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Abstract Experiments of assessing observation impact with a simplified parameterization AGCM model are carried
out to examine how the ensemble-based estimation method proposed by Liu and Kalnay (2008) (LLK08) can be ap-
plied to the state-of-art models. The results show that LKO8 can successfully estimate each observation’s impact at
once and then the impact values can be simply summed and grouped according to various types of observations or dif-
ferent areas. Although the summed observation impacts for the two hemispheres are similar, the individual observa-
tion impact in the Southern Hemisphere is much larger than that in the Northern Hemisphere due to the sparse ob-

servations there. The impacts for different observational types are also different. The estimated total observation
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impact accounts for 70%-80% of the actual impact and captures the variations of actual impact very well.

Key words observation impact, ensemble, local ensemble transform Kalman filter (LETKF), SPEEDY model
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Fig. 1 A schematic of the impact of observations assimilated at time 0 on forecast at time ¢
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(a) 500-hPa u impact (b) 500-hPa v impact
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Fig. 2 Global distribution of observation impact averaged from 0000 UTC 1 Feb 1987 to 1800 UTC 15 Feb 1987
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Fig. 3 Background error for 500-hPa u averaged from 0000 UTC 1 Feb 1987 to 1800 UTC 15 Feb 1987
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Fig. 4 (a) Time series of vertically-summed total observation impact for the Northern (solid line) and Southern (dot-solid line) Hemi-

spheres (left ordinate), and averaged observation impact for the Northern (dashed line) and Southern (dot-dashed line) Hemispheres (right

ordinate) ; (b) time series of background energy errors averaged for the Southern (solid line) and Northern (dashed line) Hemispheres de-

rived from Eq. (17)
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Fig. 5 Vertically-summed observation impact for the Southern
and Northern Hemispheres averaged from 0000 UTC 1 Feb 1987 to
1800 UTC 15 Feb 1987 (units: J/kg). Vertical ordinate: the nega-

tive (positive) stands for the observation impact (data number)
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Fig. 7 Globally- and vertically-summed observation impact estimated by equation (20) (dashed line) and the actual forecast error reduction

from equation (18) (solid line)

worhr. RGBSR BN IR REE T T
HIMRAIRB, — RGN I R S
A IR 2Rt . SR B b SR
QO R T AW GO BRI ARG 7
ORI [F) SRR Y BEAT L5 0 i A3 BIS5E . 7
GORMEARIRHKL b T RE BRI T RSB
Ji LA GO Wi P AR X /N HLAT TR A B AR TR
HIPIRRIX oh T BORHG i  EUR R 7 57
2E» MU BOR MBI B2 R Sl (RIIE
HR s T SPEEDY-LETKF RG4S & %t K71
PR B - P EURS M S v o 7 B
SEMAPERAR R — 0 . FEfa A R ER B, 3
1B BN 7 15X ORI PEAN 2 A 20 . WL
W A1 O A AL ) A1 28 2 22 e REAR et 0 1 S B
PiHRIRZE 22 HE S

e 2 Ag 2, LKO8 $F-# 7 ik i 15 2 i ¥4
LR Y BT R GE . AR PR ARG H T
B AET-Be . W B R AN R, i ] KOS 12 1%
LS AR, A S i 1 SPEEDY-
LETKF RGEAR T 52l 55 82, [R) 4 i B2kt
WA (LR T8 R ) PR s 5L T A5 3] 1Y
AN TR 52 e P R 2518 CAn JRU3Z U830 5 ey 4 KT T
Y. md e AR 2D HaE T R S
TSRl 55 B A — 7 AT

TEE 7 v, FRATTE BLEAIN Bk w1k H RE
BB E IR ZEZEFMW 70% ~80%., X Fh ik i 16
Langland and Baker (2004) B3¢ ipdnglidt i, H
AT RE A S5 P 2 Hy TR AR S R I AR A AR
W TETT I Gk M P IR 7K VB 52 i P 22
o7 AR R B LI AR o P Y R O S o T



41 FELE . ETHEA NGRS m T
WANG Qin et al. Ensemble-Based Estimation of Observation Impact— Simplified AGCM . . . 801

No. 4

i 5 AGCM 11 BUAR A

XA S BT ik AT VAN, A9 B Rl
o KRR T QLK 5.
BARAL A R] RE IS DR 2 R AL 52 A2 L BR8N
(L=41) MG (AR5 WL S B 52 1 1) 10 [
A U DX Il S S0 B4R 2 BN R Y R
f5, PECEAAETHE RN PRI SEERR T R
L=5 s A A e b ma A g ek 1 (]
AREE )+ U BT R R R 0 AR A R T S A
THEmE . HIE RERCRIBCR A2 T, i
TEA AL AT Ry 42 3O fE
KR BAHIR R LKOS LA PEHRE ). [ SUANRE
((NEIkt ey € =S SRILPIN P 3t DIlIE SE g At QR (X}
PR B L TR BT

[A] LBO4 % —HE. LKOS ¥kt fig AR 4k 52 i 1 11
IEGOR BTN SO i . ABFSEH . T4 %E
ORI R R 22 AR E 1 RBRE—1, Tk
K LKOS YA X — 1. FAT7E T —20 5 LA
2 A % MR & — TRl A T RIS

Sk (References)

Chahine M T, Pagano T S, Aumann H H, et al. 2006. AIRS: Im-
proving weather forecasting and providing new data on greenhouse
gases [J]. Bull. Amer. Meteor. Soc., 87: 911 - 926.

Danforth C M, Kalnay E, Miyoshi T. 2007. Estimating and correc-
ting global weather model error [J]. Mon. Wea. Rev., 135 (2):
281 - 299.

Goldberg M D, Qu Y N, McMillin L M, et al. 2003. AIRS near-re-
al-time products and algorithms in support of operational numeri-
cal weather prediction [ J]. IEEE Trans. Geosci. Remote Sens.,
41 (2): 379 - 389.

Hunt BR, Kostelich E J, Szunyogh I. 2007. Efficient data assimila-
tion for spatiotemporal chaos: A local ensemble transform Kalman
filter [J]. Physica. D: Nonlinear Phenomena, 230; 112 - 126.

Langland R H, Baker N L. 2004. Estimation of observation impact
using the NRL atmospheric variational data assimilation adjoint
system [J]. Tellus, 56 189 - 201.

Li H, Kalnay E, Miyoshi T, et al. 2009a. Accounting for model er-
rors in ensemble data assimilation [J]. Mon. Wea. Rev., 137.
3407 - 3419.

Li H, Kalnay E, Miyoshi T. 2009b. Simultaneous estimation of co-

variance inflation and observation errors within an ensemble Kal-
man filter [J]. Quart. J. Roy. Meteor. Soc., 135; 523 - 533.

Liu H, Zou X. 2001. The impact of NORPEX targeted dropsondes
on the analysis and 2 - 3-day forecasts of a landfalling Pacific win-
ter storm using NCEP 3DVAR and 4DVAR systems [ ] ]. Mon.
Wea. Rev., 129 (8): 1987 - 2004.

Liu J J, Kalnay E. 2008. Estimating observation impact without ad-
joint model in an ensemble Kalman filter [J]. Quart. J. Roy.
Meteor. Soc., 134 (634): 1327 - 1335.

Le Marshall J, Jung J, Derber J, et al. 2006. Improving global a-
nalysis and forecasting with AIRS [J]. Bull. Amer. Meteor.
Soc., 87: 891 - 894.

Molteni F. 2003. Atmospheric simulations using a GCM with sim-
plified physical parameterizations. I: Model climatology and vari-
ability in multi-decadal experiments [J]. Climate Dyn., 20; 175 -
191.

Rabier F, Klinker E, Courtier P, et al. 1996. Sensitivity of forecast
errors to initial conditions [ J]. Quart. J. Roy. Meteor. Soc.,
122. 121 -150.

Rohn M, Kelly G, Saunders R W, 2001. Impact of a new cloud mo-
tion wind product from Meteosat on NWP analysis and forecasts
[J]. Mon. Wea. Rev., 129 (9): 2392 - 2403.

A 7%, RSFEE. 2006, 238 KA A OB OB A
I B sz 1] KRAFH, 30 (1): 93-107.  Sheng C
Y, PuYF, Gao ST. 2006. Effect of Chinese Doppler radar data
on nowcasting output of mesoscale model [J]. Chinese Journal of
Atmospheric Sciences (in Chinese), 30 (1): 93 -107.

FARGE, PIEAR, i SCZE. 2005, 230 RHE SRS ATE A2 500 U4
R EETE ()], K424k, 63 (3). 351-358. Wang D L,
Liang X D, Duan Y H. 2005. Impact of four-dimensional varia-
tional data assimilation of the cloud drift wind data on tropical cy-
clone track numerical forecast [J]. Acta Meteorologica Sinica (in
Chinese), 63 (3): 351 - 358.

Xiao Q N, Kuo Y H, Sun J, et al. 2005. Assimilation of Doppler
radar observations with a regional 3DVAR system: Impact of
Doppler velocities on forecasts of a heavy rainfall case [J]. J. Ap-
pl. Meteor., 44, 768 - 788.

Zapotocny T H, Menzel W P, Nelson J P, et al. 2002. An impact
study of five remotely sensed and five in situ data types in the Eta
Data Assimilation System [ J]. Weather and Forecasting, 17: 263
- 285.

Zhu Y Q. Gelaro R. 2008. Observation sensitivity calculations using
the adjoint of the gridpoint statistical interpolation (GSI) analysis
system [J]. Mon. Wea. Rev., 136: 335 - 350.



