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Development study of THz instruments for atmospheric sounding

Gao Taichang, Li Shulei, Liu Lei, Huang Wei
(Institute of Meteorology and Oceanography, PLA University of Science and Technology, Nanjing 211101, China)

Abstract: THz wave lies in the region between the microwave and infrared range in the electromagnetic
spectrum. There are unique advantages for THz wave in the space research and application field. THz
remote sensing instruments can provide a new perspective for the exploration of the earth’s atmosphere.
As a result, THz technology has a good prospection the field of atmospheric science. The main
applications of THz technology in the field of atmospheric sounding were introduced. The current research
status of THz atmospheric observation instruments at home and abroad were summarized. By comparison
and analysis of key parameters of each instrument, the development trend and the development prospect
of THz instruments for atmospheric observation were summarized. Meanwhile, the suggestions for
developing THz atmospheric remote sensing technology were presented.
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THz % J& 35 4 % AE 0.1~10 THz 35 Bl N 19 o8 7%
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(4 meV) LA B8R W 28 5 /8 1, il K 22 AR AE RS
PRI ST IR W 5| I KR g5 BT, R &
SR F e 200 AT UL RO A I B, AR T A
FEU, 21 AR A T AT DL Ml B s TSGR RO fE
P ML AN B TS5 R UBE BRI A ORI ARG 4
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2.1 2% THz KSIRMLEE

B B THz B AR R 2R AHRIMN 518 m] 36 ) 2]
20 22 60 AR FT IR B & 5 19 Cosmos R 51 T2 |
Hirf Cosmos—669(1974 4F) TLE #EH T — 4 K2 1
ZORPE MR PO RE, ZRAGEMEH T RARR
R SN PRI S A E B s R EORE | A e 0L I ] R AR
Wi 75 45 7 TR U T — g R, G T B [ R
300 GHz~5 THz, ZEHFME RZHEK . & K
SREE SR ZKIRI AT AR B, X5k Bk Y R
PR — R HEAT T IR LL A L EiE , 2 — U
THz AN H B R AHRI A 525 1978 4F | [ 7RIk &
SR Salyut6 25 [ FH#EAT T — 22K I i
HHE—AHAR 1.56 m [FE: R EMCBEITE . —1
3 BT S 4.2 K E @ E4E G, T
E O A b R ARGl T A R A G, L B S L
200 GHz~15 THz, ] [ i #4758 A1 20 A RN 21 4P
W Z B B R AR T R ARIR S A HOR WA
4 K MAIREIREE h T AR, HACREAE MR T P TAE
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1982 4F 2 [ [5 By %8 (DOD) 1 35 [ [# 57 5 v Fi K
S JRI(NOAA) 3247 DMSP-Block 5D-2 1151, Bt T
KA 2= KU A B ARy . H#E DMSP-F11
(1991 4E) DMSP-F12(1994 4E) DMSP-F14(1997 4F)
3 WA BT SSM/T-2 (k& it , 1T S
IR, Am Bt R 2 WE A 72, B
SHEPRTSE AL 7.5 R . TR SE TE P i A 2 4 )
“}3 91 GHz 150 GHz ,183 GHz, 7K 7%, 183 GHz 58 % Wit
ATz B 3 B0 W A i R R AT, DAL 5 B
FEAT R T 2RI B I, SSM/T-2 H&
ST AR T AR Ry A SR kb e, BRI
TRAOUWIGET AR A, R AT TR R R R
RGN BT AR SRE AR,

1991 4, 36 [ W<, 5l ) 5296 %8 (JPL) & 5 45— A~
T8 i 2 R T2 UARS A, B
H bR A V-0 )2 K B4 i o | fb2e el (R RR
0) B 1R OR0) DA S v () )23 RN B2 ) i AR
AT TR AR —SE I ORI BRI ER (MLS)
TR T A )R IR NG A A 25 5 o PR
JEE LB, B3935 463 GHz 183 GHz
205 GHz, 25— IR SEER 1 0 22 KU i i R0 7 iz =)
Herfr, 63 GHz 38 i F T -0 2 R AR B A B
183 GHz i i B Z M KR . RAM & &, 205 GHz
i IE F 2 AL S Y R AR DL
RAFMBESERSTEY, i THEARER, ZTET
2005 4E4F1EBAT,

1998 4= NASA K51 T-Hh R 2 80 ) SWAS
TR EH#EH A 55 cmx71 em [ 5] 15 ZE4% 18 B it B3
T U R L, RS T 2
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Z AR B AT AT R AR P 2001 4 S B |
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V. 2 DK IR A1 22 A ORI FH 0 b DR AW 1
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[ UEASIES 37 NI DR o IR 1 B BI= I 7 N SR A DB i
& .0,.CI0 \N,O HNO, H,0.CO NO X H,0 5 0, ity
[ {37 Z 10~ Odin/SMR X H 1] J2 1 5B K 75 14 S 5
TIFERTTARA 1Y, HO S ) T2 B4 T 5534 90 km,
AR 38 T AT R0 H AR AL S8 hR S8R 1,
#2PR,

% 1 Odin/SMR #EEEAXSEH
Tab.1 Fundamental parameters of Odin/SMR

channel
Channels Frequency/GHz Detectable objectives
Al 541-558 H,0,HNO,,0;
A2 486.1-503.9 0,,Cl0,BrO,HNO;
Bl 563-581.4 Cl0,CO,HO,,H;0,
B2 547-564 H,O

% 2 Odin/SMR{Y R EHRSH
Tab.2 Fundamental parameters of Odin/SMR

instruments
Parameters Value
Detectable height/km 10-120
Bandwidth/MHz 100-1 000
Spectral resolution/MHz 0.125-1
Vertical resolution/km 1.5-3
Noise equivalent 94

temperature difference/K

System noise temperature/K

600 K in mm wave,3 300 K
in sub—mm wave

2004 4F NASA % 5 AURA TL& , J&— P T8
MS-37Z ) Oy FHRZ R O, 515 W) K I EE A5 AL 1K)
TE™  AURA TR 4 DRSS, 730002 & 4
HER B S 48 HIRDLS | 22K BRI 28 MLS | 54
WAL OMI X ¥t J2 i 5 43 63+ TES™, Hir ) MLS
JETFE UARS/MLS [ 3ERE [ & sk i), R AE M T
THz AW , B TR ik (#i15 AURA/MLS
()6 TS L AN Ah 22 AR ST se A LAY 2, Ik
UARS/MLS 1945 9670 B4 58 6T 7 B g T4
I 1l 431 it | Ta)sE Aura B ASOAR 10 1 L AR B Bh
T PRI LT v DA 56 A — U AR i DXk, O HL
FEAZR (LOS) 77 ] Y K AJH S B NG B T 155 L AURAY
MLS {45 3 A . (1) GHz 48 SF it g, 40 4&
118 GHz . 190 GHz . 240 GHz 5 640 GHz # il #1i % 1Y)
WHTT 2 A PR AL Y 2.5 THz FR T (3) 5
it B, FEH TR KNS 23E OH  HO,
H,0 .0, HCl.CIO .HOCI .BrO .HNO, \N,O .CO .HCN ,
CH.,CN K 11115 % 1) SO, LA K VK 5 %5, Aura/MLS )
HARSHANFK 3 PR,

H 72 JAXA 5 NICT & 1E 6 5% (9 it i 280 2%
SMILES (Superconducting Submillimeter—Wave Limb-
Emission Sounder) & 7% T [ Br 25 [6] ul (Y JEM 451 B
L T 2009 AL A5, SMILES & U f H IR
W 7 A 2 AL WL AT A S 2RI, 7 i v £ 1]
TR R AV H R -4 G iR - R (SIS)4h
TRANES , LI T4 B BE 22 BL ) 4 B S aly , fff HoAe o

% 3 Aura/MLS I E KRS

Tab.3 Fundamental parameters of Aura/MLS channel

Vertical FOV

Radiometer Description Detectable objectives /km Remarks
InP HEMT T, P, ice clouds,
R1(118 GHz) 0 ee clouds 5.8
preamplifier and downconverter Geopotential height
Schottky downconverter at room temperature H,O, HNO,, CIO, N,O,
R2(190 GHz)  and the Gunn diode-pumped local oscillator O;, HCN, CH:CN, 4.2
multiplier chain volcanic SO,, ice clouds
The higher resolution radiometer
Schottky downconverter at room temperature 0. CO. T. P. i than R1, eventually detecting the
. i p
R3(240 GHz) and the Gunn diode-pumped local oscillator cl(?u ds ’HN’ o ’ ch 3.2 temperature profile by “0"*O
multiplier chain ’ oo absorption lines located at the
33.9 GHz
Schottky downconverter at room temperature ~ HCI, ClO, BrO, N,O,
R4(640 GHz)  and the Gunn diode-pumped local oscillator HO, . ice clouds, O, 1.4
multiplier chain HOCI, CH,CN, SO,
Schottky pl ide tube mixer, .
) c (.) y planar waveguide tube mixer OH. O,. ice clouds,
R5(2.5THz) automatic CO, pump, methanol gas laser local 2.1

oscillator

T, P
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N T A RS R 500 KW, SMILES A WFa] Y 3240 T & moks B i RE 24 508, 9 SIS IR

3 AR B, FEEHI T2 R AW LA & Clo
BrO HCl ,HOCI HO, H20, % i A il o3 BRI
P B B R AR H bR an k4 3R 5 s .

% 4 SMILES EiEEASH
Tab.4 Fundamental parameters of SMILES channel

Channels Frequency/GHz Detectable objectives
HNO,,*BrO,0%00,CIONOs,
A 624.32-625.52 H"Cl,H,0,,0,,HO*CI,
*000,S0;
B 695.12—626.32 0;,HNO,,*000,H0,,0"00,
’ b H*C1,S0,
. "000,"000,Cl0,(Cl10),,
C 649.12-650.32

HO,,0"00,*BrO,HNO;,SO,

% 5 SMILES {{ #1545 5
Tab.5 Fundamental parameters of SMILES

instruments
Parameters Value
Detectable height/km 10-60
Bandwidth/MHz 1200
Spectral resolution/MHz 1.4
Vertical resolution/km 3.5-4.1
Noise equivalent 0.4
temperature difference/K
System noise temperature/K <500

SMILES 7F 2010 4F4 J1 21 H iy T & ¥ 4 2=
TR R A TAE T 245 22 47, SR HAE LAY 2 4E

Was F A—K HLB 7 AR AE THz KR Al 47
PEFIIE AU S 1 HEI A0 B A R AP, H TS %
Wi R THz S5 R SRR RIS O AZ D B
AT FESIHIRZ R R  ESA Bt
MASTERMillimeter-wave Acquisitions for Stratosphere/
Troposphere Exchanges Research) #7— 1t 2 I 2 K
Wl AR A%, AR E 2 A T2 K9 5 WK
PP B, B R R = RS X R AR, WS
R SV RZE St B O T ARG RIA B R
it ARSI Z AL 13 5 A A B B R
SR, TR HOR R K MASTER H HIT i A K 5
N T Bk MASTER 9 Rl 514 | . 28 K A4 Be 1) 1 34
A K MASTER St 5@ 85 1 59 7 5K, ESA 7E 2007 4
W # T Marschals, Marschals J2&—/MHL#k 4 22 X0
ASC, SRR AR T3 PR 3 AL T 2 KB B
PRI RS, 5 AR N PR )Z HO 05 HNO;
NO.CO |0, Ty . HATHE N 21 km,
SBTFE R A AR, Marschals #IMASTER
R AR SN R 6 R 7R,

3 6 Marschals IBiEEARS

Tab.6 Fundamental parameters of Marschals

channel
Frequency L Spectral resolution
B D 1
and /GHz etectable objectives /MHz
B 294-305.5 O, N,O, O,,HNO;
C 316.5-325.5 H,0, O, 200

D 342.2-348.8 CO, HNOs, BrO

%X 7 MASTER BEEARSH

Tab.7 Fundamental parameters of MASTER channel

Band Frequency Detectable objectives Spectral Resolution/MHz Detectable Height
U t hy
B 204.0-305.5 0,,N,0,0,,HNO, Pper Topospiere
Lower stratosphere
Upper troposphere
C 316.5-325.5 H,0,0; PP posp
Lower stratosphere
50 Upper t h
D 342.25-348.75 CO,HNO,,BrO pper HOpospAEre
Lower stratosphere
E 497.0-506.0 ClO,0,,N,0,BrO,H,0,CH,Cl Lower stratosphere
F 624.0-626.5 HCI,0, Lower stratosphere
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5 MASTER 2 {8l ,SOPRANO (Submillimeter-
wave Observation of Processes in the atmosphere
Noteworthy for Ozone) /& H ESA #F & 108 —1 &
I3 BRI K P IR AR 45, L1 73 B 3 MHz,
W BESEREZI N 1.00~7.25 GHz, 3 B K21k 10~
50km, HeH ] A 494 i B2 R 290 14~150km!™!
HEZH B2 R rh & sy, S REN
0 0 et (AR HCERIN H bR FARUBE X RS TR bR 2
ok 8,49 PR,

% 8 SOPRANO HEEEASH
Tab.8 Fundamental parameters of SOPRANO

channel
Channel Frequency/GHz Detectable objectives
0,,Cl0,CH,Cl,(Br0O),N,O,
A 497.5-504.75
97.5-500.75 H,0,(HNO,),(COF,)
B1 624.0—626.5 HCl,0,,HOCI,(HNO:;),
’ " (BrO),(HO,)
B2 627.95-628.95 HOCI,0;,HNO;,(COF,)
Cl 635.6—-637.4 CH;(Cl1,0,,HNO;,HOCI1,HO,
Cl0,0;,N,0,HNO;,(H,.CO),
C2 648.0-652.0
(HOCI),(HO,),(NO,),(BrO)
D 730.8-732.25 T,0,,HNO;,(CH;Cl),(HO,)
NO,0;,N,0,(HNO;),
E 851.5-852.5
e (NO,),(H,0,)
NO,T,0;,N;0,(HNO;),
F 952.0-955.0
(HO,),(CH,CI),(NO,)
Cl0,0;,(HNO;),(HOC1),
Gl 685.5-637.2
> (H,0,),(COF,),(NO,)
CO,CH;C1,ClO,0;,HNO;,
G2 688.5-692.0 (HOCI),(HCN),(HO,),

(NO,),(H0)

(G MR RIS R A bR 1755 R 5700 /N84
T RRAE)
% 9 SOPRANO X =FiEHRS#
Tab.9 Fundamental parameters of SOPRANO

instruments

Parameters Value

Detectable height/km 10-50

Bandwidth/MHz 1200-2 000

Spectral resolution/MHz 3:1.5;0.3
Vertical resolution/km 2-4
Noise equivalent temperature difference/K 2.5-12.0
System noise temperature/K 2372-11 384

SIRICE (Submillimeter-wave and Infrared Ice
Cloud Experiment) J& NASA i1 A& 5 #9 FH T Bk kK

SRR TR, REHRA A (1) BRll4sk
TR VKK A2 R B80RL T2 425 (2) E AT R
J&E FRAE VKK B AR R OB T2 A2 1 2 A AE 2= R G
S rohse, Db i m R el 2
FEXTLZE )2 VK S8 it 72 o i 5Tk SIRICE A
R AR AT LG AN RS, V2 K I/ 4 i (SM4)
ML MK =R HARCIR) , Horfr, SMA #E4T 45° B
JEAH , DR e I A AR, 2 55 K29 1600 km ELAZR
(YL, At 6 M EIHLYETT 12 A8 TGS &
[ IR 485 A 21 4/ BE 1 I 2 25 SR R vk = S0 O
K RE LR AR v £1 405 V- 1 B 51 1 A Wl 2 't ik
G PEFEFNZS (] 43 PR

THz % 76 S8 = i #2500 i ph pe e 3%
W51 7 K E WS HLI G ESA NASA NICT %, i1 |
SRy Ly IR T B3 THz 0% G = 32 5
WFSE I LR Y 7 2B e — o R Rt T R
1) 3 B4 FE  (AME LUK AR 2= 17K o0 A e ok, M
A A AL KT 43 A i B RO 4 B 8K
HLER . 22 K I 48 5531 CoSSIR 3 i 2h A THz I
BT, KL, 52 ox 2T
ZORPAR AT, SR AYE shE R O RS =
BORL T2 48 VKK B RS SES ) XU
FIFB S5 2 10 Fis

& 10 B EH THz HBRIKZRMLBFERSH
Tab.10 Fundamental parameters of some

spaceborne THz instruments for cirrus

Frequency

Name Institute Orbit /GHz Description
183,243,32 Preparatory
CIWSIR ESA LEO
5,448,664 (2005)
54,118,183,  Preparatory
MA ESA E
Go S S GEO 340,380,424 (2002)
MIRACLE ~ CNES LEO 183,243, Preparatory
325,448,664 (2009)
183,243, Preparatory
CloudI ESA LEO
oudice 325,448,664  (2010)
Proposed in
Fi & 243,325,
Boitata rance. LEO 2 2009, currently
Brazil 448,664 .
in development
LEO(tested 118,243,32 _ roposed in
ESA Met TN 2008, ted
ISMAR A Me by 5,448,664, expecte
Office(UK) airborne) 874 to launch in
2022
Proposed in
IceCube NASA LEO 874 2013, currently

in development
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2.2 ¥k# THz KSIRMLEE

FIRST (FarInfrared Spectroscopy of the Troposphere)
JEHH NASA Bl B 56— 5 28 210 A g B KSR 5 A%
1, B R & J R g 1 5 /K b 1 5 ORI 8 FG AR 46
UGG TEA R BT R RE 7, TR AR LI Ty 1 S
ZLAMRIIA R 25 11, L8 X E] 2 10~100 pm , )6
TR HEZR 0.625 cm™  BLO RSN & — N A ST
SICEE R ES), SR 450838 28 LRI,
B 1.2s 3058 100 1§ 10x10 AT 5 50 e 25400
JEAE 60~100 um X[ 0.2 K, £ 10~60 wm [X [A]
J 05K, FHRLGIRZE/NT 0.001 W/(m?-sr-cm™),
2005 4% 7 H 1 2006 4 9 H FIRST 4 Hl## T A<
BREEAT T PGS AT IER] T FIRST [ WL B
FEVEAT T S A5 FIRST R R4 2K JES AN K T50 9 o i
ML 2007 4FF1 2008 445 2 FERIEAT RITERUE
TR IR FIRST 7 A 7L, i) % i
T 3T MBI . TWAL | S8 8 4365 | 404
TR A B AAE AR & R

TELIS(TErahertz and submillimetre LImb Sounder)
H AU 7 [ A 0 (DLR) i 2% K25 A58 fIT(SRON)
B[] A IR A B 2R S 56 & (RAL) B G B 52 19 2R

BT HOAR BR#ER AR =@ 1A e A 22 R ST
HG2 AT IR R 4 K, LA 3800 J7 =CH& I 737t 2 1
AR A R RE IR A AR BT, TELIS
BA =4l . SRON (38 i 4 R 480~650 GHz) .
RAL (i i #i % 500 GHz) ,DLR (i ifi # % 1.8 THz),
G LA# B BB A A 44 . TELIS TAERF{F 5 M
XU R FE A 10 B B 3l 1 B LA S AR . o0 S
SHE 2L AEE ) FHorh DLR 2Ll
T HR I 4E SEAGT (HEB) TR 9 2%, 2 2R ] THz
EREAVE - QAN Mg (R SiDxE s/ 4 (L ) v ) VA o1 R
B PR (PR - 5 TP B LD, B SIS &5 TR A £%
() TAESIR T R VR A TR AT (0, F i 0 2 7
RS, R sl LA EDLT Ik B 15 Tk,
TELIS 1 KA77 8N 10~40 km, 75 B0 HE% 2 km,
2008 4, TELIS 7¢ EL P (4 T PE N b 47 T 58 — K
WA RAT , J0 3k 1 #B3 HAR | [8] B X TELIS #6471
BIE S SRIE, 43 51T 2000 4E 3 A 2010 4E 1 A |
2011 4F 3 A fE s s BBty gE AT T 3 R Th kAT,
RET RERREEE, IEA W5 385, I Rl 81
DLR (¥ €4l HALO fER} 15T . TELIS () EE S5
R 11 P,

3% 11 TELIS IRMB[FEAR S

Tab.11 Fundamental parameters of TELIS instruments

System noise

Instrument Description Frequency Detectable objectives Mode temperature/K
S -Integrated-Recei SIR bining th
uper-Integrated-Receiver (SIR) combining the C10.Br0.0, HCLHOCI.
Superconductor-Isolator-Superconductor (SIS)
. L. . H,0,HO,,NO,N,O,HNO;, Double
SRON mixer and quasioptical antenna, a superconducting 480—-650 GHz “ . . 200
. . CH,Cl,HCN, H,"0,H,"0, sideband
phase-locked Flux Flow Oscillator (FFO) acting HDO.O.
as LO and SIS Harmonic Mixer o
. . . Double
RAL Fixed tuned superconductor isolator, SIS mixer 500 GHz BrO,Cl0,0,,N,O sideband 2 000
OH,HO,,HCI,NO,NO,,0;, Double
DLR Hot electron bolometer (HEB) mixer 1.8 THz H,0,0,,HOCI,H,"*0,H,"0, sideband 3 000-4 000

HDO

2.3 HlE THz KSR

SWCIR  (Sub-millimeter Wave Cloud Ice
Radiometer)fiff 5% H #r J2& B E 58 5 T 7E ik 5 = )
B PE R R DL JRARFE Rl s SRk = fm 5
TR, SWCIR #5285 T 3¢ [ JPL (1) DC-8 &L L,
I B3 % 47183 GHz . 325 GHz 448 GHz 643 GHz,

I3t 10 ANEaE , EE T B R )E LR K S K
IK AR TR BRI R 72 A0, BRI 25 (0 P T
B IR AR ARG BK R B AR, Hih 643 GHz
A OISR ] T A P R R g, DAL RE
LRI 35 22 09 RIEBRI ZR G rp o, SWCIR
ISR 12 FioR
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#* 12 SWCIR FRMUBZEARSH
Tab.12 Fundamental parameters of SWCIR

instruments

Parameters Value

Receiver central frequency/GHz  642.86,448.00,325.15,183.31

System noise temperature/K <4 000

Beam width 1.5° 3dB FWHM

Polarization Linear polarization
Detection accuracy/K <0.5
Detection error/K <1.0

Scanning range/(°) -70-+90

FIRSC (The Far Infrared Sensor for Cirrus)#l %%,
IR OGIEAL, 2 T IR R 2L A 2 20K
P B AR AT o ALHG — S HIL PR A 4 AR A
P8 $8 ' 35 AN | R BHOBH I 280 2%, LA & —-> CCD
ARBLEE I SR B — U I SR IS 1 = MR AR
ar AT THz 3R UK 2R RO FTUKOK #8422 1 4
J&PE, FIRSC T 1998 4 4~5 F [M#5# T T-39 KHL
AT TR AT IS, RS EAT T RS et T
1999 4E 5 AT TR CATil g, K E 2
13 iR,

% 13 FIRSC KB E A S H

Tab.13 Fundamental parameters of FIRSC

instruments

Parameters Description

Channell: 300—-21 000 GHz(1998)

Channels 300—1 050 GHz (1999)
Channel2: 2 400-4 050 GHz
Spectral resolution/MHz 3000
FOV/rad 0.03
Scanning time/s 4
Channell: Bolometer, 0.3 K
Detectors

Channel2: Ge:Ga PC, 4.2K

Bolometer (300-1050GHz): 1K
Photoconductor (2700-3900GHz): 1.2K

Noise equivalent
temperature difference

CoSSIR (The Compact Scanning Submillimeter-
wave Imaging Radiometer) 287 RIHL 2% |12 il B 9% 8h

2 A A A UG R S, R T AESUBCN 183~
874 GHz , F= % H b J& 18 VK 2 (1L 1 RUBE R pkoK #%
2, [E ] T oK PR LR R, 2002 4F 7
H #E CRYSTAL —-FACE (Cirrus Regional Study of
Tropical Anvils and Cirrus Layers-Florida Area Cirrus
Experiment) 525 7145 48 F NASA ) ER-2 KAT4%,
It B} CoSSIR 7£ 183,220,380 .487 .640 GHz [f it i1
15 ANHE |, LA 4 598 o B8 B A 7 il 53] 1 4 i 5 S
BUEER, 7ESLK T 380,487 GHz N4 2R 11 3 18
I, 183,220 640 GHz i 18 W DI 3RAFE PG, 45 5%
FH L ARV 2 K B i B e 7 L U 1 K HL 22
K B AR LRI BER T 0K 20okL - S gUsk, I Homl
PAX A CloudSat % 4t J2 i IWC Fl Dme 2006 4 1 H
W #E 5 £ CR-AVE (Costa Rica-Aura Validation
Experiment) S5 5 20F WB-57 KiT#8 3L 3 IR K
17, AR 2 KPP B 4 = AT T RARI & 20074
1 TC -4 (Tropical Composition, Cloud and Climate
Coupling) 525 H CoSSIR W5 ¥k K47, i 7E 183,
220,380,640 (I B HIK P 4L) 874 GHz 5 i
BRHUT G 10 AN, DA 4° 0 IR T B A AR A
Horbr, 640 GHz 19 BURK Ak 38 38 7] 328 B K Aioks 112 AR
183 GHz i1 380 GHz 38 i n] Fi T S K 1B 2k . [
B, FH9% T 874 GHz 383 , LAH RV 38 IR /N oK f s -
I ) B

34 i

K25 KRR EA ) e SRy S Bt | OLH
T CERRRRE L SRR TR SR A
B, JE SR Y 22 S B SR PO U, ARk 7
HRBARMZES T, KbfeG R AT 2B TR
AEER . HETY THz KRR i 2O folc i e BE 1)
WKLY 2 THz P BL, sUNZLAM BE i 21 b
PR A THz B, 26— PP ias 2R A 22 50K
DS S AR AR H B e BRI a6
BROR F2 AU A I R TR AR B -
Y AR AR (SIS S5 IR g  FArs 1A H B (HEB)
RAAS o A 22 G AR Al AR 4515 5 B9 AR 2 A IR
WU AR R, [ A ] S B 0 R R 7 ) e R A
FERGIN , AFUE  IRIAR 20 — AR5 IR AR
TR, XAE THz S BOMERERCR, 10 HAS ) 8 el
W3], AT e — g B2 B B R T W
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TR 4% e S U ) B ) SRR R S R R A
B AR IREE D B R A H AR B R i
PR 45 I R 2% 1 AR A B AN 7

Har, S ENERTEA TR T KBFE RN
WIWFST, 768 S 4 0 AN 20 BR800 7 T THz RS HEM
INETRRZE S FN 2 I e S sy  = R - Y g 0=
FEAE R 118~874 GHz JE I, 34 7] THz B4
BUR RIS, A B TR 2 KA R
) SOC h E E IR 5 o T S R o1 B K (= O B (== ¢
PR 38 3 5 T, BRI 20 £6 i R I 38 3 R F TR
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