

Units. Thousand cubic km bor slorage, and Bousand Iur exChanges.

Trenberth et al. (2007)

127 .
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Introduction: Land Surface Modelling

- Land Surface Models prognostic variables include :
- Soil Moisture } VULt | L LSM
. ulti-layer in mos S a)
) SOII Temperature . Schematics of the land surface
- Snow mass, temperature, density, albedo iercpion round& ow

vegetation reservoir  vegetation
l low l bare i snow under
P
ra

high vegetation
ra rﬂ
s

vegetation

« Land surface initialization: Important for NWP and
Seasonal Prediction (Beljaars et al., Mon. Wea. Rev,
1996, Koster et al., 2004 & 2011) C

ECMWF LSM: H-TESSEL
4 soil layers / 12 prognostic variables
Balsamo et al., JHM 2009
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The ECMWEF Integrated Forecasting System (IFS)
data assimilation system

From L. Isaksen's training courses

Time
Observations Observations Observations
l - Forecast l - Forecast l - Forecast
Analysis » Analysis » Analysis

\ _ (10-day)
Medium-range forecast -

Data Assimilation System: ® The observations are used to correct errors in the short

Provides best possible forecast from the previous analysis time.

accuracy of initial conditions ® Every 12 hours we assimilate 11 to 13,000,000

to the forecast model observations to correct the 80,000,000 variables that define
the model’s virtual atmosphere.

Analysis: ® This is done by a careful 4-dimensional interpolation in

- 4D-Var for atmosphere space and time of the available observations; this operation

- Surface analysis takes as much computer power as the 10-day forecast.

) e
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Introduction: Land Surface analysis

Land surface initialization: snow depth, soil moisture, snow and soil temperature
> Snow depth analysis
- Approaches: Cressman (DWD, ECMWF ERA-I), 2D Optimal Interpolation
(ECMWEF, CMC, JMA)
- Observations: SYNOP snow depth and NOAA/NESDIS Snow Cover (ECMWEF)
> Soil Moisture analysis
- Approaches:
-1D Optimal Interpolation (Météo-France, CMC, ALADIN and HIRLAM)
- Analytical nudging approach (BoM)
- Simplified Extended Kalman Filter (DWD, ECMWF, UKMO)
- Offline LSM using analysed atmospheric forcing (NCEP: GLDAS / NLDAS)
- Conventional observations: SYNOP data of 2m air relative humidity and air
temperature ; Dedicated 2D Ol screen level parameters analysis
- Satellite data : ASCAT soil moisture (UKMO)
Soil Temperature and Snow temperature also analysed

- 1D Ol for the first layer of soil and snow temperature (ECMWF, Météo-Franagm,
ECMWF



Outline

e Introduction

e Snow analysis

« Soil moisture analysis

« Summary and future plans
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Snow Analysis

Snow Model:
- Snow depth S (m) (diagnostic)
- Snow water equivalent SWE (m), ie snow mass
- Snow Density p_, between 100 and 400 kg/m? }

_S.P
(Dutra et al., JHM, 2010) S WE= 100(‘; [m]

Prog_nostic
variables

Observations types used:
- Conventional snow depth data:
SYNOP and National networks
- Snow cover extent:
NOAA NESDIS/IMS daily product (4km)

(Drusch et al. JAM, 2004)
(de Rosnay et al. Res. Mem. 2010, 2011)

Data Assimilation Approaches:
- Cressman Interpolation in ERA-I
- Optimal Interpolation in Oper (from IFS cycle 36r4)

(de Rosnay et al, SG 2013)
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NOAA/NESDIS IMS Snow extent data

Interactive Multisensor Snow and Ice Mapping System
- Time sequenced imagery from geostationary satellites
- AVHRR,

- SSM/I

- Station data

Northern Hemisphere product
- Dalily
- Polar stereographic projection

Resolution
- 24 km product (1024 x 1024)
- 4 km product (6044 x 6044)

Information content: Show/Snow free
Format:

- 24km product in Grib
- 4 km product in Ascii

=00
- ice

More information at: http://nsidc.org/data/g02156.html PN
ECMWF S



Use of SYNOP and National Network data

SYNOP 2013 01 23 at 06 UTC National show data

National networks data:
- GTS: Sweden (>300), Romania(78), The Netherlands (33), Denmark (43), Norway (183)
- FTP: Hungary (61)

v
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Use of SYNOP data

-Not much SYNOP reports in North America,
particularly in the US

- Would be valuable to have more snow depth data
on the GTS (Global Telecommunication System)

cm (1) 20130101 at 12UTC; Step 0.

SNOW Depth and SYNOP data in
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Snow Analysis at ECMWF

Pre-Processing:
- SYNORP reports converted into BUFR files.
- IMS converted to BUFR (and orography added)
- SYN())P BUFR data is put into the ODB (Observation Data
ase

SnOW dep’[h anaIYSiS in tWO S’[epS (Drusch et al., J. Appl. Meteo. 2004)
1- NESDIS IMS data (once per day):

NESPISNIREN [ECMIEEEIE errors:

Snow X B&: 10cm BG
No Show DA DA OBS

2- Snow depth analysis at 00, 06, 12, 18 UTC :
- Cressman interpolation: Operations: 1987-2010
Still used in ERA-Interim

- Optimal Interpolation (Ol): Operational since
November 2010

(de Rosnay et al; SG 2013)
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Validation data: NWS/COOP

- NWS Cooperative Observer Program
- Independent data relevant for validation

- Used to validate a set of numerical experiments considering
different assimilation approaches and IMS snow cover

Numerical ]
Experiments Bias (cm) R RMSE (cm)
Cressman, IMS 24 km 1.1 0.66 18.0
Ol, IMS 4km <1500m -1.5 0.74 10.1

Validation against ground data
- Main improvement due to the Ol compared to Cressman
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Validation data: NWS/COOP

- NWS Cooperative Observer Program
- Independent data relevant for validation

- Used to validate a set of numerical experiments considering
different assimilation approaches and IMS snow cover

RMSE (cm) for the new snow analysis
(Ol, IMS 4km except in mountainous areas)

Model-COOP RMSE, Snow Depth, figg. Winter 2010, AN time: 0/6/12/18 (Z)
Mean=10.06 cm (1653pts)
120°W 1 ‘I W i 100° W 0= W




New snow Analysis
in Operations

Old: Cressman
NESDIS 24km

New: Ol
NESDIS 4km

FC impact (East Asia):

Conndence: 90%

Population: 90
0.08

0.06-

0.04+

0.02+

-0.02

-0.04+

b 36r4 esuite

008 ] I ! I ! L 7 ! !

Snow depth (cm) analysis and SYNOP reports on 30 October 2010 at 00 UTC
a 36r2 osuite

95°E 100 105E 110E 1‘15E 120E125E ‘I3OE 135E 14OE 145°E

95E 100°E 105°E 110°E 115°E 120°E 125°E 130°E 135E 140°E  145°E

I
1 2 S 10 15 20 50 100 150 4000

RMSE forecast (Old-New)
500 hPa geopotential height
in East Asia

(de Rosnay et al; SG 2013)
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Snow depth analysis

Operational Snow Depth

Analysis departure (Observations minus Analysis ) RMS

from 2008 to 2012

Snow depth analysis departure RMS

Major improvement

. in the Operational
Snow Depth analysis
From November 2010

Consistent
. Improvement for the
entire winters

200 I I I [ j I
200720008

— 2008-2009

—_— 2009-2010 Oper -

— 2010-2011 27 January 2010

— 2011-2012 Resolution increase (16km)

150 H RD Experiment: New model & Old analysis
RD Experiment: New model & New analysis 23 February 2010
Fix NESDIS Gealacatien
E - 26 Jamuary 2010 -
7] Fix snew density
— Re-activeiz NESDIS 25 March 2010
= Reset Snew in Denmark
E 100 - —
§ Seplember 2009
% Revised Snow Madel
g B .’.'f ) ]
w1 9 November 2010
Mew Snow Analysis
50

2010-2011 and
2011-2012
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Outline

 Introduction

e Snow analysis

« Soil moisture analysis
* Ol and EKF analyses
» Use of satellite data: ASCAT and SMOS
 Validation activities

« Summary and future plans
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A short history of
soil moisture analysis at ECMWF
» Nudging scheme (1995-1999)  soil moisture increments A® (m3m-3):

A® = AtD Cv(qa_qb

D: nudging coefficient (constant=1.5g/Kg), Dt = 6h, q specific humidity
Uses upper air analysis of specific humidity

Prevents soil moisture drift in summer

» Optimal interpolation 1D Ol (1999-2010)
(Mahfouf, ECMWF News letter 2000,
Douville et al., Mon Wea. Rev. 2000)

A® =a (Ta—Tb)+b (Rha—th)

a and b: optimal coefficients

Ol soil moisture analysis based on a dedicated screen level parameters (T2m Rh2m) analysis

Drusch and Viterbo, Mon. Weath. Rev., 2007 showed that the Ol using screen level variables improves

fluxes but degrades soil moisture - requirement to use future satellite soil moisture data (more direct
SM information)

Drusch et al., GRL, 2009

> Simplified Extended Kalman Filter (EKF), NOV. 2010 s froony ot ot o 2018

s
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Simplifed EKF soil moisture analysis

For each grid point, analysed soil moisture state vector x_:
X=X+ K (y-#[x,])

x background soil moisture state vector,
3 non linear observation operator

y observation vector
K Kalman gain matrix, fn of _ _
H (linearsation of #), B and R (covariance matrices

of background and observation errors).

Observations used:
« Operational: Conventional SYNOP observations
(T2m, RH2m)

* Research: Satellite data ASCAT, SMOS

Drusch et al., GRL, 2009
de Rosnay et al., ECMWF News Letter 127, 2011
de Rosnay et al., QJRMS in press, 2013

Simplified EKF corrects the
trajectory of the
Land Surface Model

el

Land surface tiles in ERA40 surface scheme

snow on
reservoir . Vegetation snow under
vegetation ground high vegetation

s
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Simplified EKF and Ol comparison
0-1m SO|I M0|sture mcrements for July 2009 (mm) IEKFI-10]]

—.-—-——-""‘""‘""_'_",1 200-70 20 -0 -5 05 0 05 5 0 20 FO 200
Loy EK F Global Soil Moisture Increments (1st meter of soil)
1T T T 1T 7T 1T T 1T T

— 0]

.—...-—-—"""'"‘""_'_",1 250-100-50 -20 <10 -5 0 5 10 2 S0 100 250

mm of water per Month

1 1 | 1 1 | I | | 1 | 1 | 1
J F M A M ] J A 5 0 N

-Two 1-year analysis experiments using the Ol and the EKF

- Reduced increment with the EKF compared to the Ol

- EKF accounts for (non-linear) control on the soil moisture increments (meteorological
forcing and soil moisture conditions)

- EKF prevents undesirable and excessive soil moisture corrections

s
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T2m 48-h Forecast Evaluation

Correlation
o o
© ©

210000 |
O L
Z 9000

T2m 48h forecats error (Ol — EKF)

T2m evaluation, Africa, 2-day Forecats

PN @
T T T 1

Maonths 2009

I———— m—— ——
-5 -3 -2 -1 5 02 02 05 1 . 3 3
Deegraded Imipro ed

(de Rosnay et al, QJRMS, in press, 2013)

EKF improves analysis and FC of Soil Moisture and Screen level parameters

EKF enables the use of satellite data for the surface
) e
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SMOS: Soil Moisture and Ocean Salinity

» ESA Earth Explorer mission ; RD developments:

Global assimilation of SMOS brightness temperatures
in the ECMWEF Simplified Extended Kalman Filter

itivity of TB il _ _
Seri.’ﬁitéi’dtr‘é?xx m?’tr(r)rg)o | - Soil moisture from SMOS
- Expect operational in 2014/2015

~ Jacobians - SMOS40XX- eveﬂi"?,."%%? B - FUtU re SMAP (NASA) |n 201 5

+250

oos o1 08 0z 028 [%) 038 [ o 08

160W  140°W  120W  100'W  BO'W  BO'W AW 20°W  0E

-250

8 3 388 4 848 3 3 3
4 4 4 & 4 4 d d 2 2 2 2 2 2 2 2

Averaged soil moisture
product, June 2010 ( m®m3)

(J. Muinoz Sabater et al)

de Rosnay etal ECMWF LDAS Journée ORCHIDEE, 13 May 2013 Slide 21



Microwave emission modelling

- Forward operator: microwave emission model
« ECMWF Community Microwave Emission Modelling Platform (CMEM)
« 1/O interfaces for the Numerical Weather Prediction Community.

http://www.ecmwi.int/research/ESA_projects/SMOS/cmem/cmem_index.html

] >

Also used at CMG, IPSL, CSIRO, | spemwe —_—

GSFC, CN RM, and OtherS Ce ntreS. . ', ey ,-“1 About Us Products Services Research Publications MNews&Events
i i & Overview Forecasts Computing Modelling Newsletters Calendar
# ¥ 0 Getting here Order Data Archive Reanalysis Manuals Employment W
- B Committees Order Software PreplFs Seasonal Library Open Tenders
Cu rrent version 4 1 (May 201 2) Home > Research > ESA Projects > SWMOS> CMEM
L !
CMEM: Community Microwave Emission Modelling Platform
CMEM
Documentation
e CMEM Download
Source code
® |nput/Cutput
. % == Platform source code (top)
L]
References: . ﬁg CMEM (Copyright ® ECMWF) is a Fortran90 software package. It has been tested with pgf9
gfartran and ifc fortran compilers. It includes 47 subrautines and 9880 lines.
Holmes et al., TGRS, 2008 Contact
Drusch et al. JHM, 2009 Download CMEM:
de Rosnay et al- JG R, 2009 When you download CMEM, please keep us informed, by sending us an e-mail (see contact
Sabater et al., IURS, 2011 You will then be added to the CMEM users diffusion list and we will lkeep you informed af ar
modifications, bug reports and new version of the code.
Current version (10 May 2012):
Download CMEM version 4.1 %)
[ <k N >
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SMOS Monitoring

Near real time (NRT) monitoring of SMOS TB at ECMWF

(Munoz Sabater et al. ECMWF Newsletter & IEEE TGRS 2011)
RFI (Radio Frequency Interference) issue in Asia and Eastern Europe

STATISTICS FOR RADIANCES FROM FROM S8MOS
STDV OF FIRST GUESS DEPARTURE (ALL)
DATA PERIOD = 2013-01-20 21 - 2013-02-22 21

EXP = FGAS, CHANNEL =1 (FOVS: 36-45)
: 15.794 .
StDev first guess departure (Obs-Model)

0.086 Max: 117.052 Mean:

o Jan-Feb 2013

Min:

120°E 150°E

e T # —l ans
el ey e
e

150°W  120°W 90w B0 W 20°wW 0°E 20°E B0°E B0°E 120°E 150°E
- |
%y ECMWF S

ECMWF LDAS Journée ORCHIDEE, 13 May 2013
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Active microwave data: ASCAT

Advanced Scatterometer on MetOP (launched in 2006)
Continuity of ERS/SCAT (1-1992; 2-1996)

Active microwave instruments operating at C-band (5.2GHz)

Surface soil moisture index (ms) based on the
TUWien retrieval scheme (wagner et al. 1999)

ASCAT operational EUMETSAT ASCAT Monitoring
SM product

Soil Moisture Monitoring
Dec2011-Jan2012

http://www.ecmwf.int/products/forecasts/d/charts
/monitoring/satellite/slmoist/ascat/

150=W  120°W o0 =W B0 =W 3J0=W o*E 30°E [+d = an=E 120=E 150*E

150°W  120°W o0=W 80°W 30°W o*E 30°E 60°E a0°E 120°E 150°E
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ASCAT Root Zone soil moisture

Production chain based on an
Extended Kalman Filter (EKF) approach

ECMWEF Atmospheric conditions

SYNOP —
T2m RH2m EKF SM-DAS-2:

Soil Moisture |—| Soil Moisture
Analysis Profile

ASCAT CAF |__,
Surface SM

Tha BUMETSAT
QQQQQQ

EUMETSAT H-SAF product SM-DAS-2 (H14) e
L
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ASCAT Root Zone soil moisture SM-DAS-2

70°N
60°N

50°N |~

40°N
30°N
20°N
10°N

10°S

20°S |

30°S

40°s |

50°S

ECMWF VT:Tuesday 4 September 2012 00UTC Surface:
H14 H-SAF CDOP - Copyright © Eumetsat

SM-DAS-2:
- Daily Soil Moisture product valid at 00:00 UTC
- Daily Global coverage

Mabsori of

H-14: Operational H-SAF since July 2012;

hsafcdop@meteoam.it

s
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ASCAT Root Zone soil moisture SM-DAS-2

Available on 4 soil layers

ECMWF VT:Tuesday 4 September 2012 00UTC Surface:
H14 H-SAF CDOP - Copyright © Eumetsat
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40°s |
50°S

ECMWF VT:Tuesday 4 September 2012 00UTC Surface:
H14 H-SAF CDOP - Copyright © Eumetsat
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50'N |~

40°N
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10°S
20°S
30°S
40°s |
50°S

0
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ASCAT Root Zone soil moisture SM-DAS-2

Available on 4 soil layers
ECI\XF VT:-Tuesday 4 September 2012 00UTC Surface: Layer 3 (28-1 00 cm)

H14 H-SAF CDOP - Copyright © Eumetsat
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H14 H-SAF CDOP - Copyright © Eumetsat

h - . 0
ECMWF VT.Tuesday 4 September 2012 00UTC Surface: Laye r 4 (1 -3 m)
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Soil Moisture products: Evaluation

Surface soil moisture

- Within H-SAF evaluation and comparison of H14, ASCAT and SMOS
Validation against more than 200 stations across 4 continents

- SM-DAS-2 |ASCATL2 |SMOS L2

Correlation 0.70

Bias -0.05 -0.07 0.12
(index)
RMSD 0.23 0.25 0.24
(index)
- Global evaluation SM-DAS-2 / ASCAT / SMOS: (Albergel et al., RSE 2012)

SM-DAS-2 best capture soil moisture dynamics,
lowest bias and lowest RMSD

Mabsori of

-Global comparison: crunier et al, H-SAF vS11_02: = @H SAF

http://www.ecmwf.int/research/ EUMETSAT _projects/SAF/HSAF/ecmwif-hsaf/index.html
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SDv
SDv

Evaluation against
situ surface soil moisture

ASCAT
SMOS

SDV

Thian EUBAETSAT
Mabwork of

Sotedite Appicotion
Fociites

Albergel et al, RSE 2012

\
_ LINSITU
L I

0 04 0.8 12 16 2

Soil Moisture
Evaluation

¢ HSAF

Support 1o Operational
wdrclogy and Waber
Manoagemant
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Soil moisture in H-TESSEL

BEVAP_GLD maan soil meisture (August 2010} L BEVAP_NEW mean soil maisiurs (August 2010

T
G.1 0.z G.3 U.4 0.5 0.6

< Soil Moisture (m3m-3)

100°W

TeH (K} [BFVAP_NFEW - BEVAP_OLD] August 20710 {0600 UTC)

— : ©  &Simulated
e~ — o VT ey »  SMOS TB (K)

20

. SM Time series

Tule Valley - Utah

60°N

40°N

20°N

20°S

40°S

60°S

Y

In sity

g
de Rosnay etal ECMWF LDAS Journée ORCHIDEE, 13 May 2013 Y ECMWF e

o
o

[
l
=
>
=z
ol
o
>
w
o
=z

Albergel et al. HESS, 2012



Summary LDAS

» Operational Land Data Assimilation at ECMWF > NWP model initialization
* New snow analysis from November 2010
* Ol, uses ground data and 4km NESDIS/IMS
—> strong positive impact on snow depth and on atmospheric forecasts
 New EKF Soil Moisture analysis : improves SM and screen level analysis and
forecasts; flexible for future developments (soil and snow temperature, + satellite data)

« ASCAT SM monitoring and data assimilation
- New ASCAT soil moisture bias correction
- Importance of pre-processing and noise filtering on DA results
- ASCAT DA experiments using new BC: slight positive impact on FC and SM
« SMOS monitoring, and DA developments (EKF and Bias correction)
« Validation: similar quality of SMOS L2 and ASCAT L2 SSM products;
* SMAP (Soil Moisture Active and Passive) NASA mission to be launched in 2014

ECMWF &



Land Surface Analysis

» Operational NWP

» Objective of high quality surface and near surface weather products
e Land Surface Model: H-TESSEL (Balsamo et al., ECMWF NewsLetter 2011)

« Land Data Assimilation (de Rosnay et al., EEMWF NewsLetter 2011)

NESDIS/IMS snhow cover

- Snow depth analysis

* New 2D Optimum Interpolation (Ol) (operational)
» Ground data (SYNOP and other NRT data)

* High resolution NESDIS/IMS snow cover data
(de Rosnay et al., Surv. Geophys., 2013)

- Soil Moisture analysis

» Simplified Extended Kalman Filter (EKF) (Operational)
» Uses screen level parameters analysis

Drusch et al. GRL (2009)

de Rosnay et al. QJRMS (2013)

- Satellite data related to Soil Moisture

METOP-ASCAT (Operational) SMOS Monitoring
de Rosnay et al., QJRMS 2013 Sabater et al., TGRSL 2011

ASCAT data assimilation

- Validation activities (EUMETSAT H-SAF)
Albergel et al. RSE 2012, HESS 2012, JHM 2012
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