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Laser Radar: Remote Sensing of the Earth Environment

Takao KOBAYASHI

Introductory review is presented for the laser radar or lidar techniques as active remote sensors
of the atmosphere and the sea of the earth. Basic characteristics and recent results of the laser
radar schemes are introduced including Mie scatterinng, Rayleigh scattering, Raman scattering,
fluorescence, resonance scattering, absorption and Doppler laser radar schemes. Future possibility

of these sensor systems is discussed.
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BER HBLU (R+L) Hhon s —HELZEEN, P(A,,
R) & P(A, R+L) 3FEHIFIER 1, TD 2 i 5 DRAIF
BHTHY, £l L 3PIEEDOEMSHETDH 2, 374
bbb, 4 ODZEBHE»S N(R) BKED, ZOEEE
BOEBEBLTITZEL OE A TEZEMOREE ST E L
T& %, 20 %512, DIAL ARG EEL T & BIT K D&
HLIEETH S,

QWRFAFEOV—F—2HW T 70V ED I —f
G ERIET 2 DIAL iE, KRS FOERS 5 EOER

182 (44)

75 bRk & U CHFSEBIR S EA T B,

—Z PN Y — ORERE I, (10) 25 b
% &9, BRI ATRER S N & BEBEMREE (2721306
BER) L O S= N+ L OETFHES LS., $74bbB, L
ERAEDZECED Nunw BB L, EREERENES
nz, oFi, IhoDx > —0BEKETERICOWT
RY.

8.1 WEAFEENXMFHENAE

Vv R TR T VIR T REEERINGE T, CW B
TED PR ZEFRIMR AR L — 5 — % CO,  CO & F v
— =2 &3 CH, (=F1v ) 0, DRESD, FiHN
Z XNy 7 F RS (OPO) EFEFES £ ORI
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DEFE LY —P — Tl NO,, SO,, 0; & ELHOHTFDOHIE
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FEORBRERENTEETH 5.

8.2 DIAL I & 2 KKUBRS FOIFERA

DIAL %MWz KBRS FEESMOWE L, BFRYy
— =% OPO 2 EOERAIZ VvV —V—sHwvsh, SO,
® NO, 537 OB/ FHEl 2 BEH A DIAL 2581 L D AlRE &
o Tn3 MW, UVEROLFy~—v—¥—i kD #l
TE Uz Bk JE B O, 5 T3 0 & A D EZ b 0 I E 5 51
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AREETT> TB D, BT EOBRRELASHEE
DRI DT OFEM R T — 5 215 TW 5%,
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DODEWEAPERL 72, + TICHBERBRENIEIC B 2 8l
FRE L TLL AN, RRZERTOYE OSSP
DOEGRFRRL Y, MOFRTIIERTE R VL= — 7 B
HIBERE 2 EH L T X 72,

7\%

He



1 T T %] EE
TS e S S S S
TN s A IR ¥ S 3
: N o M |
06 4 \d A
05—t 2 “¥ L 4
¢ AT LTL ——T
- i A
Aij’&‘”'* B 35km
L 12““"‘”'“" - .
R e o o e
y I X 1
- 30km
S 264+ -~ -
21 . . . .
S
18
54 ; -
9Bk
AWEE =
™ TN
82 ! T T
% ;
6 ¥ ] B A
St —1 20km
4
3
2 A
¢
Ed x B J
N . s §
X R X X
2 " % % - -} 15km
1 o " % 5
0 3
88.11 90.11 9211 8411 86.11 98 11
o 5445~ x JUF *hH

9 O, MERESMORELIEO DIAL B R,

SHESRK VY-V —F—DuREMEITE Z E THERT
20, FOEEHTTCHELD,
« RRUGHH AT A, RB(LA R 72 & D/NTH S
REHREH Y 2 T ADER b T
- JEA - EE, SR, BER L, SHAKOBRET £ A X
YA REBEORMBKRTFRAO/NY Y AT APEBRT
R
« FRZEREREE O 2RI B 1T 2 KKELIRETEI Y A 7 A3 EH
fansn»
CEEERICLEE - BE N Y STV AT AEF Y
3F% ED DIAL ¥ AT AWBEHRT 25
D& D R HEBREDOREPEEMR DI » OEHRINIE
XY —LLTC V=YV —F—DItHSHRE T T
EoTwEFEZLN, ZRCLDHT v bo=J R
EEO—AYLHEDL LI DD LEAREINS, HFHTLL
2o —OFET A T 7 ORES, ®EIET/NIOLMEE
V== ORI, IR OBERIILIREZS B
2,
iE
1) NIES & —A-~—% : http://info.nies.go.jp:8094/
X ik

1) E. D. Hinkley ed.: Laser Monitoring of the Atmosphere
(Springer-Verlag, 1976).

2) D. K. Killinger and A. Mooradian ed.: Optical and Laser
Remote Sensing (Springer-Verlag, 1983).

31%& 3% (2002)

—

[=]
[
o

L~ 1 Atm (STP)

 1ppm 57‘/1&/

B _—
_IWb(’NT\\\\\» EABRR
N AR R

-y

o
—
[

ENBRHBE [omI]
|

L 1 ppt e R o~
. '\\_
5 L— HME
10° 7 <f%7ﬁﬁ§? EHRRT)

1 1 1 L | 1
110 102 10° 10* 10°
RIEERE [m]

B10 KREEDSOV—F —t ) —ORBRE L #IEERED
g (B (E) .

10°

3) R. Measure: Laser Remote Sensing, Fundamentals and
Applications (John Wiley & Sons, 1984).

4) IKERR © “BEEROLV -V ) T— My U TR,
HAD £— by v 722, 5 (1985) 17-40

5) T. Kobayashi: “Techniques for laser remote sensing of the
environment,” Remote Sensing Rev., 3 (1987) 1-56.

6) FARfmIe, MTNEESR @ “L—Y— L —5 —ic L 2 R&EHH, &
v, 63 (1994) 444-453.

7) MTREERAR @ HIBRK R D DYEY TE— by v 7 (ERHR
>y —, 2001).

8) W. B. Grant and E. V. Browell ed.: Laser applications in
remote sensing, (Optical Engineering Press, 1997).

9) (B HEXEFMIREB SR | v —VRes1 P 7 vy K
Masa=r—varxX, 1992).

10) J. A. Reagan, M. P. McCormik and J. D. Spinhirne: “Lidar
sensing of aerosols and clouds in the troposphere and
stratosphere,” Proc. IEEE, 77 (1989) 433-448.

11) S. K. Sharma, B. R. Lienert and J. N. Porter: “Scanning
lidar measurements of marine aerosol fields at a coastal site
in Hawaii,” Proc. of SPIE Lidar Rewmote Sensing for Indus-
try and Environment Monitoring (2000) pp. 159-166.

12) E. E. Uthe, W. Viezee, B. M. Morley and J. K. S. Ching:
“Airborne lidar tracking of fluorescent tracers for atmo-
spheric transport and diffusion studies,” Bull. Am. Meteor-
ol. Soc., 66 (1985) 1255-1262.

13) J. D. Spinhirne: “Compact eye safe lidar systems”, v —¥%—
B9E, 23 (1995) 112-118.

14) T. Murayama, N. Sugimoto, I. Uno, K. Kinoshita, K. Aoki,
N. Hagiwara, Z. Liu, 1. Matsui, T. Sasaki, T. Shibata, K.
Arao, B.-J. Shn, J.-G. Won, S.-C. Yoon, T. Li, J. Zhou, H.
Hu, M. Abo, K. Iokibe, R. Koga and Y. Iwasaka: “Ground-
based network observation at Asian dust event of April
1998 in east Asia,” J. Geophys. Res., 106 (2001) 345-359.

15) J. D. Klett: “Stable analytical inversion solution for process-
ing lidar returns,” Appl. Opt., 20 (1981) 211-220.

16) Y. Sasano and E. V. Browell: “Light scattering characteris-
tics of various aerosol types derived from multiple wave-
length lidar observations,” Appl. Opt., 28 (1989) 1670-1679.

17) A. Hauchecorne, M. Chanin and P. Keckhut: “Climatology

183 (45)



18)

19)

20)

21)

and trends of the middle atmospheric temperature (33-87
km) as seen by Rayleigh lidar over the south of France,” J.
Geophys. Res., 96 (1991) 297-309.

J. W. Hair, L. M. Caldwell, D. A. Krueger and C. She:
“High-spectral-resolution lidar with iodine-vapor filters:
Measurement of atmospheric-state and aerosol profiles,”
Appl. Opt., 40 (2001) 5280-5294.

R. T. Menzies and R. M. Hardesty: “Coherent Doppler lidar
for measurements of wind field,” Proc. IEEE, 77 (1989) 433-
448.

R. Targ, B. C. Steakly, J. G. Hawley, L. L. Ames, P. Forney,
D. Swanson, R. Stone, R. G. Otto, V. Zarifis, P. Brockman,
R. S. Calloway, S. H. Klein and P. A. Robinson: “Coherent
lidar airborne wind sensor II: Flight-test results at 2 and 10
um,” Appl.Opt., 35 (1996) 7117-7127.

B. M. Gentry, H. Chen and S. X. Li: “Wind measurements
with 355-nm molecular Doppler lidar,” Opt. Lett., 25 (2000)

184 (46)

22)

23)

24)

25)

26)

1231-1233.

C. Flesia and C. L. Korb: “Double-edge molecular measure-
ment of lidar wind profiles at 355 nm,” Opt. Lett., 25 (2000)
1466-1468.

A. Behrendt and J. Reichardt: “Atmospheric temperature
profiling in the presence of clouds with a pure rotational
Raman lidar by use of an interference-filter-based poly-
chromator,” Appl. Opt., 39 (2000) 1372-1378.

C. S. Gardner: “Probing the atmosphere at the edge of
space: Lidar capabilities for upper atmosphere remote
sensing,” CLEO/ Pacific Rim 2001 Technical Digest (2001)
11-537.

E. Browell: “Differential absorption lidar sensing of ozone,”
Proc. IEEE, 77 (1989) 419-432.

AINRTRERSR B — 0 — (R vy —, 1997).

(2001 £ 11 A 22 HAzH)

j\E

e





