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ECMWEF L-band activities over land

P. de Rosnay, J. Munoz Sabater, N. Rodriguez-Fernandez,
C. Albergel, L. Isaksen, G. Balsamo and S. English,

o
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS © ECMWF



Introduction: Land Surface
for Numerical Weather Prediction (NWP)

Land surfaces:
« Boundary conditions at the lowest level of the atmosphere
« Component of the Earth System, controls the continental hydrological
cycle, interaction with the atmosphere on various time and spatial
scales
« Crucial for near surface weather conditions,
whose high quality forecast is a key objective in NWP

Hydrological Cycle
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iIn NWP systems for monitoring,
Initialization, and validation

- Use of observations for land surface W
73 TT

Relevance of L-band observations
for soil moisture in NWP systems

Trenberth et al. (2007)
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ECMWEF Soil Data Assimilation

Assimilation of L-band T, over continental surfaces &
investigate the meteorological impact of SMOS data

assimilation

Simplified Extended Kalman Filter:
(de Rosnay et al QJRMS 2013)

For each grid point, analysed state vector x_:
x=x.+ K (y-H [x,])

X, :background state vector,
y :observation vector
JH :non linear observation operator

K :Kalman gain matrix: K= [B1+HTR'IH] -IHTR!

Observations:

) LSM : HTESSEL
e Screen Level Variables (SLV): T2m, RH2™
o« R i ing data: (SWV) (Balsamo et al JHM 2009)
eémote sensing data: 0-7cm, 7-28cm, 28-100cm,

=  ASCAT soil water index (METOP-A, METOP-B), 100-289cm
=  SMOS L-band Brightness temperatures
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L-band DA: background and observation errors
System configuration

> Obijective: find the best combination of observation and Water holding capacity
background error for L-band DA . = f(soil texture)

Munoz-Sabater et al. ECMWF ESA report 2016, also in rev 2017

| e M

Obs error: SLV and ASCAT: o(T,)=1K; o(RH,)= 4%; 6(SMpgcar)= 0.05 m3m3

layer-1: 7cm

layer-2: 21 cm

A, b\ e (il B S ] S
s W b LA s B S R
. = .

layer-3: 72 cm -
SMOS Obs error: Config.1 Config.2 Config.3
o(Tg)= 6 + rad_acc o(Ty)= 6 + rad_acc o(Tg)= 6 + 3xrad_acc
(~8.5to 10 K) (~ 8.5-10 K) (~13.5to 18] K
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L-band DA: background and observation errors

System configuration
> DA Experiments period: 15 Sept- 31 Oct 2012

» Reduced atmospheric observing system
» CTRL (SLV) plus 3 tested configurations to define best combination of error specification

» Config. 1 and 2 have negative impact in SH and NH; Config 3 retained

Config.1
Config.2 Normalized change in rms of forecast error
Config.3
T: -90° to -20°, 1000hPa T: =20° to 20°, 1000hPa T:20° to 90°, 1000hPa
E D-DE ] T T T T T ] D.DE 3 T T T T T 3 D.DS ] T T T T T ]
= : :
S 0.01F i 0.07¢ 0.02f
5 R =] ! 0.00¢ i
-  0.00F -0 RNy (O S = | 0.01F
» 5 A | —0.01F 5
g -0.01F 1 _o.02F 0.00f--
2 o02b . . . . % _003 A )X+ ) | S S
o 1 2 3 4 5 0o 1 2 3 4 5 0o 1 2 3 4 5
Forecast day Forecast day Forecast day
SH- extratropics Tropics NH- extratropics
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L-band assimilation in ECMWEF IFS

Experimental setup
- System configuration: obs and background error of config 3
- DA experiments period: MJJAS 2012 and MJJAS 2013
- Resolution: T511 (closest to SMOS resolution)
- Experiments:
- Open Loop: full IFS but no soil analysis -
- SLV (T2m and RH2m)
Set of data assimilation

- ASCAT only experiments using different

- SMOS only configuration of the soil
moisture observing system
- ASCAT+SMOS
- SLV+ASCAT+SMOS
- Evaluation:

- Soil Moisture from independent in situ (USCRN, SCAN, SMOSMANIA)
- SYNOP T2m, RH2m
-  NWP evaluation scores against own analysis
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L-band assimilation in ECMWEF IFS

Soil Moisture evaluation

- 0129 06 0.573 0.051
- 8 0128 0.6 0.568 0.050 0929121
- 86 0124 070 0.581 0.051
e
- 8 0125  0.69 0.570 0.051 e W T
}
0.071  0.794 0.664 0.048 oo

Jan, Jul. Jan,
10 - 0.800 0.671 0.048

10 0.070 0.802 0.670 0.047

10 0.071 0.800 0.670 0.048

SMOS TB assimilation slightly (but not significantly) improve soil moisture
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L-band assimilation in ECMWEF IFS

T2m 24h forecasts evaluation for MJJAS 2013
(Total of 306 10-day forecasts initialised at 00&12 UTC)

_ Impact: Normalized change in rms of forecast error for T2m

S5 4 2 -1 -0.5-02-0.1 010205 1 2 3 5 S5 4 2 -1 -0.5-0.2-01 010205 1 2 3 &5

e o
G G
; . C:L‘b \-:3’ | _ C:b Py
= SMOS-SLV [Tz |g———e& . ASCAT-SLV [Tz

S5 3 2 -1 -0.5-02-01 010205 1 2 3 5

| s (SMOS + AS.CAT)—SLV s Assimilation of only SMOS or ASCAT, or both
degrade compared to SLV DA
- We need SLV assimilation!

®* Blue = mean abs error reduced

* Red = mean abs error increased
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L-band assimilation in ECMWF IFS

T2m forecasts evaluation for MJJAS 2013
(Total of 306 10-day forecasts initialised at 00&12 UTC)

T2m: ALL [SLV+ASCAT+SMOS] — SLV

5 3 2 1 050201 0102051 2 3 5 -5 -3 2 -1 050201 0102051 2 3 5

Sensitivity:

Difference in T2m

forecast

* Blue - air temp is colder
Neutral to slightly positive « Red = air temp is warmer
impact of adding SMOS
and ASCAT on the top of
SLV 5 3 2 -1 -05-02-01 010205 1 2 3 5 45 3 -2 -1 -05-02-01 0102056 1 2 3 5
Impact:

Normalized change
in rms of forecast
error for T2m

®* Blue = mean abs error reduced

PN * Red - mean abs error increased
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L-band assimilation in ECMWEF IFS

Atmospheric forecasts evaluation for MJJAS 2013

Normalised difference in temperature RMSE
T:-90° to —20°, 1000hPa T: =-20°to 207, 1000hPa

T: 20° to 90° 1000hPa
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Fomecast day Foracast day Forecast day

AlLlL - S1LW

SMOS+ASCAT — SLV

SMOS - 5LV

ASCAT — 5LV

0oL - 5LV

- Experiments not using SLV show degraded temperature forecasts
- Neutral - impact of SMOS and ASCAT
- further model improvement required? (soil moisture/ evapotranspiration)
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file://IDAVOLL/usertmp/bigtmp/SMOS/PPT/MEETINGS/SMOS_PM_meeting_27112015.pptx#41. PowerPoint Presentation
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L-band forward modelling and bias correction
For assimilation and monitoring

- CMEM (Community Microwave Emission Modelling Platform) developed
and maintained by ECMWF (de Rosnay et al., JGR 2009)

- Implemented in the IFS and used for L-band forward simulation in
operations (Munoz Sabater et al., ECMWF ESA reports 2009,2010,2016)

- CDF-matching bias correction at monthly scale (de Rosnay et al, SMOS conf 2015)

TB*syos =@+ b TBgyos

with @ = TBecywr — TBsmos (Oecmwr /Osmos ) SMOS FG departure (O-F)
Jan 2013, XX pol 40 degrees

b = Occpmwe/ Osmos

[ NO BC
[ Monthly BC
[ Yearly BC ||

Monthly CDF-matching based on
multi year SMOS data
- mean and variance are matched

Frequency

0.00 o] ] : -
-60 -40 -20 0 20 40 60

FG departure (Obs-Model) L-Band TBxx at 40 degrees
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L-band forward modelling and bias correction
For assimilation and monitoring

SMOS and ECMWEF TB (K) in West Africa (12N-17N ; 3W-2E)

Africa sub-area [12N-17N ; 3W-2E]
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220~ — - SMOS CDF monthly
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Day of year 2013 L-Band TB xx pol

Monthly CDF-matching = mean and variance are matched
Event scale temporal dynamics of the observations remains
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SMOS Forward modelling

 CMEM+ERA-Interim-Land > ECMWF SMOS TB for 2010-2013

 Comparison between ECMWF TB and SMOS NRT TB (both reprocessed)

* Consistent improvement of SMOS data at Pol xx and yy, for incidence
angles 30, 40, 50 degrees

Multi-year Global Evaluation Multi-year Global Evaluation
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Satellite data monitoring for NWP

Active microwave data: Passive microwave data: Active and Passive:
ASCAT MetOP-A (2006-), SMOS L-band (1.4 GHz) SMAP

MetOP-B (2012-) NRT Brightness Temperature|| | pandTs, 2015
C-band (5.6GHz) Dedicated

NRT Surface soil moisture soil moisture
Operational product Dedicated soil moisture missior] | ™"

— operational continuity Best sensitivity to soil moisture

Operational Monitoring of surface soil moisture satellite obs:
ASCAT/A soil moisture (m3m-3) 40° SMOS TB (K)
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Flask flood in Morocco
on 23 February 2017

Total precipitation over 24 hours circles: observations
FC:2017-02-21 12:00:00 RANGE: 42 - 66 VT:2017-02-23 06:00:00 to 2017-02-24 06:00:00

N=2297 BIAS= -2.3mm STDEV= 4.1mm MAE= 2.3mm

errors for [north=75.00, west=-12.50, south=35.00, east=42.50]

20-30 30-50 = 50-100 & 100-250 & 250-999
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Flask flood in Morocco
on 23 February 2017

LT T .
: 8 8 2328 8

Precipitation on 23 February

0.0000-

SMOS TBh (30degrees)
First Guess departure: Obs-Model (K)
23-28 Feb

SMOS colder/wetter than FG
-> ECMWEF FG drier

[ |
- Flood better captured by SMOS
than ECMWEF First guess

-2.00004
-4.0000
-6.0000-
-8.0000
-10.0000-
-12.0000

Obs-Model (K)

-16.0000

-14.0000Fjrst guess departure (Obs-Model) Morocco, 23-28 Feb 2017
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SMOS Neural Network Soil Moisture

Two (distinct) L-band NN activities conducted at ECMWF

1) NRT ESA SMOS Neural Network soil moisture
NN trained on ESA's SMOS operational soil moisture
(Rodriguez-Fernandez et al, HESS 2017)

2) Data Assimilation experiments to use NN soil moisture
Following idea of Aires et al 2005
NN SM data set trainined on ECMWF soil moisture
- No need for forward model, no bias correction
(Rodriguez-Fernandez et al, ECMWF ESA Report, 2017)

Collaboration ECMWF, ESA, CESBIO, Observatoire de Paris
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Data Assimilation of SMOS Neural Nework SM

-
* SMOS Tbs, polarization H &V, angles

302-45¢

\. Normalization with local extreme SM

4 ) ) )
NN soil moisture
Trained on ECMWF SM

_ -> ready for DA

e Off-line DA experiment with a priori processed SMOS NN SM
* For research purpose (training procedure not compatible with operational NWP)

(Rodriguez-Fernandez et al, ECMWF ESA Report, 2017)
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Data Assimilation of SMOS Neural Newtork SM

Experimental setup (Rodriguez-Fernandez et al, ECMWF ESA Report, 2017)

- One year assimilation experiments in offline LDAS (forced by ERA-Interim)
- Sensitivity to observation errors = 13 experiments
* Open Loop } oL
e SMOS NN SM o x1
« SMOS NN SM & x3 ]» SMOs
e SMOS NN SM & x9 _
e SMOSNNSMo x1+T2m +RH2m
« SMOSNNSMox3+T2m+RH2m F SMOS+SLV
e SMOSNNSMo x9+T2m + RH2m
* ASCAT SM o x1
* ASCAT SM G x2 ASCAT
* ASCAT SM & x4
* ASCATSM o x1+T2m + RH2m ]

e ASCATSM G x2+T2m + RH2m | ASCAT+ SLV
e ASCATSMox4+T2m + RH2m

- Different relative weights of observations with respect to the model were tested

- Set of atmospheric Forecasts for each analysis experiment

o
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Data Assimilation of SMOS Neural Newtork SM

Forecasts verification 2012 Dew point temperature
RMSE normalized difference with OL

1-Jan-2012 to 29-Dec-2012 from 360 to 364 samples. Confidence range 95%. Verified against 0001.
Z2D: SH -90° to -20°, OhPa  Z2D: Tropics —20° to 20°, OhPa  Z2D: NH 20° to 90°, OhPz
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Forecast day SMOS NN SM & x1

SMOS NN SM o x1 + SLV
SMOS NN SM 6 x3 + SLV _
SMOS NN SM o x3 minus OL
SMOS NN SM o x9 (-> close to OL)
SMOS NN SM ¢ x9 + SLV (-> close to SLV) |

- Consistent with previous coupled IFS results: we need SLV observations
- Positive impact of SMOS in NH, Negative/neutral in TR/SH
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Data Assimilation of SMOS Neural Newtork SM
Forecasts verification 2012 Impact:

T+36; 850hPa T+48; 850hPa Normalized change in rms

. of forecast error for T2m
i SMOS NN SM o x1 vs OL
VR

T+36; 850hPa
135 -90 45 0 45 90 135
T T T

i 2% 5 |
D STL ~ = W TR PR =~ 7 H0F T R S R o o o ¥d =
i (R2 S, 7o SIS AOL AN o FEES o of idavde  SMOS NN SM o x3 vs OL
e IR AR N | RS ! =
SRE: N e TR L T T e & 8 &
[ (=T (=1

Jg 0 4! 80 13

-135 -9

T+36; 850hPa T+48; 850hPa
-135 -90 45 0 45 90 135
— )

SMOS NN SM o x3 +SLV vs OL

—60 -30 0 30 60
oo 0e- o g og
—60 -30 0 30 60

o B 1 S i TR
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Summary

» L-band used for a large range of activities at ECMWF

» SMOS is implemented in the operational IFS and used for monitoring

» L-band at ECMWEF:

- Forward modeling (CMEM)

- Bias correction (seasonal CDF matching)

- Operational NRT SMOS monitoring, value of L-band TB for extreme events
- SMOQOS TB assimilation

- SMOS NRT SM production for ESA

- SMOS ECMWF NN SM product assimilation (research)

» Both TB DA and SM NN DA lead to an overall neutral NWP impact.

» Monitoring emphasizes potential of L-band data in extreme conditions.
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WECMWF About Forecasts Computing Research Learning Library _ Go Login

Einm-

ECMWF/ESA Workshop on Using Low
Frequency Passive Microwave Measurements
in Research and Operational Applications

Learning homepage ECMWF | Reading | 4-6 December 2017

Programme (to follow)

Training Local information

Workshops
Poster guidelines

Past workshops

Seminars

Education material

© ESA/CATDS

https://www.ecmwf.int/en/learning/workshops/workshop-using-low-frequency-
passive-microwave-measurements-research-and-operational-applications
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https://www.ecmwf.int/en/learning/workshops/workshop-using-low-frequency-passive-microwave-measurements-research-and-operational-applications

More slides
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ECMWEF L-band TB Bias correction

Comparison between SMOS Obs and ECMWF Model
= RMSD (K)

TBxx, 40 degrees

Before bhias correction
| (17.7K)

After bias correction
(7.5K)

Low residual RMSD, except in RFI
| |affected areas

More info: CESBIO SMOS blog
http://www.cesbio.ups-
Ise.fr/ISMOS bloa/

o
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http://www.cesbio.ups-tlse.fr/SMOS_blog/

Increments: ASCAT x. %= K (yo- HH [x.])

Obs Error = Instr. Error x 1 m3 /m3 _ = Instr. Error x 2
gjo1 ASCATSLV; 20120604; Inc Lavel1 gint 2 2012000“00 Lovell .
60 > ba? * g ; ; ~
Layer 1 , * "
. 2
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Increments: SMOS NN

Layer 3 o
28-100cm

Latitude

- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

Obs Error = Instr. Errorx 1 m3/m?3
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Obs Error = Instr. Error x 3
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Data Assimilation of SMOS Neural Newtork SM
Validation soil moisture

Mean Mean Mean Mean Mean Mean
SM STD R Bias STD R Bias
e Ny C ARM HOBE

. \\m;‘ ~ _ Q:‘R‘EMEDHUS I Sensors= 31: Npt="T717 Sensors= 46: Npt= 687
oTEEa | S swoumii s SMOS SM 6 x1 0.058 [0.64 0.040 | 0.037 |0.68 0.002
wie v Lo W smos smox 0061 [063| 0034 | 0038 [071| -0.010
NS \cARsmFrfm aen SMOS SM & x9 0.064 |0.61 0.030 | 0.039 |0.71 -0.013
&g/ s SMOSSMox1+SLV | 0.058 [0.64 0.040 | 0.037 [0.68 -0.002
o ~_SMOSSMox3+SV | 0.060 |0.63 0.035 | 0.038 |0.71 -0.009
T e T T, T SMOSSM G x9+SWV | 0.064 [ 0.60 0.031 | 0.038 |0.71 -0.012
ASCAT SM o x1 0.064 UB3 0.029 | 0.043 067 -0.016
ASCAT SM & x2 0.063  0.62 0.030 | 0.040  0.70 -0.015
ASCAT SM © x4 0.064 061 0.020 | 0.039 071 -0.014
ASCATSMox1+SLV | ppe3  0.62 0.031 0.043 0.66 -0.016
ASCATSMox2+3LV 063 0.61 0.031 0.040  0.70 -0.014
ASCATSMox4+3SLV | noe4  0.60 0.031 0.039  0.71 -0.013
Open loop 0.065  0.60 0.029 | 0.039  0.71 -0.014

06 SCAN Jordan Hydraprobe-Analog-(2.5-Volt)
B T T I I T

In situ

OL-ggax
SMOSSLV-1-gjjw
SMOSSLV-3-gjjx

Feb Apr Jun Aug Oct Dec

-> neutral impact of SMOS and ASCAT DA on soil moisture depending on site

o
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SMOS NN SM o x1

SMOS NN SM & x3

SMOS NN SM & x9

SMOS NN SM 6 x1 + T2m + RH2m
SMOS NN SM 6 x3 + T2m + RH2m
SMOS NN SM 6 x9 + T2m + RH2m
ASCAT SM o x1

ASCAT SM G x2

ASCAT SM c x4

ASCAT SM 6 x1 + T2m + RH2m
ASCAT SM 6 x2 + T2m + RH2m
ASCAT SM 6 x4 + T2m + RH2m
Open loop

SMOS NN SM o x1

SMOS NN SM & x3

SMOS NN SM & x9

SMOS NN SM 6 x1 + T2m + RH2m
SMOS NN SM 6 x3 + T2m + RH2m
SMOS NN SM 6 x9 + T2m + RH2m
ASCAT SM o x1

ASCAT SM o x2

ASCAT SM o x4

ASCAT SM o x1 + T2m + RH2m
ASCAT SM 6 x2 + T2m + RH2m
ASCAT SM 6 x4 + T2m + RH2m
Open loop

Mean Mean Mean Mean Mean Mean Mean Mean Mean
SM STD R Bias STD R Bias STD R Bias
ARM HOBE SCAN
Sensors=31: Npt= 717 Sensors= 46: Npt= 687 Sensors= 240; Npt= 816
0.058 0.64 N 0.040 0.037 0.68 -0.002 0.054 0.54 0.043
0.061 0.63 0.034 0.038 0.71 -0.010 0.055 0.55 0.038
0.064 0.61 0.030 0.039 0.71 v -0.013 0.056 0.54 0.036
0.058 0.64 |5 0.040 0.037 0.68 -0.002 0.054 0.54 0.043
0.060 0.63 0.035 0.038 0.71 -0.009 0.055 0.55 0.038
0.064 0.60 0.031 0.038 0.71 v -0.012 0.056 0.54 0.036
0.064 U.63 0.029 0.043 067 -0.016 0.056 0.54 0.032
0.063 0.62 0.030 0.040 0.70 -0.015 0.055 0.54 0.034
0.064 0.61 0.029 0.039 0.71 -0.014 0.056 0.54 0.035
0.063 0.62 0.031 0.043 0.66 -0.016 0.056 0.53 0.033
0.063 0.61 0.031 0.040 0.70 -0.014 0.055 0.54 0.035
0.064 0.60 0.031 0.039 0.71 -0.013 0.056 0.54 0.035
0.065 0.60 0.029 0.039 0.71 -0.014 0.056 0.54 0.035
CTP-SMTMN HYDROL-NET-PERUGIA SMOSMANIA
Sensors= 33; Npt= 365 Sensors= 2; Npt= 719 Sensors= 19; Npt= 1009
0.048 0.53 0.114 0.057 0.79 0.078 0.053 0.79 0.066
0.048 0.53 0.114 0.057 0.79 0.079 0.053 0.80 0.063
0.048 0.53 0.114 0.057 0.79 0.079 0.054 0.80 0.062
0.048 0.53 0.113 0.057 0.79 0.074 0.053 0.79 0.065
0.048 0.53 0.113 0.057 0.79 0.075 0.053 0.80 0.062
0.048 0.53 0.113 0.057 0.79 0.075 0.053 0.80 0.060
0.047 0.57 0.113 0.056 0.78 0.067 0.054 0.79 0.059
0.048 054 0.114 0.057 0.79 0.075 0.053 0.80 0.060
0.048 053 0.114 0.057 0.79 0.078 0.054 0.80 0.061
0.047 0.57 0.113 0.056 0.78 0.064 0.054 0.79 0.059
0.047 0.55 0.113 0.057 0.79 0.072 0.053 0.80 0.060
0.048 0.54 0.113 0.057 0.79 0.075 0.053 0.80 0.060
0.048 0.53 0.114 0.057 0.79 0.079 0.054 0.80 0.062



Humidity (whole 2012)

R: SH -90° to -20°, 500hPa R: Tropics —20° to 20°, 500hPa  R: NH 20° to 90°, 500hPa
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Temperature (whole 2012)

T: SH -90° to —-20°, 500hPa 0 ogai Tropics -20° to 20°, 500hPa  T: NH 20° to 90°, 500hPa
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Humidity

R: SH -90° to -20°, 1000hPa  R: Tropics —20° to 20°, 1000hPa R: NH 20° to 90°, 1000hPa
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Change in error in T (SMOSx3 (gji1) — OL (ggga))

1-Jul-2012 to 29-Sep-2012 from 87 to 91 samples. Verified against 0001.
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Change in errorin T (SMOSx3 SLV (gji2) — OL (ggga))

1-Jul-2012 to 29-Sep-2012 from 87 to 91 samples. Verified against 0001.
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Change inerrorin T (ASCAT2 (gjgw) — OL (ggga))

1-Jul-2012 to 29-Sep-2012 from 87 to 91 samples. Verified against 0001.
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Change in error in T (ASCAT2+SLYV (gjr3) — OL (ggga))
1-Jul-2012 to 29-Sep-2012 from 87 to 91 samples. Verified against 0001.
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