12

L—H— L — & —FF & 2 TR R FE O ERH

(&)
L—H—L —4—FEKICLD _BtRFED =S

(7 N G

(] 7 BRESITZERT R BREEIT 7 4RI
(T 305-8506 2 < IZTH/NEF)Il 16-2  E-mail : nsugimot@nies. go.jp)

B =
IERN T ABEA TR TV E ] (GOSAT) ORI X » ToMibRSE, 2 ¥ v O4Eki %
BEATRE L 72 V), REMBRORHEM 2 HF & EHICBE T 2 REREPPHE IR TV D, —h,
WA OB R ABNHETIE, L) EHE SBEOBINOLEE BRI, L—¥—
L— ¥ —FHEEnH LBt v — O EIKE, BN, HAZ ETiTbhiiTwb, ZHk
LRFED 16 um F7213F 2 um OWINE H 72, )T, SV AFTROBEBOEL 2 A&~
=B ENT VWD, KRLTIE, INSDOFFEEMERBOEITNICOWTHIET 5,

F—J— K EEMET A, DELRE EBEN, L—V—-L—¥— F45—
RIS 2010.4.8 EICA: 15(1) 12-15
1. i U & I(C EXCALIBUR 3t12, B LRFEDOFHIN O A TIE 7% <

GOSAT [WWAR & | ORY)TAERI % IR 7T A 55 A
DB L 7 0K X R HRAWE S AT 05, 2
DO—F T, WROEBLT ZABMFERETIE, L&
HHEE, SREOBMSLETHD LM IN TS
D, L=H—L—¥F— (745 —) FELLHL7zHE
50 bR FZEE L 2 — ORFZER FEATKE,
WO, A% & T b LT .

Kbtz G e 32280t o —Ti, FE
BIEOWENTE B, BOb B FEROWENH
HE 7 72O BUAHEE SRR ICHIR S b, 72, KRR
HoOTT7 VBRI EST S 2 L bR E ST
Who L—=H—%NHETHT A ¥ —FETiE, HlE
T AHHEEDPIE LBEED IEICHES NS 20, ED
UNBEONEERED L E TOMEDRETH S,
7z, TTOVNVOFEELZITIZ e BIE, KETI
NASA # 1 .[» 12 ASCENDS (Active Sensing of CO, Emis-
sions over Nights, Days, and Seasons) HMfREf &4, ZDOHFT
BEOTTAO ZBALRFNEN 7 1 ¥ — Oigeh 5D’
T TWABY, BTl ASCOPE (Advanced Space Car-
bon and Climate Observation of Planet Earth) 282, T
45— &5 ZEALRFIE DM AT b T & 727,
Z N iZ I FE, EXCALIBUR (EXperiment on CArbon di-
oxide by Lidar for Biosphere and climate URgency) & \» >) KR
THEDHIT SN TWE, HRTY, 1GHEEIIZeHE
fE (NICT) R, = ZE B T H 22 IF 58 B g R
(JAXA), EMRFHRF 7 & TERAILRFEMEH 7 1
¥ — ORI IThbNT\wb, %3, ASCENDS,

T, REMWEBROBMF\ LB A RO BN 2 &
I ARREF 2T o 72 MRET DM T h LT 4,

2. BEBAXEIbRFE ¥ —DAIERE

L= =% HWRERRAT AOWE R, /¥
WAL —F =2 HWTZ 7 e VORE 2R 5%
45WZIX 5 A # — (DIAL : Differential Absorption Lidar) ¥ 7
X, MR OS2 FIH T 5 B EGRINT 1 57—
(LAS : Laser Absorption Spectrometer) T 5o %85 CTlI/¥
WAL —H =723 Th {EfEOL —H— (CW L —
F—) AL HFROH D, BHEDI SO FHELEE
ETIE, TT7HVVORELEEI NS W L2 b, E
TG 22 WU OB DS FE T2 % > T B0 BULE,
TERALIRFED 1.6 um, 2 pm DT IO & v
B, 28V A CW 2, BEMREIAATOY A R
WP ED T E RS> TV A,

W DEIRTIE, T 9750 G DU O 5 FE 70
MTHDL DML R D, W bikFEIX, 1.6 um
& 2 pm \ZMIE I # T B WU &2 782 DIAL X LAS
TIXEARIZ RO E I THEZIT ) A, &
IV —F — OWEREEMIHEATB Y, TIERD
FOEETIE R L, BRIGEOHEOBE L 2RI —
T ELELEMIIOYy 7§52 TEXS, T,
HWEDRBLIZBWTREZEREZFD, KT D5
FOWINARY PIWAZESTIRAI )2 &) &SRR %=
o, ST EHIEDIA . TEo T, BRI Hls
o7 b LAEERETIIRATEOWRINDOHE SR E



Faxk TEICA] % 15 %

%15 (2010) 13

Table 1 Lidar or laser absorption spectrometer system for measuring carbon dioxide
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Fig.1 Block diagram of the LAS system using a CW laser”



14 L—H— L — & —FF & 2 TR R FE O ERH

HL, CW /5o LAS 1%, HEERHKEELZ > T T
FFNHEEERL T 7 O )V OB Z R 7 Wi E
PR EN TN D, D20,
L7 a VNV EMASHES 2% FEELT A 77— & D
REEASE I NS,

KED NASA & ITT £ T4 ASCEND EFE O HIT,

FIZFEBEORER D LAS ¥ A7 A DSBS S,
TITHLZEREFEER DS D R LITh I TWn 519,
NASA Goddard THIZE SN TWwW A /3L 2 XD
LAS ¥ 27 &%, Z#H N TIE 7% < 157 um i D /¥
WA =R WAL, 72, 765nm 15 D7 $)V A % [6] 12 3%
ELC, HiFET TOMEEBEOINE W5 ED
HED TbNDL, TOFPFTIE, #EEHD SO
R L CRE S NS 720, WO 7o)
RENEORE L T TR A OWIAHIE S
%)1'7)0

N 3

3.1 ZEHWINZ A 4— (DIAL) AR

DIAL TIEREAH O 7 0V )0V O % HEL & HlER
FEMROWINOH 2 FH L TL ==L —L4lZiH->
7SR DR A R MET 5o WERROWINDK &
WERENSWVIERD 2R T T O O% L
ZWUET B EWINDOR E WERETIEFHEME S O
EWPREV, ZO2WHEOBRTHEEST DL = BT
TUSHEBEE IR, 3 72 D B RIEN KL DL HvE
MEh s, 22T, = bFENEHH DIAL O f)
ELT, MEeHAERY HIFL THES TS
NICTD2um a2kt —L Y NHFRDOTY AT LY L H
L OB L L THRESN-EHHRFERHED
16um DY AT L ONZONTHRAT 5o

ANTFOYA UEEHWSL I —L Y N RO T A
F—x, RRFy7I7—7 b RFMLEGENED
FRe L CIRES Nz WAL, @RV O FRER AT A
L= =% HW/Wgen b, 1990 4EEH S 2 um
DOFEEL —HF—F2 W23 AT A8 %  Frbn sl
bbb EaNn<Twsb, a2k —L v o DIAL &, =
NxE 5SS FOWIPLME IO L 728 il Th %,
NICT T, —EbRZEOWIGHEH ® DIAL OB%
i, JBEEERHO I e —L Y N Ry ST —F5 45 —D
BIZE L WAT L CTiTbNTW5, NICT ® DIAL ¥ A7
2, 2HBOCW KL - —TA P27 ar
=547 L7 Tm:Ho: YLF L —¥—%&3GF &
BHo INETIZ, # Y AT A2 X BHEIEERIITH
N, ACPHHEER km F TO F LR FEDOHIEHFEH X
nNTwi, by 2520l —%—H771E, 80 m],
DR LIZ30Hz ZELEEHFEITEIE 10em THh b,
HAE, PLZetssilis 27 AOBESHED LN T VD,
2 pum OEE L — % — % 72 DIAL $#i4ii 1%, #E 2
5OZMALRFMZEICSICHPHREE NS, HEAD2S

MEERRE DML, =,

OWUETIELT O IVOEFTHEUE T IVNS W20,
R R E Tl e S MR RS 2 R L 72791 A
LAS X EZ b Twb, LaL, HERMNIE
B HAEE S E T E U BRI FI OHEE A
HEoiEmdbdn, 5 EAEBKEZAHL-ZEE
@ LAS 5 & DIAL & OEMLED g7 &N T
H5)o

EHHERFEEDESE L 72 1.6 um @ DIAL 1, #k
2y T =712 X FALREDOMENENTH S &
V) ERIEOWT, i EIERICEET S b 0T
Hbo Fig.2 1294 =LA77y 7 A%EmR
T, Fig. 31X, TOYVATF AL THIESI N
BALIRFEDEE A DO—BITH 5,

L —H¥—IL, HfilEER (OFB) FERL —%—T
fooxrvary—74r73Nn720PO0T, L—
F—oHJiiE, 5m]/pulse, # VXL 110 Hz T, 5
BAEIZ 2 E ) B2 NG, TELERFEFIT
35cm T, FRIMHALEFEBEEEZH T 7+ Moy
YTA T TRERENNESI NS BE, EHKF
HETIE, ZEROPRIEILIZ L A BMOMIER, A

Seattered light
© Narrow-band CW Nd:YAG To Atmosphere S A v O
|:.. LD pumped Q-sw Nd: YAG
I—- PPMgLT-OPO | (.
Ring Cavity H Beam Lxl’-lnclct_ /
— L -

— Fiber switch
L . e —

| DFB-LD !
< Fiber beam splitter Near-infrared PMT

[ DFB-LD
v i

Data Acquisition | _ | Personal Computer

Wavelength controlled Unit
including CO3 reference cull__

Fig. 2 Block diagram of the 1.6 um DIAL for measuring carbon

dioxide'”
23 March 2008, 00:25 - 05:53
: : 300 -
A
8+ 8t il )
S00
6 6
E‘ Eﬁﬂﬂ r
== =
2 E
'E 4+ o 4 by E 200 +
= £
< n = \
\ y |
2t W4 2% \
oy i | \ )
0 e T — 1000 —
02 04 06 08 1 0 2 4 ] 8 02 04 06 08 1

(a) CO; number density (b) Statistical error () CO; number density
Fig.3 Example of the observed CO; profile and percent errorwith

the 1.6 um DIALY



Faxk [EICA] % 15 %

145 (2010) 15

E, il & TRALRFE OB TUREL 2 5/8T A —
% % DIAL TR IZHIES 2 FEOMIESTTHONT
WV,

1. $ b W

RL T L= =L —F—FHIIL 5 Z@BLRZED
HFENZDWTIRART 2, FFRO TR I IE A &~
2% &, MORMBRRA ADOWEIZDICHITRETH %,
L2rL, BfEROFERPIFESINL O, NLHEE)
LOEHE, BREORBRLKFZEOWETHS ). H
I, 2pum A OOV AF RO LAS EN TV 5
EEZONDY, FAiH 25 ER? S, 1.6 um O LAS
HAROFEHME D EVe CW HR D LAS 04,
HOWERELI T O VIV BN MEE b, D20,
TG RO B L 2 HEEEOMmLe, Hlg EL
TNV O/SVAT A =% ERT LR EDL
KPUETH b,

T, EBEHAT— 3 v &k 7 Bk
OETBITHN TS, FHAT — 3 Y IFHLEMER
APNE L, BREEHROBIASTE WD, Z0—7,
KGR TR W20, HELLDOERIHOLND L)
Frnd b, 72, MEREIRND, GEEIF O
YU —OFEILFERICIRE LR T Ty N T —LEF
Z 5o MROEREOIMER RN A OB O FEHE
&, GOSAT ®KEDHTH EIF & FE L T 5 0CO2
HEOZEE Y —OGEE HgE LT, BBt
VA= OFEFEEFHRDER SNIRIEF 12K & 2R
HhHEEZOLND, SOITRENEROICIRICLE 24l
A (BHEEE 2 &) RRRMECHRICET 5 ¢ v —
DRI SINL ZEDREE NS,

Z E X |

1) NASA Science Definition and Planning Workshop Report,
Active Sensing of CO, Emissions over Nights, Days, and
Seasons (ASCENDS) Mission, July 23-25, 2008 University of
Michigan in Ann Arbor, Michigan.

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

European Space Agency, Candidate Earth Explorer Core
Mission, A-Scope —— Advanced Space Carbon and climate
Observation of Planet Earth, Report for Assessment Novem-
ber 2008 SP-1313/1

S. Kameyama, M. Imaki, Y. Hirano, S. Ueno, S. Kawakami and
M. Nakajima: Development of 1.6 micron CW modulation
ground-based DIAL system for CO, monitoring, SPIE Asia-
Pacific Remote Sensing 2008, Noumea, SPIE Vol 7153
71530L-1

seidERKse, JILEAERE], REIER  CO, 77 7 2BMA L — %t
Y OFEIRMET, B 14 MIRA T 4 & — BlHlRTgE 4 2010 4F 3
H2H, 3

S. Ishii, K. Mizutani, H. Fukuoka, T. Ishikawa, H. Iwai, P. Baron,
J. Mendrok, Y. Kasai, T. Aoki, A. Sato, K. Asai and T. Itabe:
Development of 2 Micron Coherent Differential Absorption
Lidar, 24th Int. Laser Radar Conference, 23-27 June 2008
Boulder, Colorado

E. V. Browell, M. E. Dobbs, J. Dobler, S. Kooi, Y. Choi, F. W.
Harrison, B. Moore III and T.S. Zaccheo: Airborne Demon-
stration of 1.57-micron Laser Absorption Spectrometer for
Atmospheric CO, Measurements, 24th Int. Laser Radar
Conference, 23-27 June 2008 Boulder, Colorado

J. B. Abshire, H. Riris, G. Allan, S. R. Kawa, J. P. Mao, E. Wilson,
M. Stephen, M. A. Krainak, X, Sun and C. Weaver: Laser
Sounder Approach for Global Measurement of Tropospheric
CO, Mixing Ratio from Space, 24th Int. Laser Radar Confer-
ence, 23-27 June 2008 Boulder, Colorado

G.D. Spiers and R.T. Menzies: Airborne Carbon Dioxide
Laser Absorption Spectrometer for IPDA Measurements of
Tropospheric CO,: Recent Results, 24th Int. Laser Radar
Conference, 23-27 June 2008 Boulder, Colorado

F. Gibert, P. H. Flamant, D. Bruneau and C. Loth : Two-Micro
Meter Heterodyne Differential Absorption Lidar Measure-
ments of Atmospheric CO, Mixing Ratio in the Boundary
Layer, Appl. Opt. Vol. 45, pp. 4448 -4458 (2006)

D. Sakaizawa, C. Nagasawa, T. Nagai, M. Abo, Y. Shibata, M.
Nakazato and T. Sakai: Development of a 1.6 um Differen-
tial Absorption Lidar with a Quasi-Phase-Matching Optical
Parametric Oscillator and Photon-Counting Detector for the
Vertical CO, Profile, Appl. Opt. Vol. 48, pp. 748-757 (2009)

J. Burris : Development of a CO, DIAL Lidar at 1570 nm, 24th
Int. Laser Radar Conference, 23-27 June 2008 Boulder, Colo-
rado

F. Gibert, G. Koch, J. Beyon, T. Hilton, K. Davis, A. Andrews, S.
Ismail and U. Singh: A Preliminary Study of CO, Flux
Measurements by Lidar, 24th Int. Laser Radar Conference,
23-27 June 2008 Boulder, Colorado



