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E: FIHEIEZETEE Bukit Koto Tabang (BKT) WL %S B M AR SLLAMRIAX (AIRS) TEMMEdE, 7257
BT UM B 2004 4EF1 2005 4F 3K [T REBI Y M > 8. 0 HiZ A /5 Ho T A TE WL B 3R 45880 CO & . SR
(1000 hPa) CO (AFRIM AN O, BEMFEDLIEAMIRILAER, X BKT £ 3 B TL2 WL B8 0 o 1 YL % s

PR THIEIRIE, 455K BT RRHE E A S T CO 1 0, 5%,

Hrbp TR CO &

B CO MR B S AR H CO MBERMIEAR, MHXRHH]0% 0.83 f10.75, KW CORBEREAAEER
BETRERh T R KA, RRPERA R CO S W HTTIIKZ . 05 TLEMIISE RS 3 i YR 45 R
BIEMRRKR (r=0.49), MR 0, ¥ W REEZIAR T HURHTHL T R & M UAFE R PN . H T W
MEy CO A O, YR EEAEFA YR SR RTARHE R ZE AR K, H CO il O, YR EEAE AL 55 43 1) LA Mo TET X 00 355 1 b, 52 78 v O v A
T EBHE SO AR 5 T ORI B AL (S — B DTRERE R T F AR 6 TR SRR BU R A <A

IR 2R AR BT
XEW: FOLETERR; kb HIERKNR
HESES: P315.724 CRRARIREG: A

Al &

HWIRNTELERERE, AWHITEHSE
Ao MR BER M IAEEESR CO,. CO, CH,,
H,S. H,. N,, O,. He, Ar%, Sk E=EH
HAEEP., ZEBEER SR, X HUREE B N A B
B (King, 1986; EME, Z=EH, 1991; Du e
al, 2008) , REFENHBLERBERERT £
MEHRA XM CO, 0, FRKKRERHE, W
2000 4E£ 6 A 6 H H 7 =% M,5.9 HifE. 2000 4 6
A 8 Hamfmdti M 6.9 1B (BB, 2005) .
20024£3 A 31 HEE 7.5 R (W) HE5F,
2006) . 2010 4£4 H 4 HEPE R T INAIFEJE L My,
7.2 #hB (FEHZG%E, 2011) . 2001 4E1 H 26 HM
20064 3 A 7 HEPE H Hhi 4 (Gujarat) iR

* WFSHHET: 2013 —07 -08.

NXEHS . 1000 - 0666 (2014)02 —0222 —06

(Ganguly, 2011; Singh et al, 2010a). 2002 4E 11
H3 B2 H (Denali) W EH#E (Singh et al,
2007), 2010 4 1 H 12 H ¥ # (Haiti) 7R
(Singh et al, 2010b) H¥ &I T HZRIG A CO
MO, F¥%,

2004 4 12 H 26 H 12005 4£ 3 H 28 H ERJEJE
PUEIR TERE X A T VIR M >8.0 #iFE, Ik
KR 5 R MY & CO F1 0, SAkERib
FE (EEHE, 2014) , BEEFHRILSMRMAL
(Atmospheric Infrared Sounder, AIRS) #(#E, #:H
TPIRKHIRAT 5 IR KR A TR RS (GAW)
AR E SEBGE O (WDCGG) AL T ENEEJE v
. Bukit Koto Tabang ( BKT) Xl sk Bt 32 A9 CO Fn
0, [fkshzkfb2=REE R, F BKT RIS 53 WL
WEHEHAT TIAE, FHFSURPAIPOAAHTER
BRI 8 (5 BT T X,

EeWE: TEBRRBERVELLREEED (0210240202, 30214240122, 40414600103) il [ Hu iR /5 o R M
WS BTFEARMIT AL %5 30 H - P 1) 3t 52 B IS 0 X% 30 i 28 A b R A 2 T 3l T 22 R b R 1o .

(02122408) BRG#EHL.
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HBET Aqua TEY G EREOLIES PrRE R
#r AIRS ¥ 2 378 MESR LN EGIEEE (3.7 ~
15. 4pm) LUK 4 A0 ILOG/ £ 5h 5@ E (0.4 ~
1.Opm), S FE 1 650 km, KJK A2 H 53 HER
13.5 km, BMZH A (FOV) = 49.5° ( Won,
2008), AIRS % #E /l MR EH B XM =M K/
(NASA) 35 78 3 2R B 22 048 AR Bk 55 0
( GES DISC, http: //disc. sci. gsfc. nasa. gov/AIRS/
data —holdings) FREX, s 3CHPfdi FHROEHE N AIRS
Level —3 F SFHIbRAEr™ i 808 B EER . BAR
PR 1° x 1°, R HDF 4% X776k, @it
MATLAB {4 EHEI . ASCRRSERT ARG CO A1 O,
AR5k B E1EE Jé PE W BKT Wilus (0. 2°
S, 100.32°E, %53k 846.5 m) (& 1), ZWLMz,
HEPRR R .. [UEFMMIRYELR (Agency for Mete-
orology, Climatology and Geophysics, BMKG ) %t
So WAIUSRFIER IR F- G BURE WA O K, CO i
TrERAESEL S (NDIR) J5:, O, WEITHEA
55Ot W ok 3% 2 A 5 B8 (UV) (hup: /7
ds. data. jma. go. jp/gmd/wdcgg/introduction. html ),
BKT MR 7 B K 2 (kB R H . BT X ) 15 15
SLInE 1 s
L2 75

IR R S b AR A B 08 R DA B b TET R
BT SRR, MBANE AR — R HE
ERPILEBAJLTABREEZAN (Qiang e al,

88°E 91° 94° 97° 100° 103° 106°

1997; Tronin, 2006), & BfiE]l—t7EHRRATS 6
™AW BKT MW E5EE 2004 £ 71 2005 £ 75 1& B
PR M >8. 0 #iRH= H 43514 586 km F1411 km
(1), AT R 7@ A H I YT b, ARBF 5T LA
BKT e WAI 35 K90y, A ATRS Ay 7= S 35 o
PREBUOWI S5 4 MGt CO A AR, ILHiE
CO R B FEM 0, AP EBIENTE
SRIEAE , BFSE T UK K AR BT S Hb T A T2
WA IR 2 T8, IR 43 51 DL 3k
B ARG CO BE . CO KRG 0, REMT
BEWMMEER (IhEHESE, 2014) S mm g5 R
AT T3 o

TE#E 2004 ~2005 EVEAFFSTHRTE &, K CO
0, ERITHEAE BB IR 22 B B3 K
¥ CO #1 O, zkfb 7 H .

2 RS

HUTTILIIE CO A1 O, Vi IEAEPI VML A AT B
ALt BTG LA 4 (L i 22 7 P U
RAVER (H2). AIRS GBI LA BKT
Y0 1 CO RN O M RAEWIU A AT
WABHBLT IR (13 ~5), K5FH AIRS $04f
PR R CO SR O, MBS —5K,
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Fig. 1 Tectonic skech of Sumatra M >8. 0
earthquakes (based on Tao et al (2008))
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Fig. 2 Variations of monthly mean values and standard

deviations of CO and O, concentrations measured

at BKT observational station from 2004 to 2005
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5 CO BE 0, MEA b dE—
HH, XFESZHERSRE P IER T #HT &
M SR R HAE R P RA MR NA X
( Fishman et al, 1979, 1983; Yurganov et al,
1995; Varotsos et al, 2000; Kato et al, 2004; £
HAZ§%E, 2011; Cui e al, 2013), FREIRZERIEE K
Ul BB B G R, B SR HE B I s A
— MR, 2004 4E2 ~3 B A K 2005 4£10 ~12 A
CO F1 O, ¥ BE ¥y b Y vt 25 184 K FT BB 5 123t = A2 WY
HAthsth A %

2.1 CORE

W 3. 4 i, 430 LOULI st F0 2 vp Oy vl
M AIRS FHRFEEAY CO BB 5 45 R 258
IEFSG, MR FRBrH]H 0.83 F10.86, 435 L
BKT YL G2 A 0 N ATRS B 42 BURG 3 3
T (1000 hPa) CO {AFRS %5 i TH WL 45 2R 345K
SRIEAHSC, MHSRZ SR 0.75 #10.82, X RMH
HURRTHI IR CO RETIRE R ERIE THE, FH
HAETHREFT MR LSBT CO IR &
B (A%, 2011), i VERMEEREL
MPE% (B 1), BXAFEZRWR, WiEMibE
AL (MBS, 2008), R Y, 7Ei
NEWER T AU A A=A T HWAREE, m
HWRT IR ET), WS BObERE
TRE SR E W ) R i, 7R b S H M
VL IR TSR H -

DAL 335 S 70> SN ATRS 308 382 B 3 b 3%
(1000 hPa) CO FAFRS; 45 5 b T WL I BT =2 18] i AH
RELL (0.75) KT LAWRBI S A Ho A ATRS Zi#E
PRI CO BB 5 b TET SO0 0 45 4% =2 1) 9 4 O R 28K
(0.83), KU T T~ AKRAEL, B&EBHIE
(40 CH, %) #ERS R4 R W4 5 CO
(K1), Tk H B SARLE RS IR SR 2
R =R CO R E R EE A (Fishman et al,
1979, 1983; Yurganov et al, 1995; Varotsos et al,
2000; Kato ez al, 2004; # A 354, 2011; Cui et
al, 2013),

CH, +40, +2hv, + wv,—H,0+CO +H, +20,. (1)

T TR UK 3 R AR L R 2 3 R e,
HEEETERSEEEZN (Liv e al, 2011; An-
agnostopoulos et al, 2012) " N 7&K 45 Ho BE 48 ¢ 0
HEENSI TEEE M CO (Pandow et al, 1960;

—#- AIRS-E —& AIRS-G —9—BKT

COMRIE(X 10" mole/cm?)

Fef /4 A -

B3 2004 ~2005 44 BKT gLl &g CO R EM A 3
1A 5#] A AIRS ##3#Be CO A-FHEZH LR
(AIRS - E 71 AIRS - G 4351|2278 LA i FI UL I 55
oA AIRS R CO B8 )

Fig. 3 Variations of monthly mean value of CO
concentration measured at BKT observational
station and monthly mean total column
value of CO concentration abstracted
from AIRS data from 2004 to 2005
(AIRS - E and AIRS - G represent total column of CO
concentration abstracted from AIRS data by
taking epicenter and ground observation

station as center respectively)
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(AIRS - E 1 AIRS - G 43 5|3R 7 LASE H R0 il
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Fig. 4 Variations of monthly mean value of CO
concentration measured at BKT observational
station and monthly mean volume fraction
of CO concentration at 1 000 hPa
from 2004 to 2005
(AIRS - E and AIRS - G represent volume fraction of CO
abstracted from AIRS data by taking epicenter
and ground observation station as

center respectively)
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A%, 2011), BEBEREMBERF T C
MAE R, XEFE CO REF R —MRERHE
(X2),

n+"“N—"C +H,

2
2"C +0,-2"Co. (2)

M ATRS S5 53 5IHE B CO ¥REE. CO RSy
BAERS (AIRS -E) FINRMIMS (AIRS -G) AR
b RAEE — B, MRS B 0.94 F
0.72, XBER A A T E & BEER SR SR b3k
AR BREATRER, WRWLIE P 500 km K
TR LI 36 g v o 0 LA SR o O O R BBURY S st Bk
2R BEE R
2.2 0, RBE

W S Bras, 4350 LA g5 R0 R o o s A
ATRS R O, BB 5Himuiilf 0, W2
IEAHR, MRBRZ B 0.49 F10.36, 735 LAV
WshFIR g o0 A A ATRS 2RI 0, B &
53 TEIEIE O, #EE KBk H—3, XFI6E
i Rag Sk (4 Co, CH, %) #HERRH
KAEZEN (X 3) (Crutzen, 1974; Fishman et
al, 1979, 1983; Yurganov et al, 1995; Vingarzan,
2004; Ganguly, 2011; # A 3§48, 2011; Cui et
al, 2013) o 435 LAY 3 1 52 v Ay s T02 W
555 5 b TH LI 45 54 2004 4E 4 ~ 10 AR A[A,
XA S FRESH EXIHZE 0, &k (Lelieveld,
Frank, 2000; Vingarzan, 2004; #% &, B iK1,
2004) LAK AIRS f&/8de %t X i 2 i AR L L
BEUSA K,

CO +20,CO, +0,. (3)

M AIRS 3R 28U O, METEZEF (AIRS -
E) FMLmsG (AIRS - G) HZELBEH—I (r=
0.95), XFRUYILIFRHEE 500 km %4 LM 254 o
OFILAR A DR SRR A5 B 2%
I o o TET SO 00 445 SR 55 X e T SORL 00 325 A o> L2
W R EE R O, T A A TR, WA
—HR4F R B # T % SR RS AR 2R R
(Crutzen, 1974; Fishman et al, 1979, 1983; Yur-
ganov et al, 1995; Vingarzan, 2004; Ganguly,
2011; % H2%%, 2011; Cui et al, 2013) FIFH
Z W #E A (Lelieveld, Frank, 2000; Vingarzan,
2004; i, Hik{=, 2004),

280

B 5 2004 ~2005 5 /& BKT Ll &5 O, R E A -39
15 A A AIRS IR 0, A FAHEZTH A
(AIRS - E #1 AIRS - G 2} 3157 LA R A AL 3
IR AIRS B R ER 0, S&)

Fig. 5 Variations of monthly mean value of O,

concentration measured at BKT observational
station and monthly mean total value of O,
concentration abstracted from AIRS
data from 2004 to 2005
(AIRS - E and AIRS - G represent total value of O,
concentration abstracted from AIRS data by
taking epicenter and ground observation

station as center respectively)

3 4

FIF AIRS Bob it R T A SRR B L BKT
Hi TR ORI 3 S et (BERR ) 500 km) K EERE
B LA e BKT b AT IN B8R AL IR M > 8. 0 HufR
AT CO F1 O, MR E Ak, AR 5 K Hts
PEWMIRAE CO BEM CO MR35 H E il
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ERZERBEEMERKR (r=0.49), XFHE
T F bR AT HL T 3R SARAE RS AL R,

HETUR I ) CO 1 O4 ¥ BE7F A YK Hb 722 7l 4
2278 K 7% 3 5B A 4T B 2 4F AR b T BT |
X5 M AIRS IR BUR L & ¥t CO 1 0, B
B HE—EE, 5 M AIRS BEEHRBUN IR
HhHLy CO A O, 1 AR Ak Bt 2 KR —BUw,
XRAEMEEFILEABREFNEEA T AR
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Anomalies Remote Sensing Geochemistry of CO and O, and
Ground-based Validation before and after
Two Sumatra M >8. 0 Earthquakes

SUN Yu-tao', CUI Yue-ju', LIU Yong-mei’, DU Jian-guo', ZHANG Wei-bin', ZHANG Guan-ya'
(1. CEA Key Laboratory of Earthquake Prediction ( Earthquake Prediction Institute of
Earthquake Science, CEA), Beijing 100036, China)
(2. Xishanzui Seismic Station, Earthquake Administration of Inner Mongolia Autonomous Region,

Urad Front Banner 014400, Inner Mongolia Autonomous Region, China)

Abstract

Using the ground-based observation data recorded by Bukit Koto Tabang (BKT) observational station in In-
donesian and observation satellite data by atmospheric infrared sounder ( AIRS), the hyperspectral gas geo-
chemical information of CO total column, CO volume mixing ratio at 1000 hPa and O, total column from
ground-based and satellite data before and after two Sumatra M > 8.0 earthquakes were abstracted, and the
ground-based and satellite data of BKT observational station were validated. The results show that the anomalies
of CO and O, were both found before two Sumatra M > 8. 0 earthquakes from ground-based and satellite data.
Both CO total column and volume fraction at 1000 hPa from satellite data had significantly positive correlation
with CO concentration from the ground-based data, and the correlation coefficient were 0. 83 and 0. 75 respec-
tively, which indicated that the CO concentration anomalies was mainly attributed to degassing from the solid
earth in the pregnant process and the secondary reason was chemical reactions in the atmosphere. The O, total
column from AIRS data and O, concentration from ground-based data showed positive correlation with correlation
coefficient 0. 49, indicating the anomalies of O, mainly caused by chemical reactions of the degassed gases in the
atmosphere. The standard deviations of CO and O, concentrations from ground-based data increased before two
earthquakes, which was almost consistence with gas concentration abstracted from satellite data by taking the
BKT station and epicenter as centre respectively and variation trends of ground-based observation data. The re-
sults widened the approach of extracting gaseous geochemistry information from hyperspectral satellite data espe-
cially.

Key words: hyperspectral remote-sensing; geochemistry; Sumatra M > 8. 0 earthquake



