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Current Operational Land DA
Met Office SyStem

 Soil Moisture Nudging Scheme driven by:

« Screen T/g Errors (Physically Based)
« ASCAT soil wetness

d Recent improvements to use of ASCAT soll
wetness product:

* Increased ASCAT weighting [slight benefit]

* Improved Quality Control based on Level 2 product
guality flags

* Preparation for ASCAT on MetOp-B
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Extended Kalman Filter

land-surface DA: motivation
Met Office

 Improve propagation of surface information to deeper
layers

1 Cater for more satellite measurements e.g. SMOS, SMAP,
Land Surface Temperature estimates.

4 In addition to soil moisture, move towards a consistent
analysis of soil temp, albedo, snow amount...

 Other centres , notably ECMWEF, Meteo France, have
already demonstrated the use of an EKF for Land DA and
we take advantage of their work in our strategy eg offline
Jacobian generation, static B.
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Extended Kalman Filter

Met Office

Q X, = Xp + K(y — Hxp) where K is
Kalman gain:
e K=BH" (HBHT+ R ) !
= H requires one control fc + one fc per
model variable/layer analysed
* Hy = H (X+0x;) — H,(x)
0 X

© Crown copyright Met Office



EKF-land surface DA:

werome Jacobians

1 Jacobians computed from offline runs of
JULES - the land surface exchange
scheme within the Met Office Unified
Model.

1 We run one unperturbed run of the land-
surface model and one perturbed run per
control variable (soil moisture on 4 levels
+ 1 skin temp + 4 soil temp =9 perturbed
runs).

 Potentially allows increments in deeper
levels arising from satellite derived soill
moisture, as well as at the surface.

 Length of perturbation runs set to 3 hours.
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Jacobians — monthly means mid Aug- mid Sept
dscreenQ/dsm or soil moisture sensitivity to Screen Humidity

Met Office Midnight
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Jacobians — monthly means mid Aug- mid Sept
dscreenQ/dsm or soil moisture sensitivity to Screen Humidity

Met Office Midday
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Near surface (satellite)
metorre JACODIANS dSM,/dsm,

Investigate
run times
over which
Jacobians
computed?
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QC of Jacobians

Met Office

1 Screen Jacobians can become very (unphysically) large over bare soil

surfaces

O Limit of Jacobians computed by assuming effective optimal wt of screen
ob is < 0.5 which means that max value of H is HBH~R , ie

|Jacobian| <= oberr/bgerr

Plot shows the % of time each grid
point is rejected due to the
threshold test

(set at £70K/(m3m-3) for screen

temperature and = 0.03 g/g/(m3m-
3) for screen humidity)

© Crown copyright Met Office

9ONT™

45N |

455 |-

90S L

EKF Rejected Points 10

180

10.000

l 1 1
20w 0 90E

20.000 30.000 40.000 50.000 60.000 70.000 80.000 90.000 100.00(



Determining Observation & Background Errors

Met Office

O Kalman Gain Matrix K requires realistic estimates of the
observation and background errors

K=BH'(HBH' +R)™

4 B is the background error covariance matrix and R the observation
error covariance matrix. We assume the covariances are small in
each matrix. The problem then becomes estimation of the soil
moisture background errors (at each level) and the observation
errors e.g. the ASCAT error

O NB: The errors are specific to the model and the way we use the
observations (ie not off the shelf or from other systems)

O Triple collocations employed — a common technique to diagnose
observation errors in remote sensing
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Determining Observation and Background
Errors — Triple Collocation

Met Office

« Take 3 collocated estimates of the
same parameter (e.g. soil moisture at
level 1). If the estimates are
iIndependent then the errors can be
determined from the variances

* In situ data extracted from networks
shown (courtesy International Soll
Moisture Network)

« To determine the background error:

In situ, SMOS Level 2 estimates, Met Office
short range forecasts of soil moisture

e To determine the ASCAT observation
error:;

In situ, SMOS Level 2 estimates, ASCAT

The results here used data from 2010.
More recent results suggest the satellite
products have improved accuracy
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parameter Error m3/m3
Background 0.030
SMOS (v500) 0.052
ASCAT (version 1) 0.041




Determining Observation and Background
Errors —

Met Office Cross check with Desroziers Diagnhostic

* The triple collocations provide useful
estlmateds o)f _e[jrors. Hdowtever we h%vg) 1
assumed a) independent errors an by2 _ + _ _
results from regional networks are (67)" = nZ(a b)(0-b)
representative globally =1

« Use D%srokzule:rs Dlagnct)_stlcI asat ( 10
crosscheck. For an optimal system (e.g. 0Y2 — _ _
VAR, Kalman Filter) VF\)/here o}/b , 0-a ar% (@) nZ(O a)(0—b)
the ob-background and ob-analysis -1
differences. 24 hours of ASCAT monitoring
statistics show the following for 2011. The
diagnostics are computed within
observation space - Since ASCAT is

principally sensitive to top layer moisture — o= =0.041m3/ m3
we cant ?h'talm esltlmate for background
error at this level.
o° =0.031m3/ m3
* Very good agreement with triple
collocations

« Future improvement: spatially dependent
errors?
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A monthly test of the EKF

Met Office

A cutdown suite: g
Model Soil moisture
updated every cycle via |
the EKF or the existing R —
nudging scheme. W/
Atmospheric analysis
iIncrements taken from l
the operational archive

for both trial and control

Runs at operational
global resolution ~25km
at mid latitudes
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EKF land-surface DA: screen
wetomee INNNOVALIONS

Screen Innovations
Screen Temp

2.5 . . T .

e Innovation plots show ¢ 1i3f — T T
that for screen S 88L  AAAAANAAAAMMAN—ANAVANAAL |
observations the fit of TASTTT s s e s w
the observations to the ~ _p— Soesniomdy
background (6-hour) 5 of E

2 4l |
forecasts are very Ezgl E  AVWAMANAMNAAMMN AN
similar between control T Thaen, Y
and EKF trial. control RMS O-B

EKFRMSO-B  ~~ 7777

control mean O-B
EKFmeanO-B  —~~777
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EKF land-surface DA: ASCAT

wromee INNOVAtioNs

e The ASCAT innovation
plots highlight that the fit
IS less close in the EKF
than the nudging
scheme.

e This is to be expected
as the operational
nudging weight for
ASCAT is 0.5, whereas
collocation studies
suggests the optimal
weight in the EKF is
0.35.
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Comparisons of analyses
against in situ networks

Met Office ltalics in each 2"d row represent EKF experiment

Network Location Depth | Station - Station - Correl'n
&No. Analysis Analysis
(cm) Bias
SD

SCAN US 134 5 -0.063 0.03 0.52

< -0.044 0.033 0.45

ARM US 10 5 0.133 0.023 0.13

0.141 0.020 0.20

COSMOS US 15 ~10 0.033 0.049 0.39

0.046 0.046 0.41

EURO EU9 5 -0.064 0.026 0.15

-0.055 0.026 0.22
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Encouraging improvement to fit of analysis (both bi

SCAN network over US

as and sd) for



Next Steps

Met Office
* Full atmospheric trial underway (3 month model runs)

* Feed soil temp analysis into forecasts

 Prepare for first use of Land Surface Temperature data from polar and
geostationary satellites

LandSAF LST

product from
SEVIRI — 1 midday
slot -

260 280 300 320
Skin Temp (K)

« Test forecast impact of JULES run lengths used for Jacobian generation
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Conclusions

Met Office

« The first version of an Extended Kalman Filter has been developed for
prowdmgLSOH moisture and temperature analyses. It is designed to
replace the screen/ASCAT nudging scheme.

« Jacobians generated via offline runs of the JULES land surface model.
Strong daytime coupling observed between low level soil moisture and
screen obs in tropical forested regions.

« Observation and background errors are critical to the successful running
of the EKF. Initial estimates have been derived through triple collocations
and these agree well with those derived from the Desroziers diagnostic.

* As a by product of the triple collocations we find that the SMOS
observation error is higher than that for ASCAT.

« Atrial of the EKF, uncoupled from the atmosphere, but allowing the soll
moisture to evolve, showed that the analyses have similar fit to those
from nudging — compared to in situ stations.

 Trials now underway to determine the impact on atmospheric forecasts,
particularly near surface temperature and humidity.
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Questions?
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