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Atmospheric Temperature and Humidity Profiles Physical Retrieval Algorithm
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Abstract: To facilitate the application of the data from the future microwave instrument, which is planned to be
used for China’s next generation geostationary satellite, {irstly, the peak altitudes of the weighting functions of 50~
60 GHz and 183 GHz microwave channels for monitoring the temperature and humidity are simulated. It is found
that atmospheric scattering is of significant impact for these channels, especially near the ground, and this effect
should be treated carefully in the future data usage. Secondly, a physical one-dimensional variational (1DVAR)
retrieval algorithm is proposed to obtain the atmospheric temperature and humidity profiles. Due to lack of
geostationary microwave remote sensing data, in the single point retrieval testing, the data from ATMS (Advanced
Technology Microwave Sounder) which is boarded on the USA new generation weather satellite Suomi NPP are used
as the testing data, and RTTOV is used as the forward operator. The results show that the surface parameters have
an obvious influence on the brightness temperature, in particular for the surface channels. Meanwhile, the retrieved
temperature profiles are close to the background field, which indicates the importance of the background in IDVAR.

Keywords : microwave; weighting function; temperature and humidity profiles retrieval; one-dimensional variation

Hﬁ%

PER R Z— 5 US89 A XL L 25 R R R )
EAE 2ot BN B3 B W 7 i e R ke 2Rk

il s
2 SRR 3 [ W 22 43 14 i M X T O 6 32

N

Wi EH2017-11-20; & [ H #§ :2018-02-08
BESTE . BHE AR E W H (41475040) 5 F ¥ T ILA A %135 H (17P]1403400)
TEE® N £ #1988, 5 4, W 7 v Sy i AR



LE i

X
74 AEROSPACE SHANGHAI

%5 35 % 2018 4E4 2 1

A TR A v A8 v R R %o i e K AR TR T
RAEEE S, T L0038 AR I 25 R R
T G0 X 2 R R — 5 SR B RE T - Rt BB
T JEOE I R K FE RN EE T RZ —,

B H A 2O R e R TR A |
AR TR BAT A (S S PR A A
BAPS TE 125 5 4 0l 12 Xof v /0N RUBE 22 T R 5 X0 i 55 K
PR AR 22 A8 W B S M AR S O R, iR T
SR E DT A @ 12 b B SR SR BRIy
28, EE 5N (] [A] R AL {503k 6 b, IS ] 73 % 238 T 1k il
JEXF G R A M EEOR . R TR R BUE Y R
BRI g AN 2t DR 2R T SR B AT S R T
Bro SCERE3Jrb 4 Hh A 0 1k B0E B IS 47 0 1% 2 A
GEM(Geostationary Microwave Observatory) [ 1%
RV AR R 2~3 m R ) v 4 0 1
/N T R RPN BRI B GOMAS(Geostationary
Observatory for Microwave Atmospheric Sound-
ing) T3 FH MBI BE . 2006 AR E 3 [ [
FMA FFMUR (NASA) 1) 3 F5 T, SCHERL7-8 T i
T T A LR O 8 9T T GeoSTAR (Geostation-
ary Synthetic Thinned Aperture Radiometer) , %%
T i A LR A WM ) GAS (Geosta-
tionary Atmospheric Sounder) 3 % 5% F 2% 10l % i1
D3 SRl g R R S R B B B R 2R M A e B 4y
ISR AE 7 58 5 BRAR I A% 2% 2 10 52 A 1 A AR XU B it
A H T 3 E A IF R T R 0 O B Bt
H TAE, BE4RIE A GIMS (Geostationary Interfer-
ometric Microwave Sounder !, i% % i 7 2 R
AT WG ARG T E.

B T R AR D B E B O 50~60 GHz 4b i)
O, W Wi 38 5 ] 0 18 B 00 e JE S 183 GHz 1y
KR MR E 56 E RS A F R AL Ay AM-
SU/MHS ( Advanced Microwave Sounding Unit/
Microwave Humidity Sounder) #1 ATMS ( Ad-
vanced Technology Microwave Sounder) ™ ] {ii
Pl 2 ASIgleir g . BRPL b 2 A W G a8 Z Ah 7
118 GHz M1 425 GHz Wi &by O, W i 18 [F AL B 4%
—E IR EE T o R E X s =5 C B
EEWRERPIR TR BT 118 GHz i iihl.
£ ) D G D I =l i = - - o S 7 A
325 GHzAb i H, O W Yiid 3 o o] F 7 2R 00 K<
JE o AR Y e A P T X R S 5
BRE ) BT R R A ROT 8RR 2k HB B A

it LR BT e b AR T AR T B RRE MY
ARG EOR . B A ] 3 K P 2 R AR
T 85 PR 300 T T AR BUIE B R T RE .

TR DU 1R R TR 7 B B
DU T TR % 5 DA 4R o T 0 O M R A
N0 FAT B 3 T R il 1 S R 2 L I 5 B
AR A5 E s 0 ] B I, R ALl T
— I T — 0 g i R A AT A Y TR S T
FVE . IR B R R 1k B0 IE GO AR g T RE SR
50~60 GHz j B #0038 38 F1 183 GHz 8 B I i
B, IZ @ 18 5 26 E Suomi NPP (National Polar-
orbiting Partnership) #2819 ATMS tH 1L, H ¥
TR Z S BBIE R 1S R S (YRS S P 7 O b W7
L ATMS Bk iR 50 0t P R se . toh. T
fiF ATMS 818 X 25’ ORA0RY 2800 M g, 7 [ i 2
T 1) PR A S A i 85 R0 1 A () 2 W R A
ATMS 438 18 A48 I B0 o 2

1 BT *

1.1 ATMS £(18

£ B — K4 LA Suomi NPP F 2011 4
10 4 28 H RS T2, H E# 800 ATMS BHA 22
AR E S 1 RIS 2 G E T 4R A IR R
JE 28 B T i K VRO R I R R AR B A 3~
15 3@ 8 TR AR BRI L 55 16 ~22 WEH T K
AR, 5 R AMSU/MHS # [, ATMS 37
W7 51.76 GHz W BF £ I 38 a8, (183.31 +
4.5) GHz#(183.3141. 8) GHz i 4 Il & . 3
H 89.0 GHz % X i % & 88.2 GHz Ml %,
[k AMSU/MHS, ATMS H 4 5 58 iy X i@,
2 500 km, b AMSU $" & T 3E 400 km, 7] if AT-
MS B & HHMLA 96 S HEH S T AMSU-A {UH
30 AN HAH A MHS AUA 90 ASF14 2 il ATMS #]
A S R Y &S B A R A S R

1.2 EHEEEX

AKX H RTTOV (Radiative Transfer for
TOVS) Ry KAHT M R F . RTTOV 2y 20 fH 4
90 4 ECMWF H & TE4L TOVS WL % 8} iy
R AR, gt 2kt L B B R 4 AN R
U 3 Y S 0L B8 . TR B 2 O AR B (RT-
TOV_SCATT) a] 47 Wi B LA = 25 14 F 19 KA 4E



2 35 % 2018 4E48 2 1

O AR ERBOE AR R

J3E W) B R TR T 5 75

SPRBL.RTTOV HATC BB £ 12. 1 A2
I T AR i SRR R AR A5

2 —YEAE o AL
— YRR Gy (AR B e P A A b BE R AR
L7 A N [ 5 AR/ 11 & 10
Bz . Eﬁ@ﬂiﬁﬁkﬁ?ﬂﬁqﬁgéﬁﬁrﬁﬁ
BB TR KRS EAE R — DR AT 2% AR % . 7]
Hﬁ%ﬁ‘?ﬂiﬁﬁﬂﬁﬁf‘ﬁgﬁ%%vF%ﬁfi@ilﬁ’)fﬁﬁmf .
BB S i L 158 2 T 55 37 1% 25 AN AH G SO AR
R EOE
Jx)=(x—x)"B '"(x —x,) +
[y—y) 'R '[y —y(x)] @b)
Arex AT EAGT R R AORE W & x HHF R
;B N RIRZEW 2, B R NMC Jf
TR0 MASE A [ e i) 8 A T B 2 95 4 4 ik A 2
y LI ] S5y Coe ) Sy B S A% i i R AR AL (i RS
PRI 2000 I 37 B e 55 2 A s R OSA LI 5% 25 P Ty
22, RO 1 HLRE RIFIRE 5 2 LR
MR 2= . ACHT BRI AT H 2R 001 3 40 45 3
X, 1 =x,+BH,(H,BH] +R)"'
[y—y(x,)—H,(x, —x,)] (2)
J:EP H,=V.,y(x,).n BERERE, EERTRES
I AN T R R B IR B SR R E AR
Jﬂﬁlﬁlﬂ’ﬂ x RISA WL e g 6 R ) OR AR AS . R A
R E 1 Frs, K H NWP 50 R A R

2.1 HIEHLE

A 5T S R T WRE v3. 9 ${E A6 X B4l &
N S T 5 5 e T (R R SXGE R O ML Y 22 4
JEE A% 190 T I 2 L0 K ) R T AR T A R e R
I A8 LT 2 2 1 SO 4R 00 =3 18] 3 H 3 A2
T 0 3 AT AR DL BC . A BT ST R =S
(] R AR (7 % » X 9 S S AT A L DA DC e T2
WL R o (BT B 2 » R R i 1k I el e 2 U0
T 3 O 00 s ] ] o L o S 9 LA oy ) s X
AR ] 15 559 A SO IR AR AR T 5 7% 1&
i P o s 225 0 R 14 A 2 3 DXl 55 AR A X A
a5 L O SO T R R .

A L T ARl A S A5 T T R T EE N ]
HOWI A7 2 lﬂ%%?ﬁ@%ﬂﬁﬁ#?%lﬁl n AT-
MS 58 1.2 BEWRTEE N 5. 2°, 55 3~16 i

=

1

s

e
~ IDVARMEH:

1 —#THYBEREBEEERER
Fig.1 Schematic diagram of the physical
1DVAR retrieval algorithm

2. 20 55 17T~22 5@ IE Ny 1. 17, WCTE #EAT S i
X ATMS AT #UIE 47 BER DT L . A SCfd F NWP-
SAF #.0 & ) ATOVS and AVHRR Pre-pro-
cessing Package (AAPP) X} ATMS 47 i i 43
R ICHL % AR ] Backus-Gilbert(BG) 8% .

it 2 2 Bk 32 28 T 25 B i S A% i A XA 40 L
S AH 2 8] B FR 8 1R 25 A ST LR A 5 R
MBEA TR I 9 1 11 HE 14 H ATMS &
I R ACR S EE 7R R AR ATMS WL %5 [ DL
T DX 38, A H LA ] A A SR B4k 250 4%, R RT-
TOV B BB 2R AE . X iz e B S AT-
MS UL % 3k 5 DA 16 DG e 5 3 25 B ATMS 54l
P14 Qi 225 (5 5 DL R 08 00 7 2 44 g 22 O

2.2 RiEGERE

B B B — 55 (B mT A S 3 AR A A o b ik 3]
WS AE H AT E 220 ATMS S =R )
Bl %54 E T, i NOAA B9 MiRS I NUCAPS
ARG YR A4 50 30 G 10 07 125y B o R B A
— I MRS DE AIRS KA BREE )y
FEAE T U TG T O RO AR A — A
1B, 45 5 2 L B NG B A B B 4R T R O I
RAE ATMS s A5 2 6 H .

AR SR H R 2 P 24 B 0 Ay B T AR AL A



LE i
76 AEROSPACE SHANGHAI

PN
%5 35 45 2018 4F55 2 1)

. HARJ5 3y & X B X8, A A BP (Back
Propagation) #ff 28 [ £% X} §if — K (1) ATMS WLl 5=
TR R b MEAT S I 5 PRAF P2 K 1R R
T ATMS WL 5 4 A 28 4 28 R 2% 647 i 1) 328
B R AR S — 5. DR 0T T RS — 4G
fERRGEE L LA 2016 4F 9 H 13 H ATMS WL £ 41
FEAS SR 61 244 %53 1 A K £ 2047 U1 2k - Bl
Je RN TR 28 X% 2 000 4% 52 ik 3#E 47 0 38 5
Xof bb R A5 R 5 E Oy s ROBREE 22 R AE 0.6 K
AN KR ZE S AE 1020 DA, W 2 B .

10° 104
< <
& &
_q Y
,—:277\7
105: i = 20 10° ! “‘-T':rlﬁu
-1.0 =05 0 05 1.0 -0.10-0.05 0 0.05 0.10

AT/K

KIRZER (g kg™)

2 HEMKZE—HBES NOAAMIRSEAFREBEREER
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Fig.4 Profiles of atmospheric temperature, water vapor and cloud liquid water at the 15 selected locations
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Fig.5 Weighting functions of the channels 1 and 16 of ATMS at the selected locations
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