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Remote sensing technology for troposphere atmospheric temperature profile:
A review

DI Huige
(School of Optoelectronic Science and Intelligent Instrumentation, Xi’an University of Technology, Xi’an 710048)

Abstract: The acquisition of atmospheric temperature profiles is of great significance for weather forecasting and warning, as well as
improving the accuracy of weather forecasts. There are various active and passive remote sensing technologies available in the field to
detect it. Changes in temperature profiles significantly influence weather phenomena, especially within the troposphere. High precision
remote sensing detection plays a crucial role in weather forecasting, disaster weather warning, and other related fields. This paper outlines
the main methods and technologies for detecting atmospheric temperature profiles, analyzes the advantages, disadvantages, and
applicability of different remote sensing technologies. It then focuses on the development status of laser-based remote sensing technology
for detecting atmospheric temperature profiles in the troposphere, with an examination of the advantages and technical challenges of
Rayleigh high-spectral-resolution lidar and rotational Raman lidar. The detection technology of cloud temperature is explored, and the
advantages of the technology combining active and passive remote sensing are highlighted for achieving high-precision, high
spatiotemporal resolution, and continuous observation of tropospheric temperature profiles. Finally, the prospects of this detection
technology are discussed.
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Fig. 1 Schematic of GNSS-LEO radio occultation observation (Adapted
from Li et al., 2021)

SR, 76X U J2 IR Z B X8, /KR B e
AU GNSS {5 5 BEAT #E B BRI, T 12 e DX 70 it
JE K IS 7 8 23 B BT, A7 78 <l JBE -7 PR ]
(SRR, 2022) A PRI AR ORI S B4k
(18— ol B 5 1k, (E AR A R 5 vy 1) o2k
g BRI B, H A 20 FAE 5 km DA A9 23 4]
DX, oI AR BGH 52 N B IR SR 2 s



320 TR K E

% 45 %

1.3 KRB R A

2530 T8 0 R S T — i R 0 2 ok G B
JEEL K 2 g K F R (o) WO R 6 3 (AR 55, 2013),
J& T4 sh 2 R A, i A R SR IR A, 455 DT
SRS ERL AN T 8 I 4% 45 I Rk, AT LA SR
PR KRR | 1B B o A B ST . S
R ) — B S AR R BB R (RIS, s 5
T ) S A0 % Ak A 30 1 O DB R B, TR R IR
HF A RS KRR E & & =15 B % 9™
fi o PRI B i 4 KA TAERE ), B8k 12 I
FH B RS BEMBEFE e R b TR kb T H28 BERb R
A (WD 5, 2024; TREESRSE, 2024), (HZ, H T 28
T Bl OB A S T A 3 ) R A PRS0 b T ) 1
23 B B s I S (B BHAE, 2024), {5 B A FR,
S BROH BTN B S A PR AR, IR A LRI 25 A
KATE S K LA b, PR 4 HE bl i B % AR AR 4k, 02
KLZHCH 50 m, BFE 2 km PL_ETEEH 53 HE5R K 250 m
(Yuan et al., 2022a, 2022b), 3 15 J7 ] | J 5 25 114 36
T 17 B S RE BRI B, A B R ST B
Hit U AR >4 b g sk PR 25 BRME RN ZRAE AR, BRI
AR TR S W b XA i — 20 N o

T D o D0 8 B AR 49 2 SR P A 2 T 4%
(7 R EAT BRI, B bR R ST TR A KA
BI R s SRl S al L AT IO Ak o X Pl vk S G
JEARPR, 7] A4 RAIE AT, 5 R0 B 0 HOE 4RI
BERAEZRBESRE SRR . H Ik, &R
R 2 KRR R, B e w2 A A RES
B B AL G 1 (BB 2k A B S RS B A R, W
BB AR AN
1.4 MBI A

FERY B8 B AR, BRI R ST A, AT H
LM IS ARG K IR R . 214N &
TR AR P AR R B G A SR AR B
T I B A (5 8 . R AN 0 K A2 B i i ok
(14 ' T U BE 45 AN M ), 38 o 00 AN (] 08 B 1 G £
B, 0 RN B KA o Z0AM iR
THEFARGE PR L, M RARE T 2R =425 0
W . Aqua D & I 2% 28 1Y AIRS (Atmospheric

Infrared Sounder) J& iz F- 1 151 Y6 1 KA LD AMNE D5

£ 307~15.4 um A 2 378 ASGikE A, vl LLSEHXS K
AR BRI B R (FEEAR, 2016). £LAMGEE
T8 JAS B ) R KA R S i, Tl o — o B R T
AR B RTRERGE, BNINR DB T
AT TIPS, E ST AIRS BB iR
SR E R K 22 0% R FRRE 1) & 48 0 S i vk, Ay

FHN A M (BFI5E, 2010), FIHLLAMG
T e SR IR B A R S AE 1~3 K 2z ), ELARE T
TESE A | AR R A S A, SO IR R R
AT BE R 2 AR S B A PR AR, A 1~2 km,
1.5 BT IXFMF AR

WO TR R R L AR b & R 1) 3 Bl SR
AR, FEAE I 23 43 HER | SR R SR s bt T4
AE S5, B — R S0 KA SRR T B,
RS S BR8] T MOz N . %
HAERSA LR, SRR, 4 FEk=S
SR RAMEAMER . BOtS KW A EAE
FH BRI S RS . RO b2 8, 2. i)
WO 2238 B R0 45 o AR X SE AL, 2= UE T
22 28 U PRI R AR B S L O B ik, EEA
IIRTOCHOL TR L | BRSO E R Ik | IREhh &L
FHOGTEIS | b2 BUOL TR A | ER] R iE
HERBO TR IR 220 O TR IR 55 .

PPN TR B A A LRI R e RO B SRR
FeOEE A (Fong et al., 2014) #4810 4 )& J2 R+ 0 %
T B IR I R AE AR AL B S, FEHE
I 80~105 km e B X 38 Ay IR A B B 4 5 i ) #30 Si
WO TR (I, 2005) J2 F 431 10 B R 5 (]
WA 5 I 4 v RS B AR X 2 R, DT 2 TR AT
B, BT EAE TSR A RSB, R 5 B A 30 km
DL s JRBDPLZ OB X (RAKAESE, 2002) &4k T4k
i 255 AR TR SO AL, A5 A 32 3
W, B KRB R 2 JF BRI, i
T 1] FH S AR A T 2 R ) 2 Al s B i R AT
JEE 2k, Hoaz AR o R R WA A, BRI i B A L i
FIHE O A7 LA 20 km ZE{H 2] 30 km, {H 0%
TR ARAT XT38 )23 A A R A0 B 5 22 0 R e e R
FRI LA U (Bosenberg, 1998) 2 [ K 32 #5 4 it
P AR IO, — RO A I A T AR5 U A AR i i i, —
TR 1) D A A 5 1 D A=A I S 0, 5 s R R
XoF T RO 1) 2 43 W M0, S B AR 00 AR Wk B 1Y
£, KA E JR 2 2 R I 480 25 0 MR 5, T
FE A MR BT B, M AT L AR AT SR A AR, v O
MR AR B S o 22 43 WA AR I TR R0k
A S I A S ) R et N | e
ZE U8 F, X 2 PR R (45 ) FH 22 40 4 R S i i
AN RERZL . S TXFZERR B S
A R R DX 3, 7 A e R R B s P2 O TR
IR R A R IS BERO R R A . S ET LRI B
AR L, OB I 10 T L A3 PR R RS B I AR



55 3 4 BRERRG: XL R RS B 1 WO AR I B AR 58 i

321

Al B4 WE R ] 3R ok g, IR RS B AE 0.5~2.0 K Z [H]
(Hua et al., 2004), HAKE R SHE R 50050 L ATEL
b PR LB VI

2 MiRBEARBEBLEHMLERNE AR

XU 2 A N AR A NI Bl ) 2 X, R AR
FE Bk AR Ak L I 1 2 KRG R AR
& o Fi A S OGS BER UG TR A AU s = OB E
TR SN 2 R AR B B R ) IR,
PR AIMBEOG FRIN AR DG B At BB 2 1 R ATk B R
WOGTRIR . 3K P R ASRE B 2k i ORI R TR
TR 23 2514 T R B L PR R
2.1 WAL PR T IERNEAR

Fii A i G o BEERREOG TR IS MR Zh b 2 OB
TR A FH G RIS Y 1% B DR il B2 78 A A 1 S B
AR BE PRI A% 58 0% 3 1 e D5 o3 BRSO T
ik ) Fabry-Perot b 45 = G5 3 G A 4D 1 By
FPEIE ARG BRI E . B 2a JBIR THOLEEK N

355 nm i, A [A] RS BE T B K R R e A1 IR S
INAE— 2 A OGIE L, B AU OGS AE U B TR
SO A kA AT Wiz 3, RACIRES & R A2 ks
T 22 W e BE T WU o FEAS 7 JE R SR 5RO U
DT 7 A T 52 e BsF, it AR B O 15 IR D v T eR B3
A7, HeB =i 58 (Avy) 5 RAREE (D) B £ B (Hua
etal., 2004) {1~

32«kT'In2
—EM
K, o RYIRZL 2 HAEL, 20 FBOCEA, M R 3451
T

Fii ) 15 G 0 B RO B TR R AR 1Y 51
W7 X g3 R W Rl —Fh 238 L F1 4 Fabry-Perot ¥
AEEAT O AR A I 5 B A1) - A7 B UK BRI, it
BRAT 4 B A1) A L PR R 3 >R Sz 8 A5 3 R AR FE AR
By 55— e R RS 1 95 (Fabry-Perot 1 ¥
A, 38 E IR T AL A ) AAR ] A Ak 1 3 2o R
R 375 3k A8 Ak S R SR

Avr = (1)

Intensity & transmittance/a.u.

Relative frequency (v—v,)/GHz
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Fig. 2 The (a) Rayleigh spectrogram and (b) optical path schematic detected by hyperspectral lidar (Adapted from Hua et al., 2004, 2005)
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Fig. 3 The (a) daytime and (b) nighttime atmospheric temperature profiles detected by high spectral resolution lidar (Adapted from Hua et al., 2004, 2005)
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Fig. 4 The (a) Anti-Stokes rotation Raman scattering spectrum and (b) temperature sensitivity for an emitted laser of 354.7 nm (IF-H and IF-L represent the

spectral channels of high temperature quantum number and low temperature quantum number, respectively. P and N represent positive and negative,

respectively. For example, N,-N represents the negative temperature correlation curve corresponding to the N, Raman spectrum)
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B F#OLH R RS E M (Totems et al., 2021).
PG AU A7 B 5 50 06 2 09 e i B OGRS R AR
AT RE A B TR R e PR HEA T T BF 98 R4, 141 6
JEZ O TR I8 R GETE 2009 4 F 2010 4 4500 3 7Y
4 A [a] F Ay 09 A7 1 WL DU S JE (Newsom et al., 2013),
&l 6a. b 4351 2009 4E 1 A . 6 A %dE, & 6c. d 4y
S 2010 4F 4 H | 10 H#48, v WAE 0—10 km E[H
W, A R s X, R BOE TR R TAE; 78
S R S [, RO OB B = 2 S ok
ik, EHMEAEIT, ZHIE RSN
XF 0—10 km 35 il N3 25 FLRRGE DN . AR PO TR
K55S A7 TR B o Xk &5 SR, AR AR 2 A A4 A v D
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Fig. 5 The (a) structural schematic diagram of Rotating Raman lidar system, (b) its continuous observation of water vapor mixing ratio, and (c) temperature

gradient developed at Helmholtz University, Germany (Adapted from Hammann et al., 2015)
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Fig. 6 The 4-month potential temperature observation data measured by rotational Raman lidar at the Pacific Northwest National Laboratory, USA at 2009
and 2010 (Adapted from Newsom et al., 2013)
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Fig. 7 Schematic diagram of the vibrating + rotating Raman lidar system developed by Xi'an University of Science and Technology
(Adapted from Li et al., 2022)

3 MATBXRLEAMNEEHITHASIEERL
TEERER M B A

TCERR TR B AR — HR TR L NGB R Y
AR IR 2RI RO TR L, LB A
[5], A [5] FRIATL B 54 {45 5 52 Bl ] P o A7 A — 5
14 JR B o 1) P £ SOLI - 5 388 o A [ 3000 1 5 B
il 2 S BUCER R IR B A BT AT 175785

WO TE B — P 2 sl A, HA S

re I 25 R | R B R AR AL, (HR T T
VR R, B Bt 5y 52 RACIRAS 2 o b 4
ST EA BRI 4 KAk TAERE D), (B T 2 8B

A S BT A 38 Y 2 T AR R 0N b T 3] 1 A 8
AR 2, (5 B A R, S B OOk B R
23 (A1 AT HERAR o T AP 2 B ST I R A
MBPOCHBMEE T &, PR MR 5300
RRLA EOR, SC LR B A . VI TR
38 B AR A BN AR 1% 7 TR T ORIESE (X A
2021)0 ZHEARM 2SR A IO IR UG 25
1 I R 2 4y BRI B e s S AR T
PR3 A A T 0 A S ot S i A 0 £, 38 0 il 5
FIAH A IE, A5 21 75 R A28 800 al & J5 i K ACRLEE
JEAEE . B9 RO IS L O AR ST R L



326 %45

K
10°
10!
4
19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00
Jestnt
/K
150 215 280150 215 280150 215 280150 215 280150 215 280150 215 280150 215 280
10 L] ] L L) I. L LLJ ' LI _.'._.. &IET';]‘%J‘ T [ IOSK
— W
9 g 1Y =118 s
8
g 260
i 7
g
6 245
5
230
1
19:00 20:00 21:00 22:00 23:00 00:00 01:00 02:00
BNy

P 8 PR+, Sl S HOCTEIATEPT L BN 2022 4F 9 H 29 H RIEREM 2 JZE (a) MACIERTE 455 (b) (31 A Lietal., 2023)
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Fig. 9 The (a) sounding data (Sonde), atmospheric temperature profiles from laser radar (Raman lidar), microwave radiometer (MWR), and their data fusion

(OEM), and (b) their comparison results with sounding data (Sonde) (Adapted from Xu, 2021)
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