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HB TN E 22 W R ALk ( €O, ) RYHE B
M Tl Fofi 2 971 280 ppm = F+3] T 393 ppm
([2014-02-10 ] http://ds. data. jma. go. jp/gmd/wd-
cgg/pub/products/bulletin/Bulletin2012/ ghy-bulletin-
9. pdf) , M AHHEHOR S BCHAR B T i 25U
KA CO, WeE I T W 3R K34 A 5 %
AT M. AR gl T 5 & R & ds s WDCGG

( World Data Centre for Greenhouse Gases)2013 4%
A YRR A, FH AR SOULI M GAW ( Global At-
mosphere Watch ) 171 IR 5 4G 1 ¥ 5 DL 45 52 52
W], 2ERK A CO, P H B IR 43 A 2012 ARG
BiE, o 393.1 0. 1 ppm, Sk Tl H AR ET (1750 4F
H) A 141% | [R]E 2012 4F H 2011 4R KA CO, ¥ FE
M 2.2 ppm, 2 2011 SEAHXHE K 0. 56% , =5 Fad
ZAAF R R ¥ {H 0. 18 ppm ([ 2014-02-10 ]
hitp://ds. data. jma. go. jp/gmd/wdcgg/pub/prod-

W% H #9:2014-02-10 ; 1&1T A # :2014-06-30 ; : Se £ H ki B #A :2014-07-07
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ucts/bulletin/Bulletin 2012/ ghy-butletin-9. pdf) ,

GAW AL s 1 A1 £ BEAT 5852 N0 HETCIR
SEMRAR/INI 3 T, 1223k 0 B2 (4t X L Bl 48 s T 4
B RS CO, A ISR BE 1 4F A8 A Fl 2= 45 A8 1k
N (EANREFE AR DX SRR ) X 1A 4 R B HE
X CO, WRIEAARFE , o 5 B R i 42 BR
AR CO, He B2 WA . 72 GAW LI ()
g R AR W ) TCCON ( Total Carbon Column
Observing Network ) 37 T 2004 48, 3T 2009 £ A/E
R TTHR 2520 GAW , TCCON 3 i B hl 2R By
T2, SRR ELE 100 km LN TC W] B ARG B 5
M) L3t i DI LA 4R N s A AR 25 B i
U 3BT PRIk 2 i A8 UL K Hi A by 4
AN HBER R SAS R JE 14 0 A M4 2 — . TCCON A1)
JH FTS( Fourier transform Sensor) i #8 X 2% 3k BUE 522
K BH4E ST 4000—9000 em ™" 5 Rl (130 21 415 43 14
JETEEE , R HAEZ M B /N — 3 G DU L 5125
R €O, CH, \N,0 HF CO,H,0 #1 HDO 4
KA BIAE R EE . TCCON 3 & #Y RS CO, 731
TERAZ G 28 AR B 1Y FE 3 (XCO, ) Bl 2 48
aeb AN ()3l 5 TR T i P Ak B s 1 5000 32 0 T 4
P HA R4 e v, 7E s R 8 D i o iy &
L FTS AR A K5 B vT 3K 0. 25% . TCCON L
Hey Ay B0 E 2 AL T TR LI B 3 B R
CO, WePE¥ s 1 F 2 B . HaT 2Bk e A
15 /> 3l i Y 78 26 H 8 ] LA fE ) ([2014-02-10 ]
http://ds. data. jma. go. jp/gmd/wdegg/pub/prod-
ucts/bulletin/Bulletin 2012/ ghy-butletin-9. pdf; 5 #i
¥ 4,2014)

P TLEE R AR 35 2 | 1% 2 WL FE A
KA CO, R A LTS WOURRAE B2 1815 2 K CO,
Y 2N AR B AT BROR A CO, ok B Rl i B2 T
Bz —(Buchwitz 55,2013 ) . T3 18 J2O0 I K 4fs 2
AW Ty 88— SR B S R T B A A,
TR T LABT o 42 BR A il X B, H AT AEBLIs 170
MRS CO, B T EA AIRS ( Atmospheric InfraRed
Sounder) TASI (Infrared Atmospheric Sounding Inter-
ferometer) ,GOSAT ( Greenhouse Gases Observing Sat-
ellite) %5, Hr GOSAT TV E 43R E H LI E S
PR 3 B 228 JE UL I T2 22 ( Yoshida 45,2011 o
KRN A Z F LI CO, ¥ HERCH H AR T A
=€ [E 0CO-2 ( Orbiting Carbon Observatory ) | K ¥
CarbornSat /' [E TanSat . H 4~ GOSAT-2 453+ %) & &t
(Buchwitz 55,2013 ; X3 45,2011) . Bl 52 002k

BT GOSAT T WL Jz 386 i) K< CO, MeEE /Y
BWEELLER 1 ppm £ 4 (Cogan %5,2012)
GOSAT T A H 2009 E RS AR T 3 4EL L
ALK . H TS A= iR s NASA ((National
Aeronautics and Space Administration ) ;) ACOS [#] A
( Atmospheric CO, Observations from Space ) il H A< 24
BERSE Fir it NIES HBA ( National Institute for Environ-
mental Studies) 733 F) [ GOSAT T2 (&4 FTS
] Ff) 4 3 21 7b SWIR ( ShortWave InfraRed ) 2045 , 3k
T BTN CO, e BE s 18 5125 1 4 Ak 3
SRVAF R AT 12 GRS CO, Ak B H i ™=
([2014-02-10 ] http ://data. gosat. nies. go. jp/Gosat-
UserlnterfaceGateway/ guig/ doc/documents/ReleaseN-
ote _ FTSSWIRL2 _ V02. xx _ RA _en. pdf; NASA,
2013) , LA R A SCR o ik ACOS-XCO, Al NIES-
XCO, . X MEHHE 1 B i HRAE A 92 GOSAT FTS
LIB %ds , B P BN 8 W A 1Y S i 5351 78 FTS-
SWIR %4 1) ¢ K A3 B i) 18 ' i v AU I 1Y
S 2 R Bk L R I 300 %) 504k o 2 Ak 5T A
FRASTR] A AT =3 B8 ™ i A — E 25 5+
22 M TCCON LI st A3 4 962 00E , P25 5040 119 °F- 24
MMZELE 2 ppm AT ([2014-02-10 Jhttp : //data. go-
sat. nies. go. jp/GosatUserlnterfaceGateway/ guig/ doc/
documents/ATBD_FTSSWIRL2 _V1. 1 _en. pdf; Crisp
4% 2012 ; Wunch 4§,2011)

KA COy 1Y LA LI B4l — T3 1l AT LA Sk Mk
FTHIE/ B AL 1 BF 58 4 it L 3 1) 29 B (Feng 55,
2011) ;53 —J7 i CO, #e & Y728 A b B nl L e
Wi IR/ Bk 18 434 ( Dufour A1 Bréon, 2003 ; Keppel-
Alek 45,2013 ) o A T AR BRI AR AR 5 (29
395 ppm ) Ffr 4 B IR LA X BE A /N 8 28 Ak A B {E
(1—3 ppm) ,XF TLEMM CO, W FEHE th T 5 =k B
BOR . DMERFR LR #5578 KA CO, YRR
s ARfE R AE , BESR CO, ¥ 3 00 0 250 908 1) I 25 76
2 ppm LI F ( Bovensmann %%, 2010), Slim % A
(2013) F]FH ACOS-XCO, i Version 2.9 EET53+5
HOE I X B XCO, 7R 1 10 ppm DL B K5 i
/NHYZETT AR B, T 285 AR G I 2 1 TR Y ACOS-
XCO, et 7 M A 35 S UM 194 ] 26 J3 iy DXl e 2
ALIRIEAE 8 ppm Zidy . HFIAY IREH X 5L T GOSAT
LI R B B AN [R] XCO, 3 i 46 78 1) A BROF X
RS CO, e Iy 23 AR AL R AR 3 i = TR A BTt
oo ABETER 2T GOSAT T2 WL K dhs S
YR CO, Vi B2 Hds 7 iy, L & ACOS 5 NIES
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PN AT EAR T AN [R] B2 3807 1643 2 9 ACOS-XCO, 5
NIES-XCO, 77 iy, 45 & 42 3K X dh €O, A Ky i ik I8
EDGAR ( Emission Database for Global Atmospheric
Research) £dli , it 734 17 M XCO, 4 fir 46 71
A4 BRI DB R T CO, e B2 AR AR RRAIE B A 1
P, CO, WL TR Al A RS T /Y CO,
JEAS AL T5 TR 28 BN T 0 #EAT T WD g3 i A
HR

2 PRk
2.1 XCO, #iiF

AU HE T ACOS 5 NIES 4 F BA 4> % 1
ACOS v3. 3 Fl GOSAT v02. xx KK CO, ik &

ACOS B¢ AT BAFE X ACOS-XCO, [ifi b [X 5k £
5 (RS BE DA 43 B B & B0 Pl b 3R I BRI )
DL RSIA S 805 1 1) 22 48 22 7T DL 22 D02tk O
FIATEIE (Wunch 55,2011) o S48 &l AU K
JE L ARSCE Sed ACOS & A i) B8 405 0 16 4% 14 1 (i i
ATt Uk, P9 0) 0 28 J5 00 B AT T R G 2= AR IE
(NASA,2013) , b4 R A= B H i 2 TR #5081 Y
ACOS-XCO, $HitE .

ACOS-XCO, 11 £ 5t M 22 45 12 2XALE T Bl
by DI, PRI A SC LA 4 35K it b X380k %P G 64T T 8K

390

380

XCO,/ppm

370 °

400 g

390 -

XCO,/ppm

380
370

400 -

390

380 -

XCO,/ppm

Y .

400 p——7—

390 -

XCO,/ppm

380

370 £

(d) 2010-04

AL HL RN
2.2 [EiH XCO, HIEERIEIEXT L

ASCH) ] TCCON LI 3 55047 Fil GEOS-Chem K
AL AR | X 224 1E AR BE 5 19 2010 4
(1) ACOS-XCO, #4717 # B B UE 5 #1 . GEOS-
Chem BEAYRIAU L 4 FH] GEOS-Chem FEAI12° x
2. 546 \GOSAT 1 & o 455 B[R] ( M J5 B 13:00 72
A0 i IS P/ NI SR 50T AU 47 2R CO, R IE
Bl IR I T A% R BCHE 47 2850 e O A vk
o Bl 1 oR T 2010 44 H A9 0w 25 8 GE J5 ACOS-
XCO, {& .TCCON M i) XCO, fH, LA Xt ACOS-
XCO, il SR B AU XCO, (E Y4 1Y
A, BRI, fW 22 £ IF J5 ACOS-XCO, 1A 5
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ACOS-XCO, 25 B2 1 722 4k i 35 55 A5 BB 4L AH 3
XFF NIES-XCO, %#s 4, Wik 47 T [ AE A9 XF 4y
By, 45 3 i 7R NIES-XCO, {5 TCCON ML i) A 45 7Y
BN XCO, {H 5 1 25 B IX 35 i 7 558 K A 22 41, A o
TR 223975 2 ppm ZA7 (A 55,2014) , i —2
% ACOS-XCO, 5 NIES-XCO, #47 i (| 2) , 45
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7= i o

400 ;

390 - *ﬁ* L :

380 ¢

XCO,/ppm

370 °

(e) 2010-05

400 p—————

390

XCO,/ppm

380
370
400
390

380

XCO,/ppm

370

400

390

380

XCO,/ppm

(h) 2010-08



Mk &5 K CO, IR = AL DA

T2 R P RN T3 A 37

400 -

390 -

XCO,/ppm

380
370

400 £

390 -

XCO,/ppm

380

370 ~—
90°S

60°S 30°S 0  30°N 60°N 90°N

K
(j) 2010-10

XCO,/ppm

380 -

370 -
90°S 60°S 30°S 0  30°N 60°N 90°N

® ACOS-XCO, = TCCON-XCO,

E2HE
(1) 2010-12
—  GEOS-XCO,

Bl 1 ACOS-XCO, (J5fh footprints [ XCO,) .GEOS-XCO, H¥J{& 5 TCCON-XCO, BRI 4Bk ik
Fig. 1  Comparison of ACOS-XCO,, GEOS-XCO, and TCCON data

405
400
395
390
385
380
375
370

XCO,/ppm

405
400
395
390
385
380
375
370

XCO,/ppm

405
400
395
390
385
380
375
370

XCO,/ppm

405
400
395
390
385
380
375
370

XCO,/ppm

405
400
395
390
385
380
375
370

XCO,/ppm

(a) 2010-01

(b) 2010-02

(€) 2010-05

XCO,/ppm XCO,/ppm XCO,/ppm XCO,/ppm

XCO,/ppm

405
400
395
390
385
380
375
370

405
400
395
390
385
380
3175
370

405
400
395
390
385
380
375
370

405
400
395
390
385
380
375
370

405
400
395
390
385
380
375
370

(i) 2010-10



38 Journal of Remote Sensing

#ERFIR 2015,19(1)

370 -
90°S  60°S 30°S 0
(k) 2010-11

30°N 60°N 90°N

® ACOS-XCO,

XCO,/ppm
)
oo
wn

370
90°S  60°S 30°S 0
(1)2010-12

30°N 60°N 90°N

® NIES-XCO,

K2 ACOS-XCO, iyJith footprints f5 5 NIES-XCO, [1)J51f footprints w5 f)4BR i
Fig.2 In the same latitudinal band, the variation of NIES-XCO, is larger than ACOS-XCO,

F 4k NIES-XCO, 5 ACOS-XCO, U5 T [RIFE
GOSAT WL A5, {5 Hy T 550 0k v FL 0 % 2% 14 A Jr 22
S, DAL 2 500 T 19 2 ) TS (8] 0 A AN S AH TR
WA R A A BREE 2° x 2. 50 4% Rl
4%, o IRkt ACOS-XCO, A1 NIES-XCO, Pi# i vt
T TR, 1 5L S B0 TR AR
DR R XU 55 ) 354, PR Ot A 3L A B ACOS-XCO, Al
NIES-XCO, H ¥J{E %4 5. R H X650 7 B
T ABRAX IR CO, MR RERT 25 A ALRHIE

2.3 EDGAR #ii7

AR TR L S M I A HE TR 5 1S Y
KA CO, e AR A i L, A S 1 2008 48
EDGAR 4.2 ¥4, 2% /2 th B IBA 058 ol
JRC ( European Commissi-on, Joint Research Centre )
Fifaf 2% 3% J&) ( Netherlands Environmental Assess-
ment Agency) BK5 TT & 42 ER 0. 1° x 0. 1°7f % <K
HEfleas 18] 0 A% £ dE %2 . EDGAR Hifs 2Ok I T
PRiEVR 2 TEA ( International Energy Agency ) B9 HERLC
SR B R A A R B VR e TR 38 4 R R K X
S AR AT R A3, S5 B A E A AR CO, HERR
Y6/ QORERE R A E1EE DI 5= N B 73 o i w1 1 3£ 4
B TH P 2 S5O T AT 2 (] A A 1154 2
AEHERE , 2 TEA BAE42EK CO, HEgeit A E
SRR IR (B, 2012) o Bds e v i & AU HE
HOIRIF 258 MR TPCC I3 21K &, Hovp CO, HEik
V5 AU A5 BE VR AR 68 FIR A L 328 3% HE A Tl 5 e HE O
A IR o

3 ZiR5THe
3.1 XCO, g7 88 S 451
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BROAIEOL . BT 0 A ) 2 7 56 A s A L
SR, 3 GOSAT WL BHa A 25 7E 2= A
20 B AN iz ACOS 5 NIES 4% F ¥ 1) i
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A2, M2 T LF $], GOSAT 7 30°S Al
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30°N—50°N F4 45 B X I N 45 R T 40% L) _E 1)
B £ T R 26 B R T BT b OO $ s D, HL
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{2k iR 20 B DX, 4% 2 VA WL I R i, 3 2= 0
ISR 25 (] A3 A AR AN
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Fig.3 The Global frequency distribution of ACOS-XCO,
and NIES-XCO, in 2010
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P S s 1 AR Y 251 A8 AR R, 3978 8 H R
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Table 1 The seasonal variation of XCO, for different latitude band
XCO,/ppm 30°N—50°N 20°5—40°S
ACOS NIES ACOS-NIES ACOS NIES ACOS-NIES

A 389.2 387.1 2.1 387.6 385.6 1.9

b i 2 1.8 1.9 1 1.2
2010 4F KME 391.8(5 H) 389.3(5 H) 2.5 389.0(11 H) 386.8(11 H) 2.2
i/ME 386.2(8 H) 383.6(8 H) 2.7 386.3(2 H) 383.8(1 H) 2.6
ZE AR AR S 5.6 6.7 -1.1 2.7 3 -0.3
AEMME 391.1 389.2 1.9 389.1 387.5 1.6

AR 22 2.1 2.3 1.2 1.2
2011 4¢ KA 393.6(5 H) 391.9(5 H) 1.7 390.9(11 H) 388.4(11 H) 2.5
/ME 388.0(8 H) 385.5(8 H) 2.4 387.5(4 H) 385.7(1 H) 1.8
ZE5 AR AR I 5.6 6.4 -0.8 3.4 2.7 0.7
FEHE 393.1 391.4 1.7 391.3 389.6 1.7

T it 22 1.8 1.9 1.3 1.3
20102 SN 395.1(5 H) 393.2(5 H) 1.9 393.2(11 H) 391.0(10 H) 2.2
H/ME 390.4(8 H) 388.5(8 H) 1.8 389.8(2 H) 387.6(1 H) 2.3
ZE AR A 4.7 4.7 0 3.5 3.4 0.1

T B KA B/ MEL T B EE A 003 B —4F e B (ELOT 107 1 BLA H 3

GOSAT Y XCO, 943 kA , A 2010 4F—
2011 4F F0 2011 4E—2012 4, ACOS-XCO, # A
1.8 ppm, NIES-XCO, 43 %|4 2. 0 ppm.2. 2 ppm;
NIES-XCO, 5 WMO i 5 H i i W i ) 2010 4F—
2011 4F 1 2011 4F—2012 4R 4R35 — B, 730
2.0 ppm.2. 2 ppm ([ 2014-02-10 ] http://ds. data.
jma. go. ji/gmd/wdcgg/pub/ products/bulletin/Bulletin
2010/ ghy-bulletin-7. pdf; [ 2014-02-10 ] http://ds. da-
ta. jma. go. jr/gmd/wdcgg/ pub/products/bulletin/Bul-
letin 2011/ ghy-bulletin-8. pdf) ,
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] 5 b [ XA T o iT . 815 e ilgh b T SR
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55 NIES-XCO, 1 25 (E 310 5/ F v [ X3k, 78 d5e />
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HE X 3k XCO, (7—8 ppm) BA & K T 56 [&] IX 1
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23 (8] S0 A A 5%, AE X 4k GOSAT Wil 3= 2 7E b
Tl DX (= B0 A A JRRT AR MO B EL N R HE ik
TGS ANR) A R AT (& 3) 1 58 [ Xl A
R F)L GOSAT WL £ 45 43 A1 3 R 457, TR
DX e 9 [ X 48 2 1 B g T RE B CO, MR 1y
AR A, FE A B B T A X, AR R B R I 22 R
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Table 2 The comparison about XCO, seasonal variation between USA and China

X I
XCO,/ppm FEH X Hh ] 1X 35k
ACOS NIES ACOS-NIES ACOS NIES ACOS-NIES

SEHIME 389.5 387.7 1.8 389.4 387.1 2.2

T v 22 1.6 1.7 2.3 2.8
2010 4f: IC N 391.8(5 ) 390.1(5 ) 1.7 392.5(4 1) 390.5(4 ) 2.1
f/ME 387.1(8 A) 384.9(8 A) 2.2 385.4(8 1) 382.1(8 J) 3.3
AR 4.7 5.2 -0.5 7.1 8.4 -1.3
AEE 391.4 389.5 1.9 391.3 388.9 2.4

Tt 22 1.7 2 2.6 3.2
2011 4F KM 393.8(5 H) 392.2(5 H) 1.6 395.1(4 1) 392.6(4 J) 2.5
Fe/ME 388.5(9 1) 386.3(9 1) 2.2 387.1(7 ) 383.5(7 1) 3.7
TS AR R BE 5.4 5.9 -0.5 7.9 9.1 -1.2
SEIME 393.1 391.5 1.6 393.3 391.1 2.2

T v 22 1.6 1.8 2.5 2.8
2012 4f e N 395.1(4 1) 393.8(4 f1) 1.3 396.5(4 /) 394.2(4 1) 2.3
F/ME 390.6(8 J1) 388.2(8 J1) 2.4 389(7 1) 385.6(7 ) 3.4
A AR 4.6 5.6 -1.0 7.5 8.6 -1.1

TE PR AEL e/ MELT B 9 £ B — 47 e (DO 107 1 BRER £33

. 7 X DS BT B 1 K, €O, e JE B AS AL AT
3.4 AAHEMEIEE CO, REDTK e 2
SRR R 37 6 A WA o 76 0 AR S S HE B 8
NAHEBUE SR A BRRR CO, WEFFEINE Jesih T GOSAT LIS %k A g HE e 5t 1 1 17
FEH, HATHE 2 ppm S B2 10 GOSAT FLill
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bulletin-8. pdf) , #&FEFLIRTHE, 7R ST CO, HE
IR, AN R A KR 7E 3 km JE I NE SR RG T
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I8 CHHET SR CO, e AR L,

4 45 g
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Temporal and spatial potential applications of satellite remote

sensing of atmospheric CO, concentration monitoring

BU Ran'’, LEI Liping', GUO Lijie'”, LIU Da'’, ZENG Zhaocheng®

1. Key Laboraiory of Digital Earih, Institute of Remote Sensing and Digital Earth,
Chinese Academy of Sciences, Beijing 100094, China;
2. Xi’an University of Science and Technology, Xi’an 710054, China;
3. University of Chinese Academy of Sciences, Betjing 100049, China;
4. Institute of Space and Earth Information Science, Chinese University of Hong Kong, Shatin, Hong Kong 999077, China

Abstract: The applicability of column-averaged CO, dry-air mixing ratio (XCO,) data derived from Greenhouse Gases Observing
Satellite (GOSAT) observations should be comprehensibly analyzed. Such assessment is important to reveal spatiotemporal varia-
tions in atmospheric CO, concentration at the global and regional scales, as the XCO, retrieval bias of GOSAT has decreased to 1—
2 ppm. We analyzed and evaluated the spatial and temporal variations in XCO, at a global and regional scale using GOSAT data
from 2010 to 2012. Furthermore, we preliminarily analyzed the response of GOSAT data to anthropogenic emissions. Two data sets
of XCO, from the OCO team of NASA (ACOS) and the Japan National Institute of Environmental Studies (NIES) GOSAT team,
respectively, were used with different retrieval algorithms for GOSAT observations. ACOS-XCO, is generally approximately 2 ppm
higher than NIES-XCO, , whereas similar variability at space and time is shown in the two data sets. The annual increment of global
averaged atmospheric XCO, concentration is 1. 8 ppm from 2010 to 2011 and 2.0 ppm from 2011 to 2012 ; the seasonal variation is
4—>6 ppm in the Northern Hemisphere and approximately 2 ppm in the Southern Hemisphere; this finding is generally consistent
with the statistical results of CO, variability from ground-based measurements. In addition, GOSAT observations respond weakly to
the anthropogenic emissions on the basis of correlation analysis between yearly averaged GOSAT XCO, and cumulative yearly
anthropogenic emissions obtained from the Emissions Database for Global Atmospheric Research data. Our results demonstrate that
GOSAT observations can detect the spatial and seasonal variability in CO, at a global and regional scale. These observations can be
applied in monitoring the cumulative effects of anthropogenic emissions at the regional scale, although GOSAT encounters difficulty
in detecting the variation magnitude of CO, induced by the point source emission because of the unrefined spatial resolution of
GOSAT footprints.

Key words: GOSAT, atmospheric CO, concentration, temporal and spatial variation, anthropogenic emissions
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CBERS-04 satellite image of Dongtai, Yancheng
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The China-Brazil Earth Resources Satellite program (CBERS) is a technological cooperation program between China and Brazil which
develops and operates earth observation satellites. CBERS-04 satellite will mainly be used in land use monitoring, forestry resource
survey, water conservancy planning, crop yield estimation, environmental protection and many other fields. The CBERS-04 satellite carries
four instruments: panchromatic imager (PAN) with 5 m spatial resolution for the panchromatic band and 10 m spatial resolution in the
other bands; multispectral camera (MUX) with 20m spatial resolution; the infrared medium resolution scanner (IRS) with 40 m and 80 m
spatial resolution, and a wide-field imaging camera (WFI) with 67 m spatial resolution. The cover image is the fusion of panchromatic and
multispectral images captured by CBERS-04 satellite, which shows Dongtai, Yancheng on December 8, 2014. In the image, ponds, rivers,
roads and fields with different crops can be clearly identified.
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