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Abstract

Japan Meteorological Agency (JMA) started an operational aircraft observation of
greenhouse gases as a new atmospheric monitoring activity in 2011. A cargo aircraft
C-130H in Japan Ministry of Defence is used for the flask sampling observation during
a regular flight between Tokyo and Minamitorishima (MNM) once a month. The air
samples are collected during a cruising flight at about 6 km over the western North
Pacific as well as a descending to MNM. After the flight, we measure 4 trace gas
concentrations of carbon dioxide (CO,), methane (CHy), carbon monoxide (CO), and
nitrous oxide (N;0O). In collaboration with Meteorological Research Institute (MRI), test
flights using the cargo aircraft were made in 2010 to establish a flask sampling
procedure on board the aircraft. In addition, a high-precision measuring system for the
trace gas analyses was newly developed. In this report, the details of sampling and
analysis instrumentations for the JMA aircraft observation and their performances are

introduced.

Sample air in the cargo aircraft was taken from an air-conditioning blowing nozzle
upstream of the recirculation fan to avoid the contamination of cabin air. We prepared a
1.7-L titanium flask of which internal surface is coated by amorphous silicon. Air
samples are pressurized into the flasks by a manual diaphragm pump to an absolute
pressure of about 0.4MPa. The storage tests for the flask samples during several days
were repeated to ensure the stability of trace gases until analyses. Specially
coordinated flights at a low altitude of 1000ft over MNM were made using the cargo
aircraft to compare with the ground-based measurements from the MNM monitoring
system in JMA. It was confirmed that our aircraft sampling procedure was suitable

for the precise measurements of trace gases.

The JMA/MRI developed the automated measuring system consisting of a NDIR
analyzer (LI-COR, LI-7000) for CO, as well as recently advanced spectroscopy
instruments of WS-CRDS analyzer (Picarro, G2301) for CO, and CH4, VURF analyzer
(Aero-Laser, AL5002-AIR) for CO, and off-axis ICOS analyzer (Los Gatos, DLT100)
for N,O and CO. High-precision analyses of our system were estimated by the
experiments using standard gases and natural air. In addition, our measurements were
evaluated from comparison exercises with the conventional GC methods to ensure the

consistency of other observational datasets from the JMA monitoring activities.
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K[RTIE. 2001 FE2 AL SHLLWKRKEAE LT, MEHKEZIALZEES
RARBBZB LIz, RELEEBERZAIC—EZXET SEHKED C-130H
MEMEFALT, EEXRRDI7SROEHZEITS5. MEE~DMITH, 1LH
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1. [ZCHIC

B #H D IPCC (Intergovernmental Panel on Climate Change, 2007) O #%3E (AR4:The Fourth Assessment
Report) Tl&, 20 XL S 7o R OVESIR O B3, B ARZEE Tz < ARITEH) O
BIRDEEY > THiz b SNEARENSIEF ICH W En@mEShi, 202 Lid, 550 ANAHEY
WL DIRENRAT AREDOHERICL > T, HEREREN S BICHETTHZ L Z2RLTEY, ZOXG
DEEOMEL 725 TWD, IRENRT ZADOPEHEOHIEZR EOXRZH# U 5124872 TE, ko
REAHFORE FHA2 X0 EECTRT 52 EBRRETH D, ZO7DITIE, RBLTHIET VORE
EELIZEDLLERDHY , L0 Z 0BT — 22 NETLHZLBRROLNLTND,

BLE, #AKSER (WMO: World Meteorological Organization) D4ER KA EMH (GAW: Global
Atmosphere Watch) FHEiTix, HFRAEOKEHEBCMERENSIM L, i R8T, ATZerk, Ao
REZLY . HEBRTADOKRKKPRE Z S TRIET 28RS LTS, ZAb 0BT
HBoniT—21x, 58T (JMA: Japan Meteorological Agency) 2% B S AV7-IRE BN R A A ARGk
> % — (WDCGG: World Data Centre for Greenhouse Gases) % ifi U CAB S, MHEZFE N A DEREH
PR O REES FRIBFEICIER ST 5, L LBIFERER SN TV A BRI TIX, 7 — & 23X
FEINTWARNWEAHIRSKIRE LTEHEESN TR Y, RERNRE AR 4 EfICHEET 5 ETX
XefEEL RS TWVD, RS, # BB TidZe <, EELEOZ SRR oM EIETE 5
WLZERIZ X DB O MBNEN 7 0 — X7 » 7 Ej T 5 (Stephens et al., 2007),

F v — 2 =2 F A UM BN CIIZ OB AN ML 12 5720, BlOT — 2 13RI b
22 B RO TR AT < 5 (Stephens ef al., 2007), Z AUk LT, EHIfTZeRE 2 R M L 72 80R01%.
HERHI CRIIMIC Do > TRIAR T — 2 255 113K b#E LIc HETh 5, [ERHJERT (MRI :
Meteorological Research Institute) & ENZBREAFFEFTIZ, AMME, A AMZE (JAL: Japan Airline) 1,
OB E 1993 HF 4 H LY HREA—ANT U T Z4ES5S JAL OEMREE LTI LIIRER T AD
Bl 2 fkfe - 45K LT & 72 (Machida er al.,, 2008), —Ji, 77 VAR RA Y afbb T 53—y
DT N—THfkEEE W8l 7 2 Y = 7 MOZAIC (Cammas and Volz-Thomas, 2007), CARIBIC
(Brenninkmeijer et al., 2007), IAGOS (Volz-Thomas and the IAGOS team, 2007) % 3fi L T\ 5, &9 —
DO EMRI MBI O FBE L LT, EHOEEEORIANEN R ETH D, ZOHEF, ==
— V=5 RO NA—FNERE EZEOBINC I T, B~ 1 E R & 7203 5
% (e.g. Brenninkmeijer et al., 1996) ,

IMA Tix, RZEORBNET AR ORI LT, MG E & BB ARRE AN 22 5 % 4 5 B
Brims g 2R L, SR T M S S EEOREETT 7 AaY 7Y 7 K HBIRAIEHE Z 2010
FENOERT DR, ZOFMETIE, SRIRLZRKEEEZ IMA IZRBIRY . ZER(bik

(COy), A% (CHy . —FfkiRFE (CO). —Mfb—=H (N,O) ZHEL T, 6D RZEZEBIT
DR L BB RWICOoTHMEIT A2 2L L Lie, ZOBMEZFERT HI2Y--T, IMA &
MRI (%, BUHITHEMT 288 L TORBEEE SO ITIERE 70 & OB S 2T L OBRFE 2 R THEM L T

_1_
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77

Frlo, SEIOBFETIE, 1OREITRRLF LW FEEZEAL T, KVLE LIRHEORORIE
VAT AOWEAE BT LT, 1R LWL TWADHRIEHEE ZDFIEIZ SOV TIX, WMO/GAW D
v R — b & LTHEIN TS (WMO/GAW, 1999, 2001, 2009, 2010 ), ZHNHDOHEFITL D &,
COL 1 ZFE R IRAM 5 #T3E (NDIR: Non-Dispersive Infra-Red analyzer) . CO, IAN D3I TN T A7 &
~ 877 7% (GC ik : Gas Chromatograph) Z H W FEBHER I N TEY . 2L OHEREL D
WMO/GAW OB TEHH ST\ 5, Lo LR Tik, S22 lESr oA L0 | Selic L —+
—Z AWt ORE R M L L. Z OBIA~ORH LAY 528 %5 (Chen et al., 2010;
Winderlich ez al., 2010), Z 0 & 5 2RO ZEAL 2B E 2 T, IMA ORIZESBLINIT b ot otat z H M
T5HZ&ELT,

AREETIE, IMA ORTZEREEIIN % Blth 4 512472 0 HFEBR S BB 2 KBRS AT
Ll BEKAENED O OSIT Y AT ML TRER T 5 L RFFIC, ZOMEERBROBRICONT
WET D,
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2. EBERERAEDHEIL
2-1 ERBEROREFMLHER
2-1-1 #RAER (75 X3)

4 2-1 1%, 41D IMA OMUZEREBLIN O 7= DITFHRICEUYE L7z AAT 24 (JANS) SLOLRIR AT
(77 2a3) ORI ZRL TS, K7 T 2AaDEUEIC S 72 Tid, BREFRImEE O X v © o
BT HFEHY 7Y TITEHAET D L O, Btk BEECRENEARE LT X U -OT TR
azEIR L7, 77 233 LIL ONERE T, JE ST 1.2~1.5mm, FEEIIK 350g & 720, EHEA L
WHIR G T, B2 iR B W T b aTE R B4+ R T 2 2 L 2B E L TiRES T,
o, PR ORERE A @D D20, B4 BRATELI L, ZOXAE 4K 0.3 (Rmax
B) ETHLMNI L, 612, HIAT T Ranpne@Rle g LT b EDOH A L ORISR D72
<, EVRIEHEEZETAZLICER L, FHAUVRT I 2AaONEICTEL T 7 AU 2% lum LA T
IZHREL, a—T AT TDHFREEAVDLZLE L, ZOTEIE, TAVIOHARA—=H—IZEBWN
TEET ABGNE OB 2B T 572 OIZBR%E Sz b O T MMEEMEIC HEN TV S (Smith et al.,
2006), 7ok, 7T AadiiymiciL, A7 v L AMOFEIN T — X317 (Swagelok, SS-4H) A HY
7z, K7 T 2203, BDTZDITEER 60 ARUEL | PRAFPERE DB 2 F2hi L T, &« OFpik 2 3F
AT ECBUANCEEH T2 & & LT,

2-1 RREREMBHR(T7 7 X2)DHEREEE,
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2-1-2 REMESBRO S E

7 7 A aORAFARBRTIE, KRB OAREE D 2 VITINBAEZE 5| Z LB L 721412, Rl L 72 FEBR o KA
ABFEE AL CERE L7z, BBHORKEE S LTI MRUE ETHY 7Y v 7 Lis b OB KERS T
—HBOMEATIT, TIROBRIEZES CREEAER (BR) $) L HT25H CHRIR L 72 EER O RAGEEH 2 L
7o 7o, 7T AIONIEIEZES| MBI OWTIE, EICHEER O A ZBRL 72D 0P A B &
LT, PEERMTHARAMZERT (AIST: National Institute of Advanced Industrial Science and Technology) 73ER
AL TWALEICHED TEM L7z, ZHiE, 120°CTH 12 B, BEZe51 X (1 x10°Torr) 4 % ALEL);
ETHD,

AR OZELFEHL, 77 A3 2~3 JUEREONTERIETE A LZEH%, CO, CHy, CO DOFK
ERRRELZHE L, 0%, |REIZTT2 B~11 HOMRGFE L2k, FRIEEITV, &YOHEME
L DENGIREECORBRE Z3HMN LTc, AHE T, RAFEZROBEMED L IRFRTOEEZ Z L5\ T—
AHY47- 0 OEALEE (ppm/day & 5\ ppb/day) Z ke, Z D% 7 7 A 2 OLRAFVEREO R EEHUE &
L7,

ESARD 73 HT I, MRI O ¥ % ff F L C 520 L 7= (Matsueda and Inoue, 1996; Matsueda et al., 1998)
CO, X FE BRI HTEE (Rosemount, Binos 4.1) . CHy & CO IT/KFBRMBHSR A TV A7 o~
k22 7 (Yanaco, AG-1F) ZfliH L7z, 3ATHEEE 1L, CO, T 0.03ppm, CH, & CO 1349 3ppb TH 5,

RE. STV TRBIE L 5 KOFEET X Z2FPEA LT, RERMEDIEREZH— L TEM LT,

2-1-3 2S5 RaNEBHEDEL 12 — T
B 2-2 1E, 77 A3 & RAEORKHE *%%%%Xzé
CRANCKTHBEHALT, CO, it B
A E L7 BR o A % FFA L 7 9M@—émmm& """""""""""""""""""""""""" |

SD

FRERL TS, B2 RKDT7 T A
ADT=ZBHLN, BENICRTE B 4
P 1% COL MR PSR H M B 7S
RoNTe, 2 RKOT — 4 OFEZEAR

=0. 020 ppm/day

B3 +0023ppmiday T, ML T —
0.020ppm/day T > 7=, ] :

4 2-3 (X, 7T A ROELOREE 0 |
RN R A B A L - 2B (T 004 002 000 002 004 006 008

002 JREZALIHSEE (ppm/day)
2-2 RUEISRAITHELEHAMERFO CORE
DEALREDHEE T,

WER L [EIH ) & ZOFEBRMBKET L
%, FERAIEORIE TR 2 B
A L7 FB (TRWAE 2 [EIH ) BV
TCOREAMEL., LOWREZLAFTM L= RE KL TORLTH D, ARI8ADT T XD
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EEND, ZOAH=A N
WZDOWTIIARITH 575,
RGO FEH A 0 I
Z LIk o TCo, DR
RENE SN D Z & DR
T&7,

X 2-4 1%, 7T Aa%R
ALER DR HE TR AN KA
BB A U7-328 (TRL
H)) &, 7T Rk IEAE
72| & L CREFEZEA
L7-5E8 (TDn#vas)) <
CO, IREEZMIE L, W& D
TR % R LT R %
RLTHD, 22Tl A
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39~44) [MBLHRTZ AR
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L7,

4 2-5 1%, 7 T A 3 Z RALELH 2 WML (R RIE L7 BB DGR %2 CO, DIREZA(LET
HER LT-fERZ2 R L Ch D, 77 ATORWE 1 8 H ORIERE RIS & BRED 2 3
HEZITNTN S 77 A aDBLEN NS D Z R gnotlc, iz, WEREMNZ T ERAFE
RS A 9™ 2 m 23 L & 72 28 OINEVLERTZ 4 51 H ORIIE D TR E WIREZMEM 27~ L2 B L
THORENRLREL, T—2HLBONATNDZ LD, BN R TIIRRZOFIH - Z 2 b b,
Dl &b, BREABESSCIMBULHE O T, RFEMEENEAAT 2 Z LITRD bR o T2h,
+0.005ppm/day LA N D CO, DIRFE EHZPiILT 5 2 LIXTE phoiz,

0.08 . .
(XS S —— e S S -
0.06 [--norf- oo e — S S — -

T71] S N N N N —

008 o o

0.03 | S — T ------ S — i
0.02 T ------
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RALE R MW@@ m&@@ INFSLER AL
1= H 2l H ! 2[ml H 3|l H Alal H
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€023

X 2-5 RUWHEEFEMBURBZFRLEFEOTSACKELEHABMZERFD CORENEILE.,

FEOFEERNS | MAEZEG| I X DBN T T A aDRERZEMICAEN TH L Z LB gholcZ
&G ARBIHITCIE BB CRIIBE I RTICINEAE 225 | & 70 E ORI AT ) EEARET 22 L L LT,
X 2-6 (2, BHE)”Z 7 A apilEE oM E 4277, OB 6 07 T 2 apE T, Mk,
BZEGIE, BT AL D=2 - FEZITHIBDOTH D, 77 AaDMETI~ > bk —Z —%&F|
AL, REE Y — L BREERICEVIBNREZHIE Lz, 77 A aNEioEZEG &%, EiEXE
ZER T EMA L, 1x10°Torr A—#—F TG 2179 ZE R TH D, £7o, BIETAREE 1
AP TE DR AR T THBY, ZOHA (fizEk, R, BEETRE) [TV T7T72ap/ 3=
FHEEITH 2 ENHEKD, O ORI OEEIL. 77 A 2O & R BRI DB LR
B EOBMIFICEY, $XTPC CHBHIETE 5, BUE, BLICHERT 27 7 2 =id, 130°CIlamzk
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L72IRRE T 6~8 IH D EZE5| & 217 5 Sl THIALEL 2 20 L T\ %,

X2-6 BHE7IXIRMLEEEDR

i8]

o

2-1-4 (REMREFMOER

X 2-7(a)id. 23 KD 7 T A 2 & BRI (AEELETE L 72RO T X TOFRERIZ DN T, CO, D
EEBEZBESME L TORLTH D, ZNDLOFEMARMERIT. 77 AaFSHICK 2-70)c 7 vy
FLTHD, ARNE, AFt 48 BT —4 255 Lz, &7 —% O E13+0.012ppm/day T,
HEAEMR 721X 0.017ppm/day T ¥ . (RIFHIIC CO, DIRENET LRI MmN RSN, Lol X
2-2 Ton L2 RALEE DR AE DR 22 {+0.023ppm/day  (FEHEfR 721% 0.020ppm/day) & bbb 2 f5f2
BEDIRAFHED [ LGRS STz, MBI T 5 2 3iC /L b ET ORE S OREICOWTIE, 7
7 A ANEER 2D O CO, DIHIC X2 & D DIEN, FERH OFREHES DI TOH R KDY, srfraizErs
EDON OPDOREEBERGEZENTND, 6o T, EREOREHMPORE FY 7 ME, Z Z T
fisn7cbDED b/hENnEB 2 6Nhd,
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2-2-4 HBEBRDE LD

P EZEDEE 1000 7 ¢ — b OMTZEREIC X 2 FRBREBLNCHRHE U 72 22 KB B i FEBR D #i 5 & iR by
L. UTOfERESE-, 1) 201046 H5 12 AOHMIC, H 1 [BIOMTZEHEH %8 L T EoBil
EE R TCE LT —F 2Bt Lz, ZORR, MZHBIIOT — 2 I35 EOEFRNE S A7 A TR
ORI FEHEHONZ— 2B HBLLTWe, 2) izl oz (der-# b)) (2L T,
BRI A= T X TCOT — X O5pAE 2 P~ TfE R CO, DA IZITHI+0. 1ppm~+0.2ppm  (FE
ff75~0.3ppm) . CHs D& 512134 I-1ppb~+2ppb (B #EfR 7= ~4ppb) . CO DA 12134 Oppb~-+2ppb (1
YR 7 4~9ppb) Th o7z, THHDOFRERIIHITRRERSY 7Y U T EEDEN R E2BET D5 L RBL<
—HLTWD sz, 3) SEIOMIT 2L, BEFEEEIC K D KRQEEID HIEICK & 22
AN N EBNHALMNCIR T, A% b, FIERR LR FEBR & RN E T 5 2 LI L - T, K&
BOFEIZRIER 2 W E IR L CBLS ZEBMETH A 9,
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2-3 RIEHBRIM S R T LOHEL
2-3-1 MEHADRIEE

2-2 EDZELERBULBEBROFE RS | BRBRELC AW BB IEDS BRI X 2 2 i sl
AT O ETHIENR RN ERA LN o7, £ 2T, ERTHWEFIEIZE SN T, TRWENTED
BRANC KK T2 D L 0C, FEIOT7 I A a7 v 7@ a2 EL T, X 2-18 12, B
BRI C@E S Lo 7Y o U AT DO AR T, £z, XK2-19 12, ERRITHENICRE L7 A
T LADFERAEZRT,

AN THWDBRBEEE L, TEIXA Y7 7 0K 7, BRiE, 77 2a, fiikst, JEDFH DK S
Nb, 77 A2 3iElEEBENTOETEERHITT D70, T IBOERIC 6 HEAL TINT 5 Z &
LT, BNTIE, 6 MM OERLI BELEABERTEE L, 24 KO 7 7 22 TH T 5 2 LA K
Do BRIBEERE 34 A > F, B 35em) ([ITHEAITH HiEFRIE~ 71U A FRE L, COy f=HES
ATN=V LT Lz, 77 A afiimdiE SR O] &2 2 EITIT D 720is, 74 v 7 ax
27 % — (Swagelok QC series) ZHH L7z, TOEE, ERBO—mIZITIZT 7 R 2 O O 25 &
EH, BN TORER AN RS0 5 K 5 ISR Li-, BN CITBIRZH AT 2 EBRE R Z L,
KNF #H8 DX A ¥ 7 7 LR 7B O FEOFE LAUSE LIz ORI 7 & LTHAE L
T2e 7T ADADIEREW L NMEDT=DI, 75 23D FHRMNCEE FRIEEEHE 7L R SR E 3
BT, HODUDPR L7 7 AaNOELOERIT, F8 U v My ORME TR 1 FREITV,
WATHI 1 FRE % D) THEIRE T4 0.3MPa £ TolBl 22X 2 IEERIT 5.,

X 2-18 FEIZAIEMEEMER,
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2-19 BRREEZHRE LE=HADKT.

2-3-2 i EXSADZEREREE

P S I EZE DB AT — # H BAST Do OITHIZEE N TR 7 7 A ah 7 U T &2ITI D, 2
ZHHOETH ETHL 7 I 2aY 7Y V2% s H720, BEIORKEBEEE 28 E L 72, [42-20

 HEIRGERBCEE OME 273, £72, X2-21 12, EBREICH S CHRIL TV A EEOFELZIRT,
AREEE L, BRRE, 7o V¥ — RUTIENF, ERRE TR S IL, B FERICT L IR oERIC
6 JEHHAL T 72 aBMHI N TWD, 2B, HEIXT X CHEICIThh D, AREEIT, EHIMZEHE
7w =2 b (CONTRAIL) TR 7 BB RS IEEE (ASE : Automatic air Sampling Equipment)
%%x&LT@Wémko%@ﬁ%@%@mowf@\MWMMamxm%)Kﬁb<ﬁ%émfwé
ARZEE OBE L HERBIZ DWW TR, HATIC S B GBLRIT CRBREL I A S5 L, BUAIET o Ege gLl o 2
T ACHIE SNDIRE L et 2 A T o 7o, ZORER. WE OMEIXIZIERER L OFPAN T §
LT WMol THICK - T, HEIZEXEBEEEZ W7 7 2 a7 ) o 72 KRE R8N 72
W & DR ST,
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2-20 EEBATAHAVSEFATIRREEDHMER.

2-21 BPASEREEZRE L-BAREXRBARE L TORROET.
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3. MU ARTLORE

-1 SHVATLOBE

3-1-1 N—F 7

IMA ORZEFEBLIIBRAGIZ 72 - T, HRER
L7277 7 23 REGEE D CO,, CHs, CO,
N,O ® 4 FEOMBESIKDOWRSE % miEE T
FIRFRIE S 5 72012, e abrat 28 AL
T BERE S AT AOBREIT- 72,
4 3-1 1%, AEBA¥E L7 BEHE S R T A
OB EEEZ R LTS, X 32 [IART A
T LOFEMRIREKEZ R L TS, VAT
ADWRITEIC 3 oDES TR SN TE
D, 1) BIEH, 2) 7722 gEIIER K
O, 3) i ohd, Zh b EEHE
R OAMEEE & B BE e OV B DRI D W
TLUFICiE~ %,

3-1 BEBAELRTLOINE,

3-2 BEBAEIRTLOREE,



KB AT HRE % 675 2012

1) OEIERIE, R OMBESIRREZ RET 5720 OIEMET 2 2 RIE AT 20 Th D, A
AT AT AR — OV LT RV gy - a—2 Y —sUL7 (B-Valve, C-Valve) % 2 fHz% (T, f Kk 20
KOFFEHETT XIS RE L 72> TV D, BH O RKEAEOGHTIE 1 HOorn—% U — VT THH5TH
LI, ZEOBEET AR NET HMREEE L LTHRAATE L2 2OV T Z5ET, 28T =
v LT (A-Valve) THID X HID KO ICERGEIES T, ZD2 RT3 2 72l AP
FA v (RUbh) BRI, Zhud, D ANEFREAROEERELE N CTIREL L LIS 0%
HE 2O, RIS~ OEBEARNTHT LWA AZERT 56D TH D,

2) 7 7 A BTHPEIL. 7T A T KRR LAEET R 2L, 205 ORI S) A il L
RN BFRIBZITV, STEICEAT H2E 0 Th 5D, ZOHEWERHRIZ, 7 7 X I U & BRI
bID, 77 AYPRERICIL, DI L7 A T 6 ROMZEMARGERINT 7 A a BN EEfirl e & /e > T
Wb, 7T AaDEEIC i%%#@%fmwﬁﬁf%ﬁfé&mwmﬁﬂnmoﬂi%&%uto@ﬁ
%, 77 ZAaOFE) LT LEBSHIOBE DT A R LTV D 22K/ A RERNICERICBRET
L2, MEREZER S FICLDEESIEOT A v i LT 5, BEHER LEEERIZIEY AT
n—-+aybr—7— (MFC-1) LY L7 (PVCl) ZMARIAI, Wim L ENEHIE LN ST
AADKRZRAEZHEANTHZENAHEE > TN D, B, BENCBIT 2MESREOWBE I L 5
JEAEA A TE D72 REET 5 7212, 9 CORE XN BE I 2 AR EELEE L 7= SUS316 L EP (Electro
Polishing) & Z# i L 7=,

—J7. BREEICIZA X —Y 7« 7 —F— (Stirling Cooler) ZEEA L, =— K- F7 v 7z &
S TREKABHFOKZEZROERS 2 &b L, A=V 7« 7—=F—F, NV ULTAZRELIZY
Vo =D R EEC L WEZEA VIR L, WBMEZMEAT 2R TH DL, KU AT L TIE,
20CE-60CICRRE LTe Y — T —2 AAEEINCHRE L, 2 BN TRIBOZIELZ DTz, Z ORISR Z I
FNZ2 % AE L. HKICEDRBOEE VR EOREERICIT, IV B CTHEATIZ L& L,
Fo, 7 — 7 — ORI EBBEORE I — X BB ST, BEHREOY—KIZ L Y BRBZEO R E(
XD LFRHC, 7 — T —@ilk ORIRRE 2 FiRICR T Z L2 B E Lz, R, 77— 7 —RITHES
NT w7 ENTAKNE, S — T — 1 IERHCIRE DS B o 7 RE Claliisa U ZE AR v 72 K 5 22|
TRV T DL L LT

3) OHITEBIZ. AA > DWRBEN DL LT-T A 12 4 BOSHEEZLFNCRE L, 20500t
W AT 23O B E S 2 I D MER 2 MAGA AT, A A L OFEO B DIEIC, EZ25E50

BRI E (CO 43#7 ] Vacuum Ultraviolet Resonance Fluorescence (VURF)) . i AF v v BT 4V
> 7 E T 5T EE(CO,, CHy HyO 4387 H Wavelength-Scanned Cavity Ring Down Spectroscopy (WS-CRDS)) .
X v BT ¢ —BHR L— I TR (N,O, CO. H,O 54T Off-axis Integrated Cavity Output
Spectroscopy (ICOS)) . FEH BRI 3 HEF (CO, 43 #7 H Non Dispersive Infra Red (NDIR)) A £ L, 4%
IHFFORIECH D 2 RV 3 > LT (D~G-Valve) il L T A A » OFHEN» LREINEA SN D,
F3-11E, AREIEH L7Z 4 BOSHEHE . TNHICEAT 2RENRE L ENZ2 F LD TRz, AE
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Y AT LTIE, COp i3 NDIR #& CRDS #F, CO % VURF § & ICOS §HC7F —# s T& %, 207
O, RRDOWFICHRONT —F ZEELEK L, WET —ZOMEHIICAENTIEHTE L Z EAK
ERFFBDO—o L5 TN D,

BN ORISR ORI I~ A 7 v —a3 > b r—F— (MFC-2,3,4,6) % #%(}. NDIR % 120 ml/
& L. ZRLISOGHTEHE 40~50 ml/3 (2o 7z, —T5, BOMRIOREICITE Y LT (PV-2,4,6)
BT, ERENOSHRHCETE 2B VEERSMT Cay br—L+ 5 k55 E LT, AL, CRDS ific
OV TR R S h o 2 = b o — L OfRE & L7z, NDIR PO dHE e & v A
RAREICREAOUBERD D120, B2V ST DRBIZA Y 0 — AR E 20— AB L TS A ¥ 7 T 2R
7 E P L CRE R RS LTz,

& 31 BEFAESATLITERLLSHE, 24

AE RS A R oHTaEt & (RE. LD
CO. FEDERFRIMRBUE (NDIR) LI-COR Li7000 120cc/min,105kPa

CH4,CO,H,O0 EERFXFrv X ¥ETaUY Picarro G2301 40cc/min,18.7kPa
G5 a3tk (WS-CRDS)  (Crosson, 2008)
CcoO B HIBER % (VURF)  Aero-Laser AL5002  40cc/min,0.75kPa
(Gerbig et al., 1999)

N,O,COH,O F¥ET s —#EiEL—5—M LosGatos DLT100 50cc/min,86kPa
IRsrtix (Off-axis ICOS) (Baer et al., 2002)

3-1-2 A FIR

BYET 28D WVIEIRKR T 7 A 23O 1 BOSHTICB T 20 Bz & LT, gEEdHlo 2 5
DIHE— RT3 o d, BFIE. 2K 20, FHlZK 105 L LTWD 72D, 1 DOREO o4
BT D EFHRRITA 12 0L 70D, K 3-31F, FROE— NIZB T 280Nz R L TW\WD, Z0OE
— Rl BRI D A A VIRBITEZER S TR T 574 v LR | BB ICEFEL TV T A
BERESND, ZOR, SHFEIPERSN TV DO RIED T A o TIE 2R a LT REI0 ED D |
A YR LBV BES T, ATEHCIES IR ARRIO T A BB ASINDEEHE Lz, Zhud, ®IiZ
TNTEHC T AR L TBL DDy I R—=D LA TV LI TH D, ZD/Ny 7R3 — Ui ek T
52 LI X o T, TRt OB NESCTENTIC—EICRIZI, TR0 B2 RS b oFrat o H o &4
B CRELSE D ENAREE /oD, DNy 7 8=V E O b & Hrei 2 5fE 9 25 b
BERMREDO —2ThH Y, I HICHIBOERFER THEL kD,
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M3-3 BFAESRATLOHRE—FIZETHRB, MERDSA UIE. ThEThFERENY T/3—
URBERY .

X 3-4 1%, FHE— FIcBIT 2R BOHENEZ TR L TWD, Z0OF— R TIEHER L2 A A Ui iE
iz Lizth, 2 RY v a Lo VT EY) 0 2 THEOWTFHIERE SN & & BT CRERDL S
ANEND, TDORE, A A FEEEOFRENT & ITR % ENTHLY 41772 NDIR

5% HowATO—ay han—5—
(MFC-6) THlflsND, P, b —HOWE

DOV Rz VT ORI, FEAICHEE S Y
7 b =7 H#HWT PC Tl S, T_XCTHBITHEEITH) Z ENTE D, £/, TOV—F R
HRWIG U CREEEETHZ ENAEETH D,

X3-4 BEFAERATLOFHRE—FIZE TR KT UL AHNRNTVLIRBETT
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X]3-51%, HERE— REFAIE— REEO T —HOOH Z2To 2 BIcE o= TF ¥y — hO—fFlZRL
2o ZOBNE, 7T AICH T NANT ALK 370 kPa THEFE LI b D& LIZFERTH D, A
DHERE— FTIE, A OMEEE=F—F5FE5 (PS-7) BEELZRT—FHT, Ny /—=TH
ADHTEHIIEAL D 72912, NDIR & CRDS #0 CO, H Mk 5, Wiz, FHilE— Rzl b
L& TTAADY L TNH RPGHEFHIRAVG D, RFFORGE &Y TOVEN PR A IIRT LT
W<, ZOfE], NDIR 5% T CRDS GO L, /Ny 7 /8= T A BY 2 TV T A5G LTz COy i
FEWZEE L, ZORIFFLE LI —EOHINRIZNTWD Z ERBO LN, ZiuE, ofritot'r
JEOHIBNERE TIThNTEY, 77 2aY P ENDIRTFICE 2HBEELZIT TOARNWI L E2RL
Too o, MZEHH OV TLT7 T 23 (& 1.7 Y » b)) 1T 370kPa TIMERIR L7230 22 R 056
IZiE, IERAE CESHTEHIEE 2 i 2 R 13 afRECTh - 72,

400— T T T T T T T —— 460
B N ' : B N ' : B N ' : B N a
. [}
350 450
(@)
=
S 300 440 F
& , EF
. E oF
250 430
w2 =)
- E
200 420 =
R a
H ; =
R 150 e 410 |
Q — CO2 (CRDS{ppm) | =
100 SO DIRPR). L 400 %
A | O O A AR O &
R NS
{ Lo . o ko]
' ' P g

0 i Lo T L 380
350 355 360 365
PR (57)

3-5 7T RIEH (PS-7) RU'NDIR & CRDS @ CO, HH AF v+ — kD —,

X 3-6 1%, HEXCE— R BEHAE— RIZBID b 2 OF v — M EJER L TR LTz, HERE— R
HEHHIE— ROV BRDODBRIC, BEL RS- AL VIRIEICINE L7 7 A a4 U U R—KITEA X
o &, BMRES) EAIC K o TRE NI ESIKROBRAENE Z 2 Al S v, Thakid
D12, BN T T A2 Lot TORGE R % 50kPa, 300ml/min DS T C 30 B 72T 36 O
O LUBAZITO HFIEEZBM Lz, ZOEL LEAOEMET, K 60kPa 7 T X 2t 7L ESOIKTF )
Db, HER LT A A R ORE SERORFEITN 370m BRETH 5 L WiED bz, — 7,
FHAE — NI W THITEHIRUE T A DBEADBHLE S LTS, HDNRTLE LTAE L 72 2 DITHI 3
SRREZET L2 0D hoTz, ZHUE, BLO T A @R L N OISE R B O & & A 722 e R
EEZHND, VURF G ICOS 5h b, IZIFRREE DL ERFH Th - 72,
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460

450

440

430

420

PS-7 (kPa)

= 410

R A |
100F B |
INSRSOSSORRRRRISRRRRRRRRR 1 A0F B U RSN SSSSSASSmmmns sanl & 8 @HﬂDSppnu,”
LI T N 02 (N[)H{ljifj::
50 : 1t ' - 390

0 | ;
349 350 351 352
FiArFE (42) 19F=0%

X 3-6 REUYBZADHFIZHEITS7ZX3EA (PS-7) RUNDIR i & CRDS 5 M COEAF v—
l"o)_1§|]o

(wdd-y1aN)z0D(wdd-sa@¥D) 70D

3-1-3 BEHFRXELRER

RRES AT LTI, 77 2B P OMEBESEOREZIRET D12 DICREDRR D 5 ROBETE
W A 2T T LTz, Wb 48 U » MAVEEO T L IBEEAR T CO, CHyy COL N,O O 4
K5y DA AZRA LT R RZE RN A DB A% D v v T 7 A 7 a7 AR LTz, %32
. BONCARHE S AT JMIBA LT SADREET AOREEL F LD TRLZ, 2B, ZhbORE
T, MIZEHEBLN CRUE S 2 BZEDREZ D A\—F 2Hi TRIE LTz, ZhODIFEET RICEEND
4 FROPELAORREMIL, BHATIC IMA ORIEHEE 2 FIH U, KERBERSUT #ERS X 7 AFRAENE
PTHIEREG S (NOAA/GMD : Earth System Research Laboratory of the National Oceanic and Atmospheric
Administration's Global Monitoring Division) (23T WMO R 77— /L CEfHT S 7z IMA O—IRFEAETT
A MWTIRE STz, £ 3-3 13, BET ZAOBIEIZ W2 0HTEFE 2 OREREEE, MK OHEIEEEIC
W2 WMO A7 — vk & TRLTZ,

& 32 S5ARDEEEEARIZEENS CO,CH,CONO DIREEE ZDIEERE

COz(ppm) CHa(ppb) CO(ppb) N2O(ppb)
ST1:CQB00095  365.87+0.008 1642.5+1.2 57.30.2 299.42+0.84
ST2:CQB00096  387.14+0.004 1778.1+1.6 100.8+0.3 314.36+0.81
ST3:CQB01489  398.20+0.009 1854.5+1.1 147.740.3 323.49+0.80
ST4:CQB02601  408.31+0.011 1930.1+1.1 205.410.3 330.67+0.59
ST5:CQB02602  428.48+0.010 2058.8+1.6 302.10.4 340.40+0.77
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x33 BEARAOBREICAV-AEEEL TOREREE. RUREICAWN=-R7—IL

BIERS oiEt BIERRE —RIBEFTADRr—)L

CO, NDIR ~0.02ppm WMO mole fraction scale
(HORIBA VIA-510R) (Zhao and Tans, 2006)

CH,4 GC/FID ~2ppb NOAA2004 scale
(SHIMADZU GC-14B) (Dlugokencky et al., 2005)

CO GC/RGD ~1ppb NOAA-GMD/WMO 2000
(RoundScience TRA-1) (Novelli et al., 2003)

N2O GC/ECD ~0.3ppb NOAA2006 Scale
(SHIMADZU GC-2014) (Hall et al., 2007)

3-7(@)~ (@)L, DI AT MHAIAENT 4 BIEO STt E N T, % 3-2 0 5 KOREHES 2
ZJE L7BRICAG Bz COy CHy, CO, NoO DR EMA T, 7ed, MEMITERE kX TT7 1 v 7
47 L, TNENOBREMRENESNTZT =X EOEEZFHELEEENTRICZ ey FLTHD, W
FTHOOHFHIRN TS, MERITIZFTER T 4T 4 7 TEDL LR’ pinolz, fEL, ZRADF
MNEVHET —FZFHBELTBY ., ZOFRKNO—2I% IMA (T80 HEEHE S AP DA 23 — k2
BRICE S TITOIL TS Z LB KM LR LB NS,

CO, DEFEITIE, “IRRER EPET —F &L OFIT NDIR 7C 0.1ppm TH 5 DIZxk LT, CRDS # T
1% 0.05ppm LA F DT, 200 i L OWPEDIEH/INE < XV IFEOE VY CO, JIED CRDS &1 CTIHEL
INTWDZ LD ALz, —F7 CRDS FHIZ L 5 CHy DA I ERR L WET — 4 & DFX 0.5ppb
LLF, ICOS FHZ &% NyO OAIZIZ 03ppb TH Y . W bIRIERAZOFFAN CIEFIZEW—H AR
L7z, E7o, W#H L& bHBREIOMREROHFBMES BN ERR L,

CO OHFEITIX, VURF 3L OVICOS & b EMET — & & OZEPH ppb LA EO KX 7258003 H
0. ZOJRKE U THERET X CQB02601 JRENKEL RUZ FLTWAH Z &boroTc, £Z T, VURE
FOHNEEICEVERER D D Z ERRE SN TND Z DD (Gerbigeral, 1999), VURF #HZ X%
COMET —H ZHEMMTT 4 v b LT, 5 ROEHES AREDEEEE L=, ZDOEEMEEZ AT, ICOS
FHT & D CO DBBARO BN % FERER 74 . BRI R & EE D728 0.5ppb UL T CIEFICRL —
45 Z 3RO b (K3-7(2) . LA EDOFERDG, 23BN EFOH IO b BRI 222
EXZOFBIMEIENTEY , ERRED D ORAET WMO < IMA I[ZB 2BIERAZOFHN T L
TWDLZ e mnol,



CO2-NDIR Signal
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Parand
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77 2012

T T T
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30

! ! ;
(@kx»VpRF; : : .

350, T T T T T T

(Hcoacos

L T LI S
Y e ; ; ; i ; ;

[
f=3
j=}
T
1

CO-VUREF Signal
@
f=)
T
L

CO-LGR Signal

100 g
i : 5 : : : i i Lo SREER
SOpeoe g i i

- i A N N
0 50 100 150 200 250 300 350 00 50 100 150 200 250 300 350
10 co (ppb!) 20 CO (ppb)

CO-VURFE : CO-ICOS :

S .
: 10 ®

S
—
: L4 :
5 [ il

§ s A5
10 TRIR R B H i H
050 100 1s0 0 2000 250300350 o 50 100 150 200 250 300 350

CO (ppb) CO (ppb)

e
O

Residual (ppb)
=

Residual (ppb)
wm O W
(
.

350 l I ! ! ! !

(@coIcos
300 -

T S T S —

3
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T
|

CO-LGR Signal
@
=3
T
|

0 i i i i i i
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CO (ppb) re-calculated by VURF

15 | Co-Icos

0 50 100 150 200 250 300 350
CO (ppb) re-calculated by VURF

37 BAWMHICSARDIZEARZZEALBON-E N EEEEORE,
(a) CO.-NDIR, (b) CO,-CRDS, (c) CH4-CRDS, (d) N,O-ICOS, (e) CO-VUREF, (f) CO-ICOS, (g)
CO-ICOS M#ERERT. LBRORDHKEEETNEL—REZRORERT, TROMTRE
BEAETF—2 EDEETT,
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3-2 AEFHDERE
3-2-1 FHiRIEFRE

BREGUR O & IEREICIIE T 5 72901 iE, BB ER A & et VCEA Ltk AR —E &
RO R TT — 22 NET D ENNETHD, £Z2 T, ZOWET —F ZBUFT 5 FHAIRFHE 2 R E
THDIC, MR NBTFICLET 2 DOICET DM ARG Lo, 3-8 (X, DT 23084
CRDS &F. VURF &F& NDIR GHTE A, 13 3O Z N OYRFEME DRI AV A ]~ T2 R o — i &
RUTz, ZOKTIE, 2 BHERETEITEINOHEIMEZIE L, ZOT—F 0 0FHHE L7z 1 4 oFY
IREEME L 2 DIEERAMELZ 72y FLTH D, WTNOOHTEHIIRW T HA 6 R E TREMENLE
L. ZOERERFEGIZE - EOMEE 2D 2 L PRI NIz, AL, REMMNLENT DHRFHEETH O X
— ISR L > TEDDENRERD S, ZhiE, BOWrEt ALt L O B 0E &
FIRFIC, SABIZERE Ny I N—D AL DREAEGHBEL TWDHLHDEEILND,
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DT REEORREIL,
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bz, LRLoORHIZEO IR ARV IR LATV, SHIIRER OE T K 2 IE R O 2k A& SRR R
Az, X3-9 1%, 23 [ER Y K LT 72 EBRD B 5 bz 3 50 R EE ORI 2L & & O RS (R 2
EORREZR L THDH, ZOKTIEL, 8~10 ZHOFEEREMICKIT 52471y hLTWD, WTh
DEMTEHTIBNT S 6 7 LA OIREEIL 23 BIOREDIXTH S X OFFHANT—ET 5 Z LR SN,
fBL. 6 LS ED 2D B RFHIZ WM 2 R T otk b R bz, 22T, AR E O
PN CZELRM Z 210 & 0 IEDREZ TCELRIT/NSLTHERMZRIRT 2L L2, 2D
fidR, R AT LA TEPEHIRE 2 AT 2R/ % 10 70 & L, & D 8~10 750D 3 /i 2R EF A
D= OFHAIREE & L7z,

0. 050 0. 500 _
" (a) CO2-NDIR . (a) CH4-CRDS
£ 0.000 L. S — s P S— e PN 1 03 0.375 L ]
g f L : 1 8 °
= -0.050 ... e L B 1 08 0.250 [ | h
= ? l IR ° ®
| r 1 ]
§—0.100 S — ] % 0.125 [ LSS A [ Y S .
: ] '
~0.150 © 1 0. 000
3-5 4-6 5-7 6-8 7-9 (% 3-5 4-6 5-1 6-8 7-9 (4)
0. 400 0.100
] t (d)N20-1C0S T T 3
0. 300 1 0.000 ﬁ() ,,,,,,,,,,,,,,,,,,,,, S PSS F To E
—_ g 3 : ® ° ]
g 0200 E-0100 , SR . IS
0100 ; 8 o . : ;
z 0.000 g e -
S 0,100 ; 320800 ]
-0.200 & . ] 1 -0.400 C . ]
3-5 4-6 5-7 6-8 7-9 (9) 3-5 4-6 5-1 6-8 7-9 (4

39 HBEAHARHMZE 23EEALFIZ, (a)NDIR 5. (b)CRDS &t. (c)VURF &t. (d)ICOS &t Tifl
ESN-BEMEIAEHESD 3 NEDOFHREEORMELL. T—2L8~10 /HDEEZEEL
LI=EZTTRY, T7—N—[FEREREZEZTT,

FRETIER L@ | GHAT 2B R LRy Z =D R L DOPREFEN TR O R E R I
BLHx b EBBERERNO—DLRoTNDHEZx LN, ZORET, RbMEERMNEZLELTD
CO,DELGRIZKRENEBZOLND Z LMD CO R E L TEDRBELMANDEREITIR>72,1% 3-10
IE. CO, Z T ERWVEEIAT A ZEANLIEEIC, WL E®RZRHNIAERO—HZ R LTz, BIIRT
WY, COEEERVHAZTE LIEHIC, RERUSGEVEHEST A% E AT 5 & HAMED EFAAHkE L, 15
SR L CHRE LIHMEN S LN ERR LN, ZIUSK LT, REUSIT O EE OFEHE A 2
AN L723561213, NDIR G CRDS &t CO, HIMEDLZEN AN Z & RHRICEEO bz, ZD%k
BB FRIT, Ny 7=V HRAZONTE, TEXDEIET 2 KEUTEWIRE DO H A &5
DMENDD Z LNy ol
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K 3-10 CO,ZEFLIMEEHRZEA LD NDIR §t& CRDS 5@ CO, HADGE AR,
(BL) BARHOEBEZEAKREZVGEADILARE, (ATF) BARHDBEENNSIVNEED
ARE,

3-2-2 EIEMEME

7T Ak ET DB, AEES A A EREE A L CREARET S, ZOEAORRHEIC L -
TREOWERENEELZITD B2 0N, £ T, EEST AL 2B EORMFEROEWC L D
WBLPRDFEREAT IR T, FET A SKE 77 Al AR AISEAT 5 HIET, st6 KD 77 A
2 11 FENT CTRIE 21T 272, ZOWET —# ZFH LT, 8IERFFIRAK 20 75 D56 & ik
LT, ZNEDEWEK 2 K &8 10 RO IEMBEOS A, HIEMEIZ EOREOIREEDNEL D)
ZEE LT, ZOREHEIZOWVT, NDIR-CO,, CRDS- CO,, CRDS-CH, & VURF-CO D /34 & 4% L
TebDEE3-1ITRLThH D, 2P, ZOFHRITEMEND ZREME L R ffe sy L TRO 72, WTnoE
KEROWETH, BIERFFERERES 2 B X 0 & 10 B0 TR 2 AT — 2 OS5 BARE <20
ERGEMET T2 Z LRRO BT, UL, BT 2R OEABE R D72 | BIEORHIFRO R
AIE, RO FRE L THO OO R Y 7 F &2+ ICfiETE RN E 2R LTS, FFIC

Z O\ VURF-CO IZBHZE T, OGHEFHIIEARTH DO KU 7 EBRREWZ ERNFEKTH D Z &0
ST,

EREEECOMT 51213, 77 A ailEh | REITHFET A TRIET 2 TIENKR TH L0, — 5T, &
PN R 720 | FETAOMHBENEZ D REABEL D, ZNHLOREEBEL T, AKFEEOZREIHT

g4 —
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160 T T T T T T T 160 T T T T T T T T T
“(®) CO-VURF (TOBERR) = | oy o | F ()| CO-VURF (2B%Rs)
40 L e MO
T | £ U i P
120 ¢ T g 120 ¢
| I
w oA
oo B
I
of i i i N ]
1§ 1§ 1§ 1§ 1§ ; 1§ 1§ 1§ 1§ 1§ 1§ 1§ 1§ 1§ ; 1§ 1§ 1§ 1§

3-11 BRIERIFEAS 10 B & 2 BRI DIHE D EEAIEED /8. CO-NDIR(a,b). CO,-CRDS(c,d).
CH,-CRDS(e f). CO-VURF(g,h)s

3-2-3 BRiEtEeE

WZEEIC R T 27 7 A a7 Y 7Tk, WRHREB~ 722U L&l L CRIGUBIOBRIE 2170,
BERNORIFIEICHT DK OFBEERMORS 2L L Lz, L LARL, KEAERTIE, HENZWD
T2 DIZSERTR BRI LN EE T, £ 0.2-0.4% (BEARIRIE TH-5~-12°CITHY) DKRZER (H,0) 23RIFT 5,

3-12 1&, APEV AT KDALY 0.6 : . . 500

S Ay S N TR : : 5 9
T 7T AT RERE R LI 4“%
2% 572 CRDS @ H,0 & CO, D 460§
HHF % — b O—BlE7 Lz, 20 g
AEHTIT HoO 2349 0.4%584F L Tk 440 -
b, CO, DI HO ZHIIE LT= S
CO, Al (COpdry) & T 42°§
2.5ppm FEEEAR S | KA DL 400%
L ZIT DT ENRIN TN D, T )
Z T CRDS Gt hans ' 380é

|

10 15 20

CO,-dry f1E H,O fIEDRDET PEIEREE (57)

) EREAKRAHTEI S LTI @312 REEAHEVAREKESA LI CRDS
a1 HO H,0 & CO, HADBMELL, COqdry fElE
z 7 ES _ —

T 2 I AR E R R R CRDS MEITRAH SNfEERT.

T HMENH D (Chen et al., 2010)
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KHE > AT L TlE, COp-dry fE% 0.30 430
i L 722V Cordt AR 7 7 A 8
0.25 42013
aREEZ R T D FEEERH %
Uiz, Z0fwicag—y 7 s— 020 40z
o
7 — & HOT BB E R EORIE < 015 1002
PEREDMBAA SN LT, B 313 12, g -
. T 0.10 3908
KRNES AT DDAE—Y e 7 — P
T —EFB & T, 7 7 A a2 KEAE 0.05 | 380
Lot LTCBRICE B vz CRDS & 0.00 ks o J . \‘*’“""w»wmmij‘ww 370§
H0 & CO, DHAF % — kD—fil % | ? | —H20 ; E
-0.05 | | | i | | 360\./

R LTz, ZORERTIER, UIRERIC 0 5 10 15 20 25 30 35

reiEpHE (47)

H,O 7% 0.3%FREED ) %2~ L7273, R _ -
X313 RE—Y 2T - VI —F—I&BREETRD

AL 44577 0.05%LL T (FF RURE T CRDS #2#75t M H,O & CO, H A DEBEREZEAE,
S0CLLF) It AKGEME TS5 = CO,-dry {El¥ CRDS REf CIRETE SN i={EZTRT,

EDHEREN T, Z OKBREBEDHE

I, CRDS #THI S5 COp-dry il & DELERH B 0.03ppm LL T & FLFE S Hav, 13 A EHIERZE L
FRETHDL RN ghole, TRNHDORERNL, 2 BEORZ—V 7 « 7 —F—DORIRIZL Y, Jl
I 2 DREROE B IZTREIRETE S Z EBHFEahiz,

3-2-4 HHI—ITUR

ER U 72D < OO ERBIE ORERIZESE, 6 MO 7 T 23l a2+ 2720 Dy —r v
ABRE LTc, =T AT, BETASK, 77 A3 3R MGETASK, 77 233K, BEHET A
5 KONER T, AFt 21 BOSHIESR E 225, 1EOSHELIL 125& L, 6 HO 7T 2320815
DIZET HRFINITK 4 B & 72 5, X 3-14 1%, 2O —47 2 ATEEEIC 6 OB ZER Z2HIE LB
BonEost oM F v— O —FlZ27R Lz, WTFhooHEt b alEBE A 6 LK, 1ZIEH 23
—EDETLZELTNDZ ENSD, £, CRDS-H,0 IET—# 1 0.004%LLF T, AZ—Y 7 -
7 — T —IC L DBRIBNEFICEBTETND Z ERREINTZ,

X 3-15 1%, o#rth D7 7 A il OREFHEOFIEZHXMNR L ThH D, 3, FofretoHHE
X2 BmICEE L. TR H0 1 O FEEZENT 2, 20 1 5 FEZ VT, 1 oI AEE T A E
I X DM A RO T 7 A aRBOREEAFFT 5, ZOB, SWEtO RV 7 NE2BEL T,
e H 2 OIEERERITESY L C 7 7 A2 2IE ORI A b E T E 2R CIREE R RIS A Uiz, Bi&rici,
8~10 DD 3 Sy OREMAFE L T7 T AaDREME L THRHAT L2 Lic Lz, ZOB, 14
BOFEREEORSRYT — 2 @R 7 vy L, KED 8~10 53 DREMENR —EL 2D Z L 2B L
72

o m
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3-3 teREEERER
3-3-1 AIERE

APE S AT LA THNTTE D 4 FEOMELRMAREICOW T, JIEREZ T 2 2 2OFEBREIT-
oo FT. RAOFHImER TIX, R 3-21TR LIEFED X 5 A% 3 Ak L CHIEL, 2EHICHIES
TS R B pHTRIR T A L FZ2 Lo 1 EIH KO3 [8] H OFEHEA 2 ORIEE TR D 7= R mff Ched =
HIREHEEIT -T2, ZORIEE 11 [FIFK UFE LT, 2 OEEREEZ RO R 2R 341K LT,
CO, 122V TlE, NDIR & CTOHIEREEE A 0.064~0.079ppm TdH - 7= DIZ%F LT, CRDS DA IT
0.010~0.018ppm T, LV @mWED K ULIFETHD Z ERRBO BT, —F. CO IO\ TiX, VURF &t
T 0.15~0.62ppb TH - 72D~ T, ICOS # Tl 0.06~0.17ppb D X HIZEWVKEE TN TE 52 L3
5372572, CRDS FHIZ K% CHgl3 0.21~0.31ppb T, ICOS FHZI L% N,O 1E 0.059~0.094ppb O &\ it v
KUK EN G Nz,

F3-4 REHAS5K (ST1~8T5) % 11 @R LBAE LI-BROFRERE.

CO;-NDIR CO,;-CRDS CH4-CRDS CO-VURF N,O-1COS CO-1COSs
N=9 (SD:ppm) (SD:ppm) (SD:ppb) (SD:ppb) (SD:ppb) (SD:ppb)
_________ STL_ 0067 0018 0207 0147 005 008
s o079 0014 0310 " 0199 - 0065 0.063
.ST3 0066 0017 1 0308 0332 0094 0.063
_________ STa 0070 0017 0312 0478 0082 0115
STS 0.064 0.010 0.226 0.615 0.069 0.166
Average 0.069 0.015 0.273 0.354 0.074 0.099

# 3-4 THRONTEARV AT LAOSHHREEIL, 16RO GCIEIZHAT, FA%H 5 WIXENLL EO@E
WULKEETH D Z ENrhole, TOREO—fF]E LT, NOAA/GMD 23ERF 32 WMO A7 — /L DFE
P AETHN SN TWDRIE S AT L O Y IR UKSE 21~ Th 7z, NOAA/GMD (23T HHIET
I%. CO,. CH,, CO, N,O ORIEREEIL, £HZ 4 0.014ppm (Zhao and Tans, 2006) . 1.85ppb (Dlugokencky
et al., 2005), 1.2ppb (Novelli et al., 1994), 0.16ppb (Hall et al., 2007) & #s X T 5, JIEREE DR
EISEWNTH D DD, KR, RO GCIEIZH A THNOIEI 2 HWEAR S 2T LD FIED T,
DEVIEECTRIEPTAD Z ENRO LNz, ZTHDORERIT, RES AT MBI HERENT A D
AL B O BHOFNEICHEN 2N L Z R TR TH -T2,

WA, FEBEO RKEE O ST IO Gtk TRIE RSB 2 3T 5 72012, Mz O 7 7 2 a%FIH L
TR E T 5T, ZOFEBRTIE, 6 KDOT T A 2|THK 3-2 1T LIAEHET 2 CQB00096 A FetA L,
DY TN L [E TN CHIEZ Fii L, £ 3-5036 K077 22zl L0 FEREE & =
DIERERABEZBERA T LICE LD TR L, TOMER, /RO GC LI TR%E® 5V IEZ L
FOBWKEETHDLZ RO LIV, 7T X anboiret~OsEHE AIZHEN W2 L3R S LT,
AL, B3R U7ZAZHET 200 3R LRIEIC A D R R & REREREN RO, 2k, 77 A=
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HEET A T T DO~ b B ENTE Y FERRITIEE 3-5 ORI bEVIFEORIE 3 #
RENTWEBEROND, ZOERTIL, COIREILNDIR i & CRDS 510572 2 73t THIE S
TEAERMBF AL, WE OMITRERZOFPAN TR —H L TV D Z LR3@BH LN, FERIZ, CO b
VUREF &t & ICOS 50D 2 DD pHat b bN TR IR ICRW—8Z /R L, £z, FolE L7 gED
AZADEEE HIFFE—BHL TWVD Z RO LN, ZNUDHLDORERNE, #VIRURERE T TR, %
BROWREERIE b IEMEICETE TVND I L BREETE 72,

£35 EZEEHREZTISROGAEICKELTRELLKER

CO,-NDIR C0,-CRD CH.-CRD CO-VURF N,O-1COS CO-1COS
(ppm) (ppm) (ppb) (ppb) (ppb) (ppb)
T3 (A 387.16 387.23 1779.2 101.7 314.0 101.6
IEERE 0.05 0.06 0.68 0.36 0.03 0.34
F—5 6 6 6 6 6 6
EriFfE (Bl 387.17 387.14 1778.2 101.2 314.0 101.0
= (A-B) -0.01 0.09 0.99 0.49 -0.01 0.58

3-3-2 FEALEMNYHER
—MIZ, IEEREIC BT DWUER ALY BV OBRIEIL, KRG FORICE VA CDENC L DA
N OEhE (PB W% : Pressure-broadening effect) D FE% 51T %, WO RIT e — L o fidl
(Lorentzline shape) THRILEAL., WIHE ALY FALOIRIZE A LTRSS, KRIES 2T A
TERH L7z CRDS 52 ICOS FHIZ DWW TR, WINBRA Y M D& S Z 3 L T\ 572, PB 21RO
BE T D ERERAENAEL D,

PB 2D —D L LT, HAMMDEENER S THY (Cheneral,2010), AHFETH ZDHIZD
WTHRE AT o 7o B72 DRAOREE T X & el 42 Feb & LT, RZE R — A DIEHET 2 & VT
TN Em EIROVERRAERN— AOIERET 22 {IE Lc, K 3-16 LK 3-17 1%, 3 FEORE DR
DERZERE ARE Y AT L THIE LT2ERD CO, MO CHy i R &2 Z 4R LT %, COL I DWW T,
ARE > AT 50O NDIR (Li-7000) THIE L7252 EE{E & IMA #1E3L(E O NDIR # (HORIBA, VIA-510R)
THIE U= 2 Lo U 72 5, 0.1ppm LA F O 7225 ThHh o 72, & Z A3, CRDS it 13, NDIR
FHIHARD & 0.7~0.9ppm HIKL | WHOHFFOMIZ K E 2 ENA Uiz, ZD7EF, B15 2 CRDS 4347
FHIBI DT NV I 2 EEROVHOEWVIZ LD PB RO ELEE2 OND, Ll RUETV AT
LIZBT D CO,METIE, T bEDERR EIFIER UMK Z ol 4e [ — 2 OFEREH 2 %
WTRKAEBIOUEZITD Z D, T AMEEDEWICZE S PB IRIFIFEACEHATEX L LEE LN
%o —77. CH4IZ 2T CRDS £ & GC/FID i£% i L2 358121%, 1 ~2ppb BREEDIRFEET, HIERR
FKEBZDHE CO, THEICAONZT VI NILD PBOROEEI NI NEDOTH ST,
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0.2
fffffff MmcrDSco2
0. M NDIR-CO2(LI-7000)
COEE et el - 1 P e
o
So2 BN B O .
o
= o B B OB
@-0.4 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr .
a ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
apnys B E e e e B
2 -0.6
DR == = = .
0.8 BN B e .
1.0 | | | |

425.2 425.2 406.8 406.8 364.9
CO2 (ppm)

3-16 FILTUEEEFLVERERIN—ADFREHAD CO,iRE% NDIR (Li—7000) & CRDS T
BIE LR, IPDEFNDIR (HORIBA VIA-510R) TRIELELEDETRLTH S,

5.0

4.0
3.0

CRDS - GC/FID (ppb)
D = o =
o o o o o

o)
o

=
o

o
o

2070 2070 1902 1902 1641
CH4 (ppb)

317 ZITUEEFLVAEREIAN—ADZFEEHAD CH,iRE % CRDS TAIE L-#HR. M0
{EIX GC/FIDATRIEL-ELDETRLTH S,



KRG TR BT

EHlT, KRR
NTWDHHEITH, CRDS HTaHIC
L IREERIEIC PB 2R E KIET,
4] 3-18 & [X] 3-19 1%, Ky ENFE/2 DK
Kkt 4 CRDS Zp#rat CHlEL ., £
BRAS D7 COy KON CHy DK Z Al
1E L7 HE & AREREEORGRE
a2y b LR EZ R L2, CRDS 234
FHZ I T HRZEKHHIED 1%
REITITIT I L 72 BE£R CTHIEAR S
BRESIVTCWD Z ERgnD, L,
Chen et al. (2010) CHE 4TV 5 BifR
X (ROFM) LT 5 L. Kok
B TH Oz CO, TN CHy DFESR & 1%
B OMNCRR D Z ENghoT-, T
AT K DT WIMIME L Lo tEr
ICRESNTWAEEEOE EHHT
RN EERLTND, &BIT, k&
R[OFEIL PB 2R 721T Tlidze < Al
LR LMboTnDEEZ LN
%o [ 3-18 LK 3-19 (2%, AZEE CHI
E ST HO BEDD AR CTAET D
WIEEZ R ool Ae R~ LTz, 20
fERD 5, PB 2R L ABENR O S D
FHERHDLD LD EEZ BT,
K5y BN 7R B RSB
AR AT LAONDIREEE CRDS & CHll
TE L. WD COy i HE D 78 A KRR
WXL Cr ey b LEzfERZ2xRT, K
RYEY | OHEHC L D EITKR DR LR
E B L72BIRRICH D 2 & 3 ERR I
D BTz, ZHUE. mOHTERE AR
RIZFE U T, ZOREIHEINTND
ZEnb,

ICAKRZRRDNE &

LKA

3-20 I

T E 4 BE D&M T I CRDS

Parand

%6775 2012

H20 (CRDS) (%)

[ 3-18 CRDS A #&tIZ & % CO HAfE L KKZEREEDE

12.0

X 3-19 CRDS 7173

0.0

%, CO, B ANEIIHINIBDOKETEHEZEL D
ETRLIz, BREFBRIIZENEN, Chen et al.
(2010) THE SN TS FER EF]R (Dilution) %h
BRERBEL--ERETRT,

~ CRDS- CH4—Hj jJ% ,,,,,,,,,,,,,,,,,, A L ]

""" (mW”ﬁWWW“WWWfWWWWf””W‘

,,,,,,,,,,,,,,,,,, ,,CH4,=1900

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S S |

Dllutlon (1900ppb)

0 0.1

"""" 7}7 707012494-24 IOSX R——(}9999~~'~~~*

i | i
().2 0.3 0.4
H20 (CRDS) (%)

kB CH EAE L KERESEDNE
%o CH, H AEIXHEIBRNEIBDOKBRSHEZEL D
ETiRLfz, BEREFRIEENETN. Chenetal
(2010) THE SN T DHER AR (Dilution) 5
BERBEL - E-HEREETY,

0.5
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FHEBIT 2 PBHIRICE D bDEEZBND, 2F 0, REHHOKELKEOHINT X - T PB 2R HY
K L. CRDS it ORIEEE @B VFHEi & 720 . NDIR & DOENELTZZ L2 RL TS, HL,

—HBIE NDIR FFOFRARIUT KT 2 K3 T b E FAL TN D, KZEKED 0.01%LL T DD 20 i B
TERR TIL, CRDS &F& NDIR Gt & DZENIEFITNS KR D ZERBO LN, RO AT LDOAZ

— V7 e =T =L DBRIETIX 001 %L TE TR EEZRETEHZ Evn, CRDS ofretizEs T
% PB IR EFHIRIC L DBITIFE A ELEBYTE L EF 25,
1.5

:fﬁCﬁRDSﬁﬁﬁCOZﬂiﬁ%:ﬁfﬁfﬁfﬁfﬁ:ﬁfﬁfﬁfﬁﬁfﬁffgﬁfffffff
,,,,, (NDIR,,CRDS),,,,,,,;,,,,,,,,,,,,,,,,,;,,,,,,,,,,,,,,,,,,; =

0 0.1 0.2 0.3 0.4 0.5
H20 (CRDS) (%)

X 3-20 CRDS 73#&t & NDIR 2 #&tI2 & % CO REZE L KA S EDE R,

3-3-3 RfLiF#HR

ARRPE S AT L THWZDHSHENT. R E L TRIBORN L —F =2 AT E 7D, FED
[FNLAHER A FF D0 F 2 5HI L TV D 2 L2722 %, B2 1EX, CRDS @ CO, Tl 1603nm @ L —H—3|Z
L0 PCY0, DATEER S Y . MO FNAKLLE B COTHIE Sz, 7o T, R COMED
FREFCH . ALK B AUTIE ST DIREEISEVWAAEL D Z LR Y . g 2 2 CIERALER
B (Isotope Effect) EFESZ & L35, EREIC ZORINAZHENRIEE 72 501, RN 2 L KGR
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KRB FEAT BT s —Fa 3k

Ny 7 7T 0 RREAIGGDOMEED T (BB SIS Yerrn b JEEE, 1978)
Development of Monitoring Techniques for Global Background Air Pollution. (MRI Special Research Group on Global
Atmospheric Pollution, 1978)
B KL O MR B NS HBRRE OFRAATTE (IR LAFZESS, 1979)
Investigation of Ground Movement and Geothermal State of Main Active Volcanoes in Japan. (Seismology and
Volcanology Research Division, 1979)
FUBAIFTE - FEHD T e SR BN SkEs e (FEFFRED - Rz - AR % - Mgt 18, 1979)
On the Meteorological Tower and Its Observational System at Tsukuba Science City. (T. Hanafusa, T. Fujitani, N. Banno,
and H. Uozu, 1979)
T HIER H P BLA S 2 7 Lo BiFE (MERKILBFSERS, 1980)
Permanent Ocean — Bottom Seismograph Observation System. (Seismology and Volcanology Research Division, 1980)
A A IR —400m  (31% 500m) & 1,000m & — (1934 —1943 4 K (8 1954—1980 4F)  (MEFERIFZEEE,
1981)
Horizontal Distribution of Temperature in 400m (or 500m) and 1,000m Depth in Sea South of Honshu, Japan and Western
—North Pacific Ocean from 1934 to 1943 and from 1954 to 1980. (Oceanographical Research Division, 1981)
FRJEE A DOREIZ D728 D KRR B OSRA H S OBl (5 /@ BEF 2258,  1982)
Observations of the Atmospheric Constituents Related to the Stratospheric ozon Depletion and the Ultraviolet Radiation.
(Upper Atmosphere Physics Research Division, 1982)
83 FUSRFRATOBATE (HIFRA LAFZERE, 1983)
Strong—Motion Seismograph Model 83 for the Japan Meteorological Agency Network. (Seismology and Volcanology
Research Division, 1983)
REAFNTBT 25/ OIS ET D08 (WELRERHITEES, 1984)
The Study of Melting of Snowflakes in the Atmosphere. (Physical Meteorology Research Division, 1984)
ENRTIRT B 5 I d0 1T 2V KB (MR K LAJFFEER - VREDFFEES, 1984)
Bottom Pressure Observation South off Omaezaki, Central Honsyu. (Seismology and Volcanology Research Division and
Oceanographical Research Division, 1984)
HAFEOARRIEOREEE (FHRMFFEET, 1984)
Statistics on Cyclones around Japan. (Forecast Research Division, 1984)
SR & RRTEYSE Ok BE 920198 S XIRATTEER, 1984)
Observations and Numerical Experiments on Local Circulation and Medium —Range Transport of Air Pollutions.
(Applied Meteorology Research Division, 1984)
KITEEEEAHFIEIC B 20178 (MR K IUBFZEES, 1984)
Investigation on the Techniques for Volcanic Activity Surveillance. (Seismology and Volcanology Research Division,
1984)
KT RERIEERET /L — 1 (MRI- GCM— 1) (F#IFTEE, 1984)
A Description of the MRI Atmospheric General Circulation Model (The MRI + GCM — 1). (Forecast Research Division,
1984)
BEOREEDZAL L IR DHFFE— BB 7916 O—AE— (HEATFEES, 1985)
A Study on the Changes of the Three - Dimensional Structure and the Movement Speed of the Typhoon through its Life
Time. (Typhoon Research Division, 1985)
PHRHMER T 7 /L0 MRI & MRI— 1T OFA A ELEERIFZE — RHERE SRR —  (HEEXIRATIEES,  1985)
An Intercomparison Study between the Wave Models MRI and MRI — I — A Compilation of Results —
(Oceanographical Research Division, 1985)
RPN B3 2 BRI K O BRI E (MR K LJFFEEs,  1985)
Study on Earthquake Prediction by Geophysical Method. (Seismology and Volcanology Research Division, 1985)
AEHeER M | A R SGRR AR (FEt7EEs, 1986)
Maps of Monthly Mean Surface Temperature Anomalies over the Northern Hemisphere for 1891 —1981. (Forecast
Research Division, 1986)
TIERRDWIZE (@@ EFIEES - B EEMTIEE « THRITZEES - HREBINET, 1986)
Studies of the Middle Atmosphere. (Upper Atmosphere Physics Research Division, Meteorological Satellite Research
Division, Forecast Research Division, MRI and the Magnetic Observatory, 1986)

Ry 77— —=FIZLDKE - R ONTE KQEHEEIIEES « B EWFFEES « THMTIEEs - ISR GMTZEE - g
FEDFIEHED,  1986)
Studies on Meteorological and Sea Surface Phenomena by Doppler Radar. (Meteorological Satellite Research Division,
Typhoon Research Division, Forecast Research Division, Applied Meteorology Research Division, and Oceanographical
Research Division, 1986)
KRG FEHTRIE R ZRIEERET L (MRL- GCM— 1) 2 X2 12 M5y 0fEsr (THIFTEE, 1986)
Mean Statistics of the Tropospheric MRI + GCM — 1 based on 12— year Integration. (Forecast Research Division, 1986)
FHHR P TR 1983—1986 (FEJEMERIFESS, 1987)
Multi — Directional Cosmic Ray Meson Intensity 1983 —1986. (Upper Atmosphere Physics Research Division, 1987)
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b R TOE DV ) B OWKIEE 7 — 2 (23S < UK TEB) OFFAT IZ B9~ 2078 (Mo K (LFFEEs,  1987)
Study on Analysis of Volcanic Eruptions based on Eruption Cloud Image Data obtained by the Geostationary
Meteorological satellite (GMS). (Seismology and Volcanology Research Division, 1987)

FAR—> 7 WS AR (I & i - DUBESTT, 1988)

Marine Climatological Atlas of the sea of Okhotsk. (Y. Shinohara and N. Shikama, 1988)
MERIEER T T L& -T2 B OIS I B3 2 R OIS IR GREFEATZESS,  1989)

Response Experiment of Pacific Ocean to Anomalous Wind Stress with Ocean General Circulation Model.
(Oceanographical Research Division, 1989)

KRBT DURFERE IR O FRF A0 (EERTERS, 1989)

Seasonal Mean Distribution of Sea Properties in the Pacific. (Oceanographical Research Division, 1989)
HERRBIG DT — & _—2 (MR LFSEES, 1990)

Database of Earthquake Precursors. (Seismology and Volcanology Research Division, 1990)

FRRHL T 231 DHERII DMK S 2T L ORI (BEWFZEL, 1991)

Characteristics of Precipitation Systems During the Baiu Season in the Okinawa Area. (Typhoon Research Division, 1991)
RGWTIERT « FHOTIEE CHRE S 2 FERRIEET L (FEJISeBL - FHEFnkE, 1991)

Description of a Nonhydrostatic Model Developed at the Forecast Research Department of the MRI. (M. Ikawa and K.
Saito, 1991)

O HEHEFEIZB T DA RITTE (KBERFIEED « B RIITEED - IS HKRIIIEE, « KB MW - Bl 2T A
WFFERR - BEWFFERS, 1992)

A Synthetic Study on Cloud—Radiation Processes. (Climate Research Department, Physical Meteorology Research
Department, Applied Meteorology Research Department, Meteorological Satellite and Observation System Research
Department, and Typhoon Research Department, 1992)

REEWEE - R L DT F =R T 24178 (Z LES - HEREZ - HTF 7% - iR, 1992)
Studies of Energy Exchange Processes between the Ocean — Ground Surface and Atmosphere. (M. Mikami, M. Endoh, H.
Niino, and K. Yamazaki, 1992)

ek B OHIBUEEE ) & Fn T H AR D ZEIHER — 30 4R [H D A BRK B RN B <ftdt— (BKIiZE7-, 1993)
Seasonal Transition in Japan, as Revealed by Appearance Frequency of Precipitating-Days. — Statistics of Daily
Precipitation Data During 30 Years —(T. Akiyama, 1993)

B MR AN BT 2 BUIROATSE (IR ILATFZEES,  1994)

Observational Study on the Prediction of Disastrous Intraplate Earthquakes. (Seismology and Volcanology Research
Department, 1994)

B GBIAIRE T X5 el Blll (R - BLHIS AT LAHFJERS, 1994)

Intercomparisons of Meteorological Observation Instruments. (Meteorological Satellite and Observation System Research
Department, 1994)
i sale kA DR BEREE 7 L & T U7 M~ 0w A OGS S, 1995)

The Long—Range Transport Model of Sulfur Oxides and Its Application to the East Asian Region. (Applied Meteorology
Research Department, 1995)

VA Y RTuT 7 A 7L L DREOBIEOMTE (KERHEE - Bl 2T JFFEE, 1995)

Studies on Wind Profiler Techniques for the Measurements of Winds. (Meteorological Satellite and Observation System
Research Department, 1995)

RE7K « P& T B D N THUENMAZTE O 53 A1k B OV O HIER L2 HOFSE. (HUERE#FFEER,  1996)

Geochemical Studies and Analytical Methods of Anthropogenic Radionuclides in Fallout Samples. (Geochemical
Research Department, 1996)

R WO IR FHIFITE (1995 4 TN 1996 4F)  (HEER{L AHFFEI,  1998)

Geochemical Study of the Atmosphere and Ocean in 1995 and 1996. (Geochemical Research Department, 1998)
FRIE 2 YOTIERUERE (@ATHE, 1999)

Vertically 2-dmensional Nonlinear Problem (H. Kanehisa, 1999)

BRI T REIFOWIZE (FHRAFZEE, 2000)

Study on the Objective Forecasting Techniques (Forecast Research Department, 2000)

P B SRS 36 1 2 i 0 s & MRS TN BE 3 2 00F%8 (MUER K IR SES,  2000)

Study on Stress Field and Forecast of Seismic Activity in the Kanto Region (Seismology and Volcanology Research
Department, 2000)

EEETET & 2 MK T O AR RN EE O kS EE /AT 36 L OV 0 e fb i 3R & /K 1 oD A fRIE O UL P SR
FINAEEORE  CHHHEDS » F)IASE - kb5 Fa, 2000)

Coulometric Precise Analysis of Total Inorganic Carbon in Seawater and Measurements of Radiocarbon for the Carbon
Dioxide in the Atmosphere and for the Total Inorganic Carbon in Seawater (I.Masao, H.Y.Inoue and H.Matsueda, 2000)
KRGMTTERT BAE T B — I e 7 0 GRBRRnmE - I - kP AE - =IEHH L, 2001)
Documentation of the Meteorological Research Institute / Numerical Prediction Division Unified Nonhydrostatic Model
(Kazuo Saito, Teruyuki Kato, Hisaki Eito and Chiashi Muroi, 2001)

RRBEIWEAT O o 7w —RAAAOREENE & KEHEFT 7 vu 7 v u ) — R R ET 20
filer. (Rpfcbies - JF B(HIIDASE, 2004)

Precise measurements of atmospheric and oceanic chlorofluorocarbons and MRI chlorofluorocarbons calibration scale
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(Takayuki Tokieda and Hisayuki Y. Inoue, 2004)
PostScript 71— % A3 2 > — L"PLOTPS"~ = = 7 /L (NikE.Z, 2004)

Documentation of "PLOTPS": Outputting Tools for PostScript Code (Teruyuki Kato, 2004)

REGUT M ORI TEATIZ 6 1 2 Wb iR 38 ORI A S AV TAZRET 2D Al — )V & & DL EME O F il
(BT D EA - WP (BT - ZH — A - WRAEE 7 - FERALET - B RS - PRHETE - 3R 2B - RO
&I RATNZ - RIFFHH - HHHER - SBE - 1A 6 - AT A - SkHER - FTnl 52, 2004)
Re-evaluation for scale and stability of CO, standard gases used as long-term observations at the Japan Meteorological
Agency and the Meteorological Research Institute (Hidekazu Matsueda, Kazuto Suda, Sakiko Nishioka, Toshirou Hirano,
Yousuke, Sawa, Kazuhiro Tuboi, Tsutumi, Hitomi Kamiya, Kazuhiro Nemoto, Hideki Nagai, Masashi Yoshida, Sonoki
Iwano, Osamu Yamamoto, Hideaki Morishita, Kamata, Akira Wada, 2004)

MR O 2T U v 712 X 2 BRI A OHEE RS M) HICBI 92898 (MU LATFZEEE, 2005)

A Study to Improve Accuracy of Forecasting the Tokai Earthquake by Modeling the Generation Processes (Seismology
and Volcanology Research Department, 2005)

KRG AEEET L (MRLCOM) fi#ga GRFERFZEHES, 2005)

Meteorological Research Institute Community Ocean Model (MRL.COM) Manual (Oceanographical Research Department,
2005)

H AR T E O RS & N T FTREMEICBE 9~ 2098 (BRI RAIJEED « FHRAFSEHED, 2005)

Study of Precipitation Mechanisms in Snow Clouds over the Sea of Japan and Feasibility of Their Modification by
Seeding (Physical Meteorology Research Department, Forecast Research Department, 2005)

2004 4= HA EReBROBEE L BRETY (B EMFILES, 2006)

Summary of Landfalling Typhoons in Japan, 2004 (Typhoon Research Department, 2006)

SRESHL I E PRV KA AR ME 0D 2003 AR [EIRRIL R KBRS (FLHEK, 2006)

2003 Intercomparison Exercise for Reference Material for Nutrients in Seawater in a Seawater Matrix (Michio Aoyama,
2006)

KEF L OMEAR T ORI 7 LR (SF) DMEFIEDFEAL & SFe ATRUET 2 ORI EVEDFHIL  (Reikhe
Z. FIHET. ik PRI, 2007)

Highly developed precise analysis of atmospheric and oceanic sulfur hexafluoride (SFs) and evaluation of SFg standard
gas stability (Takayuki Tokieda, Masao Ishii, Shu Saito and Takashi Midorikawa, 2007)

HERIRBEALIT & 2 B b O KEZBICET 2898 (IIAE XA R, BREE - LI RSZEE, 2008)

Study of Climate Change over Tohoku District due to Global Warming (Sendai District Meteorological Observatory,
Atmospheric Environment and Applied Meteorology Research Department, 2008)

KUEBFHFIEOBAFEMIE (Gt (LBFFEET, 2008)

Studies on Evaluation Method of Volcanic Activity (Seismology and Volcanology Research Department, 2008)
HARIZB T HIEMERGEIHER L O A7 v 3B L 2 SRS 27 22 X 5 ¥Ke ORIEY AT AOHBER
KTN1995 475 2006 FORERER FINER, BIHER, BB C, ToH-EEEA, BRI, B ¥, Hartmut
Sartorius, Clemens Schlosser, Wolfgang Weiss, 2008)

Establishment of a cold charcoal trap-gas chromatography-gas counting system for Kr measurements in Japan and results
from 1995 to 2006 (Michio Aoyama, Kenji Fujii, Katsumi Hirose, Yasuhito Igarashi, Keisuke Isogai, Wataru Nitta,
Hartmut Sartorius, Clemens Schlosser, Wolfgang Weiss, 2008)

RUIREIC L 2 4 FEOWHEFHBLIE Lot (REpfeth, Ak 5, UEETT, 2008)

Comparison of Data from Four Current Meters Obtained by Long-Term Deep-Sea Moorings (Toshiya Nakano, Hiroshi
Ishizaki and Nobuyuki Shikama, 2008)

CMIP3 v VTFETNT T WA 2RI LToFRROMEE KR, « WK A OHEE OKHE 55, RIS, 174K
Ak, A B, 2008)

Estimation of the Future Distribution of Sea Surface Temperature and Sea Ice Using the CMIP3 Multi-model Ensemble
Mean (Ryo Mizuta, Yukimasa Adachi, Seiji Yukimoto and Shoji Kusunoki, 2008)

PR 1 0> 7 v —k L 2 IO e 53 OB v B Bh A AT (8 & DUk O kS B pHe IE (B 75, AOFAES, fok
JI i, B G ASE 2008)

Precise Spectrophotometric Measurement of Seawater pHt with an Automated Apparatus using a Flow Cell in a Closed
Circuit (Shu Saito, Masao Ishii, Takashi Midorikawa and Hisayuki Y. Inoue, 2008)
SRR R E A ACHLAAZ HE 0D 2006 4F [E| B 3] S28R 2 (75 1LaE %, ). Barwell-Clarke, S. Becker, M. Blum, Braga E.S.,
S. C. Coverly, E. Czobik, 1. Dahll6f, M. Dai, G. O Donnell, C. Engelke, Gwo-Ching Gong, Gi-Hoon Hong, D. J. Hydes,
Ming-Ming Jin, % /6)AE, R. Kerouel, JEA% -, M. Knockaert, N. Kress, K. A. Krogslund, A/ 1EYE, S. Leterme,
Yarong Li, ¥§[HER, =& 2, T. Moutin, & HE 2, KIHEAH, G Nausch, A. Nybakk, M. K. Ngirchechol, /[N)113 52,
J. van Ooijen, X MZ5F0, J. Pan, C. Payne, O. Pierre-Duplessix, M. Pujo-Pay, T. Raabe, 75—, Vi —ELR, C.
Schmidt, M. Schuett, T. M. Shammon, J. Sun, T. Tanhua, L. White, E.M.S. Woodward, P. Worsfold, P. Yeats, 541 %%, A.
Youénou, Jia-Zhong Zhang, 2008)

2006 Inter-laboratory Comparison Study for Reference Material for Nutrients in Seawater (M. Aoyama, J. Barwell-Clarke,
S. Becker, M. Blum, Braga E. S., S. C. Coverly, E. Czobik, I. Dahlléf, M. H. Dai, G. O. Donnell, C. Engelke, G. C. Gong,
Gi-Hoon Hong, D. J. Hydes, M. M. Jin, H. Kasai, R. Kerouel, Y. Kiyomono, M. Knockaert, N. Kress, K. A. Krogslund, M.
Kumagai, S. Leterme, Yarong Li, S. Masuda, T. Miyao, T. Moutin, A. Murata, N. Nagai, G. Nausch, M. K. Ngirchechol, A.
Nybakk, H. Ogawa, J. van Ooijen, H. Ota, J. M. Pan, C. Payne, O. Pierre-Duplessix, M. Pujo-Pay, T. Raabe, K. Saito, K.
Sato, C. Schmidt, M. Schuett, T. M. Shammon, J. Sun, T. Tanhua, L. White, E.M.S. Woodward, P. Worsfold, P. Yeats, T.



Yoshimura, A. Youénou, J. Z. Zhang, 2008)
KRG TR E 7 /L (MRLCOM) S 3 MU Gy, AR, 0)I1—B8, TRERE, PEis, b E
RS, ZZHERE, AlE GREATFERTRERTSEES) | 2010)
Reference manual for the Meteorological Research Institute Community Ocean Model (MRI.COM) Version 3 (Hiroyuki
Tsujino, Tatsuo Motoi, Ichiro Ishikawa, Mikitoshi Hirabara, Hideyuki Nakano, Goro Yamanaka, Tamaki Yasuda, and
Hiroshi Ishizaki (Oceanographic Research Department), 2010)
SRR I E VKRR AR UE D 2008 A5 [E B HLF SR S (FILET, Carol Anstey, Janet Barwell-Clarke, Francois
Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D’ amico, Ingela Dahll5f,
Minhan Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso, “[LIfEH, H: kI#4k,
i =, David J. Hydes, %5 V4 i, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A. Krogslund, AEZIEE,
Sophie C. Leterme, Claire Mahaffey, M, Pascal Morin, Thierry Moutin, Dominique Munaron, £ &, Giinther
Nausch, /[NI13% 5, Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier Pierre-Duplessix, Gary Prove,
Patrick Raimbault, Malcolm Rose, 75f&—t, T HEZZ0H, 1% R, Cristopher Schmidt, Monika Schiitt, Theresa M.
Shammon, Solveig Olafsdottir, Jun Sun, Toste Tanhua, Sieglinde Weigelt-Krenz, Linda White, E. Malcolm. S. Woodward,
Paul Worsfold, 5#1%%, Agnés Youénou, Jia-Zhong Zhang, 2010)
2008 Inter-laboratory Comparison Study of a Reference Material for Nutrients in Seawater (7 [L17&K, Carol Anstey, Janet
Barwell-Clarke, Frangois Baurand, Susan Becker, Marguerite Blum, Stephen C. Coverly, Edward Czobik, Florence D’
amico, Ingela Dahll6f, Minhan Dai, Judy Dobson, Magali Duval, Clemens Engelke, Gwo-Ching Gong, Olivier Grosso, *f-
(hEE s, - ek, 7 AkE=, David J. Hydes, %574 /i, Roger Kerouel, Marc Knockaert, Nurit Kress, Katherine A.
Krogslund, REZ*1EYE, Sophie C. Leterme, Claire Mahaffey, > ¥J, Pascal Morin, Thierry Moutin, Dominique Munaron,
# H E 2, Giinther Nausch, /N[5, Jan van Ooijen, Jianming Pan, Georges Paradis, Chris Payne, Olivier
Pierre-Duplessix, Gary Prove, Patrick Raimbault, Malcolm Rose, 75—, 720, Ve &E —RE, Cristopher
Schmidt, Monika Schiitt, Theresa M. Shammon, Solveig Olafsdottir, Jun Sun, Toste Tanhua, Sieglinde Weigelt-Krenz,
Linda White, E. Malcolm. S. Woodward, Paul Worsfold, 7541%%, Agnés Youénou, Jia-Zhong Zhang, 2010)
RN 2 b 72 & FRRIR IR K HE D T RO S5 D R K OVE/KBREE - BEh R O TR B 2178 (KIRE XRS5 -
ERMGTR/RE A KRG G - RETREE - FERILHG KRG B P E RS 6 - RTLH R - T
FREE B RG R R BT R - R KRG B - T EFSEE, 2010)
Studies on formation process of line-shaped rainfall systems and predictability of rainfall intensity and moving speed
(Osaka District Meteorological Observatory, Hikone Local Meteorological Observatory, Kyoto Local Meteorological
Observatory, Nara Local Meteorological Observatory, Wakayama Local Meteorological Observatory, Kobe Marine
Observatory, Matsue Local Meteorological Observatory, Tottori Local Meteorological Observatory, Maizuru Marine
Observatory, Hiroshima Local Meteorological Observatory, Tokushima Local Meteorological Observatory AND Forecast
Research Department, 2010)
WWRP AL AU B 7 2008 TR FIEFEMIFETE 7 02 = 7 b GREEFIE, BIOFRS, FELL, k5L, FHRA, 1
MR, —AFEEIE, #EfEfE, 2010)
WWRP Beijing Olympics 2008 Forecast Demonstration/Research and Development Project (BOSFDP/RDP) (Kazuo Saito,
Masaru Kunii, Masahiro Hara, Hiromu Seko, Tabito Hara, Munehiko Yamaguchi, Takemasa Miyoshi and Wai-kin Wong,
2010)
FHEHIE O TR EE M B & O R - RRVEHEE o5 B MEHIR AR O (MR K LI5S, 2011)
Improvement in prediction accuracy for the Tokai earthquake and research of the preparation process of the Tonankai and
the Nankai earthquakes (Seismology and Volcanology Research Department, 2011)
KREWFEFTHIER S 27 L E TV 1 i (MRI-ESM1) —E 7 /b DRtk — ((TARREE, SAHIE, RIRAEZ, SR
Bk, I, IR, HYRRE, MR, AMIE, IS, RN, BT, Bo, RSN, ReE
HE g, 2011)
Meteorological Research Institute-Earth System Model Version 1 (MRI-ESM1) — Model Description — (Seiji Yukimoto,
Hiromasa Yoshimura, Masahiro Hosaka, Tomonori Sakami, Hiroyuki Tsujino, Mikitoshi Hirabara, Taichu Y. Tanaka,
Makoto Deushi, Atsushi Obata, Hideyuki Nakano, Yukimasa Adachi, Eiki Shindo, Shoukichi Yabu, Tomoaki Ose and Akio
Kitoh, 2011)
W7 ¥ 7 MUl D KGR K ERIE BRI AT GrRfrE, R M, e, Wbek, BER, e, B,
JIIHR R, MRS, KEEARFE, Nurjanna Joko Trilaksono, #F&#5, WRIEH, Le Duc, Kieu Thi Xin, #{EfE,
Krushna Chandra Gouda, 2011)
International Research for Prevention and Mitigation of Meteorological Disasters in Southeast Asia (Kazuo Saito, Tohru
Kuroda, Syugo Hayashi, Hiromu Seko, Masaru Kunii, Yoshinori Shoji, Mitsuru Ueno, Takuya Kawabata, Shigeo Yoden,
Shigenori Otsuka, Nurjanna Joko Trilaksono, Tieh-Yong Koh, Syunya Koseki, Le Duc, Kieu Thi Xin, Wai-Kin Wong and
Krushna Chandra Gouda, 2011)
KPR I IT 2 REA—WREM ZB LR FE T T v 7 AMEEFiE (AR, VAEZE, AHS, #)IE, 2012)
A method for estimating the sea-air CO, flux in the Pacific Ocean (Hiroyuki Sugimoto, Naotaka Hiraishi, Masao Ishii and
Takashi Midorikawa, 2012)
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