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Abstract The effect of Advanced Microwave Sounding Unit-A (AMSU-A) observations on
the short-range forecast in East Asia (EA) was investigated for the Northern Hemispheric (NH)
summer and winter months, using the Forecast Sensitivity to Observations (FSO) method. For
both periods, the contribution of radiosonde (TEMP) to the EA forecast was largest, followed by
AIRCRAFT, AMSU-A, Infrared Atmospheric Sounding Interferometer (IASI), and the atmo-
spheric motion vector of Communication, Ocean and Meteorological Satellite (COMS) or
Multi-functional Transport Satellite (MTSAT). The contribution of AMSU-A sensor was largely
originated from the NOAA 19, NOAA 18, and MetOp-A (NOAA 19 and 18) satellites in the
NH summer (winter). The contribution of AMSU-A sensor on the MetOp-A (NOAA 18 and 19)
satellites was large at 00 and 12 UTC (06 and 18 UTC) analysis times, which was associated
with the scanning track of four satellites. The MetOp-A provided the radiance data over the
Korea Peninsula in the morning (08:00~11:30 LST), which was important to the morning fore-
cast. In the NH summer, the channel 5 observations on MetOp-A, NOAA 18, 19 along the sea-
side (along the ridge of the subtropical high) increased (decreased) the forecast error slightly
(largely). In the NH winter, the channel 8 observations on NOAA 18 (NOAA 15 and MetOp-A)
over the Eastern China (Tibetan Plateau) decreased (increased) the forecast error. The FSO pro-
vides useful information on the effect of each AMSU-A sensor on the EA forecasts, which leads
guidance to better use of AMSU-A observations for EA regional numerical weather prediction.
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Fig. 1. The ratio of ATOVS AMSU-A radiance observations among the total observations assimilated for (a)-(d) NOAA 15,
(e)-(h) NOAA 18, (j)-(I) NOAA 19, and (m)-(p) MetOp-A. The first, second, third, and forth columns are the ratio at 00, 06, 12,
and 18 UTC analysis, respectively. To calculate the observation impact in the black box (25-50 N°, 100-150, 100-150 E°) in
East Asia, the observations over the grey box (15-60 N°, 85-165 E°) is considered.

+ Lorenc and Marriott (2014), Joo et al. (2013), Kim
and Kim (2014)° Z7l= o] gt}

JROAHx - x: = FF F e Aohe Az
AR normE o]g3te] ol 2 (1)} o] xdd
%+ e,

e=(x-x) PlCP( - x,)

2
_ 1 1 2 2 PE R
= = pu” +pv” + =26 1)
Mdomainj.”2|: 92N2
+ Lz’z}dxdydn,
pc
0:17]}\—1 MdomainE— Eté] ogg :617]94 é%}:’ NZE l?—
g 55 A 4, g8t = 47 Y iEEe
& AFolth. =& p, u) v, 0, pE 47 ¥ W

i

=oh 9wk, 291, 7198 dEeAtelt ¢ A
ANHA norm®| 2, Al B x}= AP Ty L (P)
AR = A Qe 5 AT ALt
ATt AMSU-A BA#ZE 229 #do] gl

= F-o| g7l Wl HZ YA normE A}
At} o] AFoME Td HdE AA 2o &
T A Aol wolzE IEEA] %] fI8iA,

2 op ofy o) to kX

rr ok

Gelaro et al. (2010)3} Lorenc and Marriott (2014)2]
A% A} FAH AXLHTE 150 hPaZbA] ol A 1k
2 ()2 ARteglnt, B3 £8H 02 59 25-50°
e 57 100-150°1 slFsh= Fobrlof A olA
Ashs dEeARe IS thFig. 18] H& ¥k,
) & FlenR, I AAT FERd
o] 42+ WHEAEE3 Al AEEE A 3
(xS 3 o= ARSI
HAY AR TAaFge A= F3tsly] odx
S8lgt o] %o AXtEE G R O3} o2 9] WS
om i), 24 grolla HEE dre 93 (-x)"
P'CP(x"—x)o} vl7 gholl X AEHE dlne] o3} -
x)P'CP(x" - x,) 7+] Apol& A2t=Em ol 2] (2)9F
Kdg=3
de = (x" - x)'P'CP(x" - x,)
- (x"-x)"P'CP(x"-x,). @)

AR FERAGN IS5 IA=E A o
HAY mddA 2o 5 3G,
E, T8 €9)ES 9Y FIAE)R desela &
Eﬂ 1%]—‘\0? EH}?:}EE "Hﬂ‘:}s}&] xfa_xtg]_ xfb_xt% 7%]}1\1'
st ZHHS swiet sw/”®E E A& TH(Lorenc and

Atmosphere, Vol. 27, No. 1. (2017)



96 <Rk mdlo)] 71Rkgk ASFF TS o] &-slo] Fobrof Ao o] @] e ol AMSU-A AR S8} Pl A= 9 F 4

Marriott, 2014). 2219 2] (2)= o} 2] (3)z 2ol
iRl

e = (5w,) PTCP(EW + 5wy = (6w,)T(§—§), 3

AA714 Selwr= Sw, (=ow/ - dw/")ol thEk o ® o=}
Aol i glolth. 2] (3)S #ASFIolA HHsH
] S, dwe B35 SE@y)el tigt Hde] AN
£ AR&ste] ol 4 (49 ol 2AFE & (oo
et al., 2013).

dw, = M[x, + K(8y)] — M[x,]~MKGdy, “
oA71M M K= WAE X 2l S5 2 ARl
(extended Kalman gain)°|2l x;= #17 #tel™, M}
K= 272t s oi 2d3) ko] A3 Akxjolt), 2]
HE 2 3ol Hgshd, dEoar dAaws ol 2
(%) 2ol JZFA 2 5 o

e~ (MKSy) C(3wW + 5w'"). 5)

N

2 (5)2 #EJFolet s, BEIFL FA Y
o] S3lE #= gtk =P o2 AEHT) T def
8y = (MK) C(w/"+ dw/’y= ol Ze] #Zo] g vzt
EE #ESURE)H sl #E2YGES A= u
AL EE A% R BYo uAy Rl or 77
& we APy, A 5 e o
o2x w7 Folld ARE oB #AF, BA gholA
AR R AA, F or AF Atole] Ha #HH o)
ek, AR EdrdoMEs He A4S gepA A
otE A5 du 2YL 088 o) AEHE £ B
Zgfo] MAY R oA} FAaTS T A 2

it A4S wE #59de At

2.2 AMSU-A SAlZE X2

vl el = Ax I NOAA 15, 18, 19, MetOp-
Al F§AE AMSU-A AM+= A =3¢ t7] 43
TZE F A7 oldld 5T & Ut} o]F o]fE
AMSU-A AA = W79 E4ES AF3sH719 w9
£3ltH(Liu et al,, 2012). Figure 12 97 717+ 3 00,
06, 12, 18 UTCo| 7143 43 HEAZF3A 28
o] 53E F #= F 5 AMSU-A EALHZ 5= 4]
&9 3 EXZ AMSU-A AX7F &A1 = A%
]

o9& #S53) F3EE AMSU-A 2SS A8 1)
&9 9 £EE AMSU-A SARES0] F3hHe £
A Aol weh F O RER R S Y, o

= 003} 12UTCO F3te #2(FZ NOAA 159}

71448k 7] #2715 (2017)

=

MetOp-A 9149 &= 247)9 % EE(Figs. la, c,
e, g i, k, m, 0)°]2, T-& dh= 0637 18 UTCO &
3lE F=(FE NOAA 183} 19 9149 #= #7)9)
49 E3X(Figs. 1b, d, f, h, j, I, n, p)°It}. & AMSU-
A9 F 7R #= B e e F Ax 940 5
orlots Aube A7 fJAI9F AHo] Sk o] AT
o ME 12k HEH (Rodgers, 1990y o|-&3l] FH
A7 F5 A Fere] AMSU-A 4-14% IS &
A Argk & 719 A4 A85E sk, 94
of gAe AMSU-A ol =t 23 Ade &Y
&8 Eo] AREEA] 49kt World Meteorological
Organization (WMO)2] A32el] w2} NOAA 159014 &
4, 6, 11-14H Ado], NOAA 19914 & 8 Afdo],
MetOp-AcX= 74 Ade] E2d =Yk Egt
T899 FFgFS Be EAGS(AMSU-A 1, 29 A1)
£ AHEst] Bl A EE EES MAAskE
o, o]Z Rlsjx &5 AFell U= AMSU-A 53 Al
g A5 9HE F7IE 53 & 5 A EATK(English
et al., 2007).

3.4 1

3.1 ‘SOlAJo} ol =0l CHE SOofAloF X|2do &N
& SA

ZolaJo} 2o (FH9] 25-50°, 7 100-150°°] 714
&2 F4E9] TS A et o] ATl 4
X} ZrAawre B9 25-50°, 7 100-150°Fig. 19
k2ol s gshs A HollA] Albeta, dR.e
2} zHAadel] gk #AE5P TS dHoXE AL A

h h
ZGge S 45210114 6, 7, 8¥)F Rk
AZHQIE 12€, 20129 1, 29) 59 6X7F 7H4
o] RE B AHM &S], AFEE SAXE

AZFEF AFHE ol gst HASFFS A9 2
o] d(e.g., Cardinali, 2009; Gelaro and Zhu, 2009;
Gelaro et al., 2010; Jung et al., 2013; Kim and Kim,
2014)9} MIRZIAIZ 71 AT BEEY A|2E
A X %= AMSU-A HAF #Zo] A A o HAE 7}
7 @o] 7+ 71EH, AMSU-A &2 23 A X
T A B QA ZATAMSU-A BH=G3hHhe AL vt
FAE A A Tl F2 AL ATHKim,
2016). RFA0|, Folro} R o] o B O x} 7hanel| 7}
2o 79 E 3 #= T2 A FAgle] FHe &
H(TEMP) #5202 Yelsth th& #5599 9
AFEZ o224 velgtsd], oSdE AIRCRAFT,
AMSU-A, 1ASIPF # w5tal, A&l AIRCRAFT,



TEMP
AIRCRAFT
AMSU-A
IASI H
MTSAT
MFG
HIRS
ASCAT
BOGUS
SYNOP
BUOY
GPSRO
PILOT
SHIP
AIRS
COMS o
SsSMI/s
MHS
PRFL ren

|I
I

e T o T
>
@
I RRRRRnnnnnnineen}]

Total Impact [J kg™ day™]

-ZEn] 97

b

0 1 46 48 50 52

Fraction of beneficial observation [%]

Fig. 2. (a) Total impact of observations and (b) fraction of beneficial observations for the NH summer months (grey bar) and
NH winter months (black bar). The dark gray error bar in (a) represents 95% confidence interval considering realistic correlated

sampling error in Kim and Kim (2014).
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Table 1. Abbreviations for the various observation types.

Abbreviation Description

AMSU-A Advanced Microwave Sounding Unit-A (radiance)

MHS Microwave Humidity Sounder (radiance)

HIRS High-resolution Infrared Radiation Sounder (radiance)

MFG Meteosat First Generation (Meteosat-7) by European Organisation for the Exploitation of Meteorological
Satellites (wind)

MTSAT Multi-functional Transport Satellite (wind)

COMS Communication, Ocean and Meteorological Satellite by Korea Metorological Administration (wind)

ASCAT Advanced Scattermeter (wind)

IASI Infrared Atmospheric Sounding Interferometer (radiance)

AIRS Atmospheric Infrared Sounder (radiance)

SSMI/S Special Sensor Microwave Imager/Sounder (radiance)

GPSRO Global Positioning System Radio Occultation (bending angle)

TEMP Upper-air observations from a radiosonde (wind, temperature, specific humidity)

PILOT Upper-air wind profile from a Pilot Balloon (wind)

PRFL Wind profiler (wind)

AIRCRAFT Upper-air wind and temperature from aircraft (wind, temperature)

SYNOP Land surface synoptic weather observations (wind, temperature, surface pressure, specific humidity)

SHIP Sea surface weather observation by ship (wind, temperature, surface pressure, specific humidity)

BUOY Sea surface weather observation by buoy (wind, temperature, surface pressure, specific humidity)

BOGUS Bogus observations generated by national meteorological centers (wind)

Ao} Q9] w3t A
Wod b2 1Y, 89 007 12 UTCY 53}
MetOp-A AMSU-A 533} 611 2§ 3 €] 7|47} 7H¢

32, Agol= 002 12 UTCOll &3k MetOp-A AMSU-
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Table 2. Total impact (J kg’l day’l) and beneficial observation (%) of AMSU-A channel 5, 6, 7, 8, and 9 of NOAA 15, 18, 19,

and MetOp-A for all analyses time over the land and ocean.

Land Ocean
Total impact Beneficial ratio Total impact Beneficial ratio
( kg day™) (%) ( kg day™) (%)
#5 - - -0.364 54.67
NH summer #6 -0.254 51.19 -0.293 52.97
mol:nhs #7 -0.068 50.00 +0.005 48.67
#8 -0.135 50.14 —0.060 50.02
#9 -0.035 50.67 +0.045 48.69
#5 - - —-0.229 51.40
NH winter #6 —-0.103 5221 —-0.019 50.53
e #7 ~0.179 51.24 -0.027 50.12
#8 +0.105 49.16 —-0.018 50.19
#9 +0.031 49.41 +0.008 49.59
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90E 100E 110E 120E 130E 140E 150E 160E

Fig. 5. Horizontal distribution of time-averaged total observation impact statistics (shaded, 10~ J kg™" day™) for the AMSU-A
channel 5 of (a) NOAA15 (00 and 12 UTC), (b) MetOp-A (00 and 12 UTC), (c) NOAA18 (06 and 18 UTC), and (d) NOAA19

(06 and 18 UTC) with the mean sea level pressure (black contours, 4 hPa interval) in the NH summer months.
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Fig. 6. P-value (shaded, %) for the AMSU-A channel 5 observation impact of (a) NOAA15 (00 and 12 UTC), (b) MetOp-A
(00 and 12 UTC), (c) NOAA18 (06 and 18 UTC), and (d) NOAA19 (06 and 18 UTC) in the NH summer months.
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Fig. 7. Horizontal distribution of time-averaged total observation impact statistics (shaded, 107 J kg™' day™) for the AMSU-A
channel 8 of (a) NOAA15 (00 and 12 UTC), (b) MetOp-A (00 and 12 UTC), (¢) NOAA18 (06 and 18 UTC), and (d) MetOp-A
(06 and 18 UTC) with the geopotential height at 500 hPa level (black contours, 40 m interval) in the NH winter months.
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Fig. 8. P-value (shaded, %) for the AMSU-A channel 8 observation impact of (a) NOAA15 (00 and 12 UTC), (b) MetOp-A
(00 and 12 UTC), (c) NOAAI18 (06 and 18 UTC), and (d) MetOp-A (06 and 18 UTC) in the NH winter months.
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Fig. 9. Horizontal distribution of time-averaged total observation impact statistics (shaded, 107 J kg™ day™) for the MetOp-A
IASI of (a) 06 UTC and (b) 18 UTC with the geopotential height at 500 hPa level (black contours, 80 m interval) and the
topography (gray contour, above 3000 m) in the NH winter months.
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