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Various methods of GNSS occultation data assimilation
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D Among them, we are assimilating refractivity for JMA operational model.
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Observation operator
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Assimilation of refractivity is very simple and effective method.



Cross section of D(O-B)
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In the routine version, when the calculation of GPS height of the model, w is not considered.
The effect is not small. But after this correction, tropical biases are still remained. It may
course our model dry bias.



Cross section of D(O-B)

Specification of routine version

— 9 780 7711 760 —50 Al] 73[1 72(! —10 o 1(! 20 30 40 50 B0 7o 80 90
55000 + + + + + + + 55000
uuuuuuuuuuuu
=0 | Before bias correction 000
40000 40000
35000 35000
OO0 DT
o0 b= ]
I T
L s 1 Sl
[re-ves B
== 3 iy Lakai {Lm et AR R sy o e =

" -g0 -B0 -Ta &0 - - ~ 3 = 10 20 30 - =0 -0 m B g 9

—90 _80 _70 -—60 -—50 —40 —30 -—20 —10 o io  zo 30

40 s0 60 70 80 o

=0 | After bias correction & QC 5000
z ik La il l:
| Amount of bias correction -
- ascs

-0 - 7T A0 55 a8 -3 - -sb 16 Cad : ar L] L+ b -

£ 3

05 s .3 o g s a9

Specification of future version
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Thinning and setting of observation errors

Thinning

e Vertical thinning is 1km interval.
e Horizontal thinning is nothing.

Observation errors

Observation errors are set as another value in summer and winter

From summer to winter MetOp and COSMIC observation errors are
interpolated by trigonometric function.

Observation errors were defined as a function of height.
Observation errors are set 1.9 times of RMS.

Vertical correlations of observation error are not considered.
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Bias correction

The biases were removed by linear regression equations.
N,=c,+ c,f, latitude +c f; Nyzs +C,f,(altitude)

€,C,»C3C, are updated by Kalman filter

Areas were divided five latitudinal bands

Arctic area

Middle latitude of NH

Tropics

Middle latitude of SH

Antarctic area

Coefficients exist each 5 domain. (A - E
Different coefficients are determined

GRACE, MetOp, COSMIC 1-3,COSMIC 4-6
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Seasonal variation of Departure(O-B) statistics(Bias and NRMS)
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Seasonal variation of Departure(O-B) statistics(Bias and NRMS)
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From summer to winter MetOp and COSMIC observation errors are interpolated
by trigonometric function.



RMS(CNTL)-RMS(TEST) map at 50hPa on FT=48

Worse Better Worse Better
S —> S —>

=1,0 0.5 0.0 0.5 1.0

Diff. of RMS{~(TEST-CNTL)) at 50hPa = Diff. of RMS(~(TEST-CNTL)) at 50hPa =

Summer experiment Winter experiment
Statistics in September 1- 30, 2008 Statistics in January 1 — 31, 2009

Red arias are dominant compared with blue area.
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RMS scores of Z500 by MetOp and GRACE experiments
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Scores of the winter hemisphere became good.
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GRACE and MetOp data

have been used in operation since November 30, 2009

COSMIC registration completed.
COSMIC experiments have finished.

April 14, 2006 COSMIC launched
February 25, 2010 COSMIC registration completed formally in IMA

We got cooperation from a lot of people.
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Method of the bias correction will be improved

Predictors of bias correction are Latitude, hight, refractivity
X,= X,=(90-abs(lat )/c, c,=10 ¢,=100 c4;=10000
X3=N,pe/C, x,=(alt,,, alt)/c, alt.,,=30km
y:Nbias_cor/CZ

y = diX1+ d2X2 + d3X3+ d4X4 — Kalman Filter

New method (2010.10.XX- )

Introduction normalized function.
It is necessary to reduce the altitude dependence of the refractivity variance before
handing over Kalman filter.
N mod — exp(ao (altmax o alt) + bO)

N 300 atalt= Okm Value of typical refractivity
N 80 at alt=10km Value of typical refractivity

aq,b, were calculated with upper condition.

y asXs :
—— = aiX1+ a2X2 +———+ a4X4 — Kalman Filter

S
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Comparison of routine and new method of the bias correction

Height (m)
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Amount of bias correction.
The gaps of connected area were canceled
by introduction of a new bias correction method.
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COSMIC data assimilation

Summer experiment(TL959L60)
TEST : With COSMIC (H014 CTG_200909)
Assimilation period : August 20, 2009 - October 09, 2009
Forecast period : September 01 - 30, 2009
CNTL  Without COSMIC (G014 200909 CNTL)

Winter experiment(TL959L60)
TEST: With COSMIC (H014 CTG_200901)
Assimilation period : December 20,2008 - February 09, 2009
Forecast period : January 01 - 31, 2009
CNTL Without COSMIC (H012_AG2_200901)
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Difference of Analysis fields in winter experiment

08122000 GPS data distribution.

OOUCT December 20, 2008

Data distribution
Red COSMIC Blue MetOp Green GRACE
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Comparison of first guess vs. radio sonde( SH, Temperature)
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Improvement rate of zonal mean at FT=72
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Summary
@ Bias correction procedure is using now in our
assimilation system. We will aim to remove this
process in near future.

@ |n the GRACE and MetOp experiments,
RMS scores of Winter Hemisphere against initial were improved.

® GRACE and MetOp data have been using in
operation since November 30, 2009. (GRACE data stopped in December, 2009 )

@ |[n the COSMIC experiments, in the troposphere, forecast scores against the
initial field improved in winter experiment, and neutral in summer experiment.

® Inthe COSMIC experiment, Typhoon track positional forecast errors are
neutral in statistic from T0912 to T0919.

® COSMIC data will be used in operation from October 2010.
We would like to thank GFZ for providing GRACE-A/BlackJack data,

EUMETSAT for providing Metop-A/GRAS data, NSPO and UCAR for providing
COSMIC data.
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