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Abstract In this study, we analyzed and developed the monitoring system in order to confirm
the effect of observations on forecast sensitivity on ensemble-based data assimilation. For this
purpose, we developed the Ensemble Forecast Sensitivity to observation (EFSO) monitoring
system based on Local Ensemble Transform Kalman Filter (LETKF) system coupled with
Korean Integrated Model (KIM). We calculated 24 h error variance of each of observations and
then classified as beneficial or detrimental effects. In details, the relative rankings were accord-
ing to their magnitude and analyzed the forecast sensitivity by region for north, south hemi-
sphere and tropics. We performed cycle experiment in order to confirm the EFSO result whether
reliable or not. According to the evaluation of the EFSO monitoring, GPSRO was classified as
detrimental observation during the specified period and reanalyzed by data-denial experiment.
Data-denial experiment means that we detect detrimental observation using the EFSO and then
repeat the analysis and forecast without using the detrimental observations. The accuracy of
forecast in the denial of detrimental GPSRO observation is better than that in the default experi-
ment using all of the GPSRO observation. It means that forecast skill score can be improved by
not assimilating observation classified as detrimental one by the EFSO monitoring system.

Key words: Korean Integrated Model (KIM), Local Ensemble Transform Kalman Filter
(LETKF), Ensemble Forecast Sensitivity to Observation (EFSO), ensemble data assimilation
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Fig. 1. Schematic diagram of EFSO estimation. Both 24 h-forecasts from analysis and background are verified by using the
analysis at after 4 cycle. The difference between the errors is due solely to assimilation of observations.

Table 1. Experimental setting of our denial experiments.

KIM KPOP LETKF EFSO
Grid structure Cubed-sphere Lat/Lon Cubed-sphere
Resolution ~50 km ~50 km

Spin-up period

2018.12.22.1200 UTC~2019.01.13.0000 UTC

Forecast period

2019.01.12.0000 UTC~2019.02.06.0600 UTC

EFSO period

2019.01.12.0000 UTC~2019.02.05.0600 UTC

Denial experiment GPSRO

2019.01.13.0600 UTC~2019.01.15.0000 UTC
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Table 2. Information for the various observations type.

Observation type  Variables used Description
Sonde 0y, T, q Reports on pressure levels. ¢ is only below 5 hPa. Height converted to corresponding
pressure.
T, q, rh at 2 m. Height adjustment into DA resolution topography. Optional horizontal thinning.
Surface . .
uand vat 10m, Ps  Rejected over coastlines.
AIRCRAFT Tuv Mos'tly AMDAR and AIREP. Thlinmng with 11-mandatory levels along the
vertical, and 0.5-deg. along the horizontal.
AMV u, v Geostationary, polar and LEOGEO wind of IR, VIS, and WV channels.
Used if SST is warmer than 273 K, wind speed is lower than 25 m s!, and the
SCATWIND uand vat10m difference in Wd is lower than 90 deg.
AMSUA TOA brightness MW temperature sounding of clear sky. Used only over ocean with channels
temperature (TB) 5~14. Offline adaptive iteration BC method applied.
MW humidity sounding of clear sky. (All-sky radiance under construction) Used
MHS TB .
everywhere over ocean/land with channels 3~5.
ATMS TB Used on.ly. over ocean with channels 6~11 for temperature sounding and 18~20
for humidity sounding.
IR temperature sounding of clear sky. Used only over ocean. Offline adaptive
TASI TB . .
iteration BC method applied.
CrlS TB Same as for IASI.
CSR TB IR temperature image. Currently only COMS CSR used.
GPSRO Bending angle Uses banding angle with 2.5 km range tangent point drift and 200 m vertical

resolution.
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Fig. 3. Result of EFSO monitoring system during 2019.01.13.0600 UTC to 2019.01.15.0000 UTC. GPSRO is the worst

detrimental effect for forecast score used all of observations.
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Table 3. The results of EFSO impact of GPSRO by regions and cycles. Bold text is indicated better EFSO impact than default
experiment.
Default Denial GPSRO
Date
NH TR SH NH TR SH
1.13
0600 UTC —-0.0709 0.0082 0.1350 —-0.0530 —0.1446 0.1254
1.13
1200 UTC 0.1434 0.0736 —-0.0417 0.0986 0.0420 0.0063
1.13
1800 UTC —0.0621 —-0.0308 0.1503 —0.0685 —-0.0975 0.2334
.14 —-0.0218 0.0783 0.1107 0.0234 0.3141 0.0011
0000 UTC ’ ’ ’ ' ’ )
1.14
0600 UTC —-0.0023 —-0.0465 -0.2167 —0.0040 0.0554 —0.0815
.14 0.0195 0.1007 0.0703 —-0.0709 0.0383 —0.0905
1200 UTC ’ ’ ' ’ ) )
1.15
0000 UTC —-0.0093 —-0.0079 —-0.1076 —-0.0130 —-0.2012 0.0491
Sum —-0.0034 0.1757 0.1003 —0.0874 0.0065 0.2433
( a) EFSO Monitoring System (b) EFSO Monitoring System
,,,,,,,,,,,,,, — 1
IASI | q
= 0.40 r CSR
ATMS | w— SH - L CRIS
CRIS | —TH - 1ASI
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SURFACE | — ¢ ¥ v : AMV
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SONDE | —r ’ AIRCRAFT
— SURFACE
AIRCRAFT | —————— SONDE
TcBoGUS | e si| 040 ] [
JTR
GPSRO | Total ‘
060 040 020 000 020 5419 1.13,0000UTC 1.14.0000UTC 1.15.0000UTC
Total sum dJ [J kg™'] Total dJ [J kg™']
Fig. 4. Denial 10% of detrimental GPSRO by EFSO monitoring system.
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0600 UTCH-E] 2019 19 15 0000 UTC7HA] GPSRO A3 93-S F& 202 Yehkth webs o] A
#5 A5 T 717 e F S Table 30 4 A= B el F44 JdFE F= GPSRO #
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