Ensemble Methods in Modeling and Data assimilation (EMMDA)

Hybrid data assimilati
forecasting system at

Korea Meteorological
Administration



Introduction

« Aglobal NWP model (KIM: Korean Integrated Model~12.5km)
(Choi et al. 2014; Choi and Hong, 2016) and its data assimilation
system built on a cubed-sphere grid has been developing by
KIAPS (Korean Institute of Atmospheric Prediction Systems).

« NMC at KMA has run the KIM forecast system as semi-real
time forecast since April 2019 and plans to run as real-time
operation since 2020.



\ Progress of data assimilation system

Date _|description

2015.7~2017.3 3DVar
(Song and Kwon, 2015; Song et al., 2017; Ha et al., 2018)

2017.4 Hybrid 4DEnVar (H4DEV, using LETKF)

2018.3 4 mid-loop H4DEV (without re-running of the
NWP model)

2019.10 Increase of ensemble BEC ratio (0.3—->0.7)

2020.4 Increase of horizontal resolution of ensemble

(planned) forecast (50km—>32km)



le—— VarBC(MHS), AMSR2, FY-3C

2019

MT-SAPHIR, VarBC (AMSU-A)
<—— Add 12~14ch for ATMS

2018

<—— Add 12~14ch for AMSU-A

CRIS Q

TC Bogus, ATMS WV

Scatwind, MHS, CSR(COMS)

T T

ATMS, CRIST

2016

AMV, IASI
GPSRO

<€ AMSU-A

Satellite data assimilation

Aircraft

2015

Surface
< Sonde

Conventional data assimilation

2014
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\ 4D Ensemble Variational Assimilation

e Every mid-loop,
brightness temperature

ﬁli static control variable (§) ||ensemb|e control variable (a)l

| et oo v | and Jacobian of RTTOV
climatologilc/:alvariance ensemble forec\:Last trajectory (xf) are re-calculated without
| | Inl;er-variable correlation (U, Ugl) | E re'running of the NWP

N l N | model.

| * To localize the ensemble,
,o=1( observation (y°) — guess ) the Gaussian function for
' 2 \observation error standard deviation i . .

' ' correlation is used.

guess for observation (y = h(x9™ + 6x))

s =) 4]0 =S +ad) +]°

. V]
B 3]T no
© =ity Is 7] sufficiently
! _ ayT close to criteria?
: s a=a+cy—
i Inner loop da yes

Is n+ 1 equal to # -
of outer iteration? H x9(M+D) = 9 4 §x

Middle loop




Multi-resolution minimization

Normalized correlation fucntion for localization
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« shorter length-scale

« longer length-scale

Normalized correlation

< multi-scale 4 : S

observation
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Position -14400 -10800 -7200 -3600 0 3600 7200 10800 14400

km
* Resolution of minimization also increases from 3600 km to 900 km in the way
of 1/2*localization scale.

Increments
{a) Welghts on 44 perturbation (3500-km) {c) Weights on 44" perturbation (1800-km) . &) Welghts on 44" perurbation (multl-scale)
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Impact of multi-scale localization

e Comparison between multi-scale(ML) and single localization (SL)

Avg = -0.0497183 , Max = 0.104105 , Min = -0.272757 s PG = -0.0251686 , Max - 0.0447939 , Min - -0.193685
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1. Impact of Ensembie BEC

Comparison between H3DEV and 3DVAR

Analysis RMSE difference (H3DEV - 3DVAR)
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In this experiment,
ensemble forecast
is prepared.
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Comparison between H4DEV and 3DVAR (but obs in 4D)
Negative means the improvement of the H4DEV

Avg = -0.351568 , Max = 0.70181 , Min =-2.13108
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Avg = -0.350631 , Max = 0.68379, Min=-1.07425

] In this experiment,
i ensemble forecast
| is made in each
- data assimilation
. | cycle.
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Region A averaged: improved Region B averaged: degraded
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2018.07.10. 00 UTC
T Background error @ 800 hPa
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Q Background error @ 850 hPa
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* The update version (KIM v3.4) includes the increase of ensemble
BEC ratio (The impact of model improvement is small)

 Ensemble BEC : different ensemble ratios according to latitude (0.7
at the equator, 0.3 at the pole)

NH Z500hPa

RMSE

1 KIM3. 4/KMA
1 KIM3. 3a/K

2019-06 The moo

06.585 %

A

* KMA
— > KIM3.3a
KIM3.4

el performance is

: o il s L improved with increase of

day(2019-06) cencambhl
T T OITITTN

| KIM3.4/KMA = 103.118 %

. 2019-07

IM3.3a/KMA = 108.767 %
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Results: observation verification

00 UTC

Cht [ ASIA EAST ASIA
12 22 32 42 52 1Y 22 32 4Y 52 1Y 22 3Y 42U 52 1Y 22 32U 4Y 5Y 1Y 2 33U 42 59
wNnONNDS850 s50nPa RMSE - - o o a - & - a4 a - - . & & - - - & & - a - a a
GEOPCGPIHIS—@G—IT 500hPa RMSE - = - - - - - - - A - - - = - = - - - - = - - - -
TEMPERATURTSSO 850nPalRMSE| - | - | - | - | - | - | - |a|a| || -|-|=]=|-=|-1=|=|-]1-|=]-1-1]-
ARAF 2] (%) 10% 7 'S Oj= A4
degradation ooz wa im0 gzssovanusn 2o 2o esnz Improvement
BlRZigie ¥ ~20% v ~-10% w ~-3% - -3%-~3% 4 3%~ A 10%~ A 20%~
%E.N H H&H E.E Q ASIA EAST ASIA
6% 7% 82 92 102 62 7Y 82 92 102 62 72 8% 9% 10% 6% 7% 8% 92 10¥ 6% 72 82 92 102
wWVND850  ssonpa Ruse « -

ceoPGPHS5OQHT s00nPa RMSE &« - - - v s

- - - -~ -~ - - - -~ - - b4 - - - - - - -
TEMPERATURERG() 850nPa RMSE - - | - - v - & - - - - a - - - @& a - v v - v v v v
ALAF 2] (%) 10% 77 S CRE AA
degradatlon Of0|2 W2f 7| F0] (= A E0| | AAEL L HS B2 Improvement
HRZSEe ¥ ~20% Vv ~-10% ¥ ~-3%

- -3%~3% 4 3%~ A 10%~ R 20%~



Result: Precipitation

= Verification against CPC data — e M
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= Verification against reanalysis of rainfall at KMA
ETS (CTL) o E‘TS'(EXP)

Threshold (mm)
Threshold (mm)
Threshold (mm)

F24 F72 F96  Fi20 Fl44 F188 F192 F216 F2 F24 F48 Fr2 Fo6  F120 F144 F168 F192  F216 F2 F24 F48 Fr2 F96  F120 F144  F168  F192  F216  F240

. EXP s performance improves in heavy rainfall.



Result: Typhoon track error

Typhoon track error (km)
Case model 3d

4d

KIM3.3a 08 154 150 247

Danas KIM3.4 76 129 171 260
(1905)

KMA 65 149 192 ;

KIM3.3a 100 194 244 255

Francisco KIM3.4 93 117 185 242
(1908)

KMA 81 179 271 430

* blue: smallest error
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Remarks

* Impact of Ensemble BEC : the small-scale increment
is well captured in H4DEV and thus, it robustly works
by suppressing suspicious increments in temperature
and moisture analysis. Although H4DEV works well, it
tends to make the temperature increment colder in
upper tropical region.

* Impact of Increase ratio of ensemble BEC: different
ensemble ratios according to latitude (0.7 at the
equator, 0.3 at the pole) is applied. It improves the
model performance which resulted in improving the
performance of heavy rainfall and typhoon track
error on the Korean Peninsula.



Plans for data assimilation system

* |ncrease horizontal resolution of ensemble forecast In
HADEV (50—32km)

* |ncrease horizontal resolution for data assimilation
(50— 32km)

« Use more satellite data

« Variational bias correction

« Aircraft data vertical thinning/temperature bias correction
« Sonde observation error

« Satellite observation error
 Ensemble BEC ratio (upper tropical temperature)
« Localization of ensemble in hybrid data assimilation



Thank you for attention.



