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Abstract

The GOSAT (Greenhouse gases Observing SATellite) data provide new opportunities the
most regionally complete and up-to-date assessment of CO,. However, in practice, GOSAT
records often suffer from missing data values mainly due to unfavorable meteorological
condition in specific time periods of data acquisition. The aim of this research was to identify
optimal spatial interpolation techniques to ensure the continuity of CO, from samples taken in
the North East Asia. The accuracy among ordinary kriging (OK), universal kriging (UK) and
simple kriging (SK) was compared based on the combined consideration of R values, Root
Mean Square Error (RMSE), Mean Error (ME) for variogram models. Cross validation for 1312
random sampling points indicate that the (UK) kriging is the best geostatistical method for
spatial predictions of CO, in the East Asia region. The results from this study can be useful for
selecting optimal kriging algorithm to produce CO, map of various landscapes. Also, data users
may benefit from a statistical approach that would allow them to better understand the
uncertainty and limitations of the GOSAT sample data.
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29 A2 ATA 0] ollsleks BE E4S
sk b 2ag 2207 719e A,

1. o] 24 1A

1. GOSAT

GOSAT COz9F CH4) A A4 #3E Hlo¥
£ &7] Y8l 20099 1€ 239 Y& 3y AT
7Nek 7191 JAXA (Japan Aerospace Exploration
Agency)®t ¥& =y A+4(National
Institute of Environmental Studies, NIES)7}
ARG 20| SATIASH §14dolth. GOSAT?
A A= oF 1.75ton o]9, =1 oF 50|t}
GOSATZ Hl¥E7] #%= 14422 666km L=
A 10km®] 57 /4=2 HlolBE FSstaL Sl
TN EE st AFE of 143] A= &1 &
AotA =Ho, 39 Fo T A9E Hat o
1%(4ppmv) 2] Ao X= SAstA Hot
(Kuze et al, 2009). GOSAT 4ol dist &FAgt
AFFLE Table 13+ 2t

GOSATo|= TANSO-FTS(Thermal And
Near infrared Sensor for carbon Observation
~Fourier Transform Spectrometer)2} TANSO

T

Table 1. Major Specifications of GOSAT

Characteristics Value
Orbit Polar sun-synchronous
Altitude 660km
Spatial Resolution 10.5*10.5km
Period of Revolution 14.66 orbits/day
Repeat Coverage 3 days

~CAI(Thermal And Near infrared Sensor for
carbon Observation—Cloud and Aerosol Imager)
of = ZHe} AAZE ke o] vt TANSO-FTS
A2 T 47he] B3 sh oS AT glow,
Band 12 Oy, Band 2,32 COy, CH4, Band 3+
COy, HoOE &4 4= Slth(Table 2). TANSO-
CAl& oo|2&9] E57¢} FeAE F=sh= Al
Az A5 719 =8 g Aol et F5ol 9
e A G 9] ISWMER A E ] 9lom,
T2 ZAA oA 55 ARSI ooj2E
o] Feta avs gAsto] TANSO-FTSlA &
=% 002, CH49 A3E HAsI=H AMgHch
(Kuze et al., 2006).

GOSATE Aqua 94¢ AIRS(Atmospheric
Infrared Sounder)®t MetOp Y7439 IASA
(Infrared Atmospheric Sounding Interferometer)
off Blgj Fofd Feid= 2 s 7L §l
o}, 22y GOSATS th7]1& Fafsff & 9o g4
o] wet olitaigta: FEE S7gskal g7 o
woll 57 A 5ol EAske A4S WS ARE
B AASHA =L, o= Qs HA #HE A
10% Be 27wt BdF o] ARgHTE webA
GOSAT At&g &3 olitaeta o] $71H4 i3 |
9= As] AlRMA oAl Hrt, GOSATS] a4l

ZASA gre A el 2k g 34
st g7hRle] ot A7k Bl

o
287 BAe 4 RESHe R0 9XHN

Table 2. Specifications of the TANSO-FTS

Pointing mirror

2-axis pointing mirror

Scan Cross track(+35 deg.), Along track(+20 deg.)
FOV [FOV<10.5km, 790km(Scan width)
Spectral band Band 1 SWIR Band 2 SWIR Band 3 SWIR Band 4 TIR
Bandwidth (ym) 0.758~0.775 1.56~1.72 1.92~2.08 5.50~14.3
Targeted gases 0O, CO,-CHy CO,-H,O CO,-CHy
Time necessary for 40,200r 10

single scanning(sec)

(depending on the scanning mode being used)
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Fig 4. Q-Q plot graphs for CO,

Table 3. Variogram model and parameters

nugget

Variogram| Nugget | Sill /sill ratio (%)

Simple Kriging | Gaussian | 5.05 | 7.68 65.8

Ordinary Kriging | Gaussian | 4.96 | 8.46 58.6

Universal Kriging | Gaussian | 6.77 | 11.63 58.2

of gt}
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Table 4. Cross validation for Kriging

Variogram| ME RMSE R

Simple Kriging | Gaussian | -0.113 4.86 0.487

Ordinary Kriging| Gaussian | 0.048 2.28 0.569

Universal Kriging| Gaussian | 0.019 1.07 0.028
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Fig 6. Regression function for prediction by Kriging a: Simple Kriging, b: Ordinary Kriging, c: Universal Kriging
AHel WA Hlme9lE AR oduk Aegel  AllEa 3 ARE 4E a97, 47 297,
A3 702 AerdC) Uil Fe)7) L o g3te] AT FioplobH el
opiteleta: FEERE ofo] upE oitelekae] B
3. ZxZalo| By EM 545 AR Ao 4E 297, A 2
7] oy 7] = B oAl AA 2A
3_3170] 7]]?:'401] 7]_%}_% XO}_@' %_ ?_5}-1/]‘{:_— ﬁ:llxl ‘11 o, E\l—ia [¢] ET o =2 ]"101] -] Lxﬂ ]"1
H \A—_‘(_z_/\“o O/‘\_]_'—T;;]_’/\LZEEEOE o]%
A BEAL Y ARES BAE Hem o 0 SIS GRS SOl U
A8 4 G Aol ole] B AL GOSAT ol e FOIR S AR Sl
e - o] olalsteta FEE Holal glgich ojAlshea
o7 AL o|AlE A B g E J87)] BA . -

59 osiga £ ARE A0 o) A BE BAHL BEA U T BBy
7IHE Sl Aldtehal o5 o R AT oo Ao R Wo 223]9] o]Aslebay
et RESAT 24 227 /1Y ER oju@ 24 Yehdm glom, dukE Fui JReAs BA
Arts Jetfi EA] dskolet, Fig 7, 8, 9+ ©] I IR HFE Y o= oM




Z|ITIS - PN / GOSAT 7|Ete] SE0tA0 CO, BE=0l| MEE 2|2 718l HlwEIL 887

£ 249 ZAHAE Wil(interpolation)oll AFE-¥

AT 12709 Htgtoll 7PHA FHste BEFeR

Asf, G5 Ao Yehtes 54 Folu A=

o] o] Malsh= o—r°ﬂ o5 HhedskA] Est
O

High : 381.90

Low : 370.59

o
3T —
. . o
Fig 7. Prediction map by Simple Kriging stk ol#dt FAAT = gk A7) A <

High : 386.40 .8}_7] ]IHT"?__?_

370.59-381. 90ppm At 297 374.99-
386.40ppm, ¥y =27 376.76-391.99ppm
2 4% =899 352371 A4 84 Rauc

71 A7) 4 Ao dehitt oleid 2

ER N EE R

ol
e 2gF 27 34 9IS Hol= Wi, AE 294
7 718l Hlsf A= do] "oldS o
R P 0 18 g g K AR L QR i S
off alof Faghe AA|, gk 2l Alxtst
smoothing effect”t U S3HES J&a}
4517 ol Ho| TR
ME ZYA Y B EA ARE A=l A

Low : 376.76

Fig 9. Prediction map by Universal Kriging g9 Hdof 7MA = g@ O 2 A =& Hejol

Aqef olrtefeta FE7F XA ALTI A g0 qur 387 Ao ;1L ] olo] EAS H]-Oﬂ
of QAT IS 7L FESL LSS L slo] wmA o AlE 220 2HAWNE KoL,
oAt (A9, 2010) it 27 A9 #4529 AH A

AAAR] 2429 HEE LEsto] AR} 79| EAuLS 1257 o] ukziol # Qo)A
AFAAZ a, b, c, d Wl e} FAHOR TR wold RS FAskA] Faf Uul 2] 7o ug
of Aol ARG ofatetEa ARZF AE (d) 7+ A4 tha "ojre Ao® Yepdtt wEt
A2 279 A2 7ol wef ofAlsfetae] 7b A FHotAlokR oA S ofAlsleta AHRE
A AelE Boledl, de Ad Ae dEleaw B4 Ay 9 dFE 7R 9
Fig T=(d)olA & & Ql%o] &40 ARgH olilst = Aoz 3l Hrk(Fig 5). AL Hshs o
eho) it A9 378.68ppmoll ZPAAl FAsE 7 A@Ao] 228 A 7ol whet n| & A4 <]
I UGk At A2A9] Beolle At 5 gt AR ] olFe R de] EojA 9l



287 e 1 S50l ghet 24 AgEE
40k 714o] Tt 24AIIE A2 kA vt
o 4 otk ATEAT B4 Aro] EAl we
YT 2207 1%l Hadek ik, GOSAT
Jol 55 FRotio} x|ojo] ojtsieka 2
2] S 207 FE Aste) A
wafo] Tt e AEE A

WA v 24 G o|aseia ghe Z5]
Sla) Wagh AEgre] FRARES T3] Sla) A
250) Wl o9e weus A o| skt 4
29 A4e djeleaRe BY g Z7si)
04 Az olellAl 1 gro] s LepLbul,
W mA e SelAol e ead gl A4

HE T A0 ekt ol gET 4
o

A orlo 1o
Bl AHe
2L H
o
oW
e ox
£ oo
NS
N,

& 4o
of U
R
o
X % o
[e]
)
HT
=2 ot
rEIL jlii
Ol
) o,
N

o @ ok
o
lo

oo we AN oX ok B
o ox
~N &)
ok oL
=) ok

&
oLl
5 tlo
== , _}L ;
fol =~
& K
o 0 Iy
2
e R
o =~
o o
N o
° r
I = o B
N
22)
[N
1

Moo it

ox

A4zl W e A
ehd 4 olek webd moh AER 34 ke 2
} SJaie vEHA ] Hat 271 A
oI A5 29 5 v % 2

Jé 7}7k *l Yoo} OPUfl ZWI

4) J(I)T N TS

i)
1;

4] %E N

A& HReR 97| hize] Ho A=de &l
7] flaide 5ol A= ool aHE A

= F7HEoop & Ao ' AbrE

A} A}

o] E=Ho oN1UE AR(WSTEH| &) 9] xH
Yoz FradA e A Ys wol AFEHS)
(NRF-2011-327-B00861).

HrEd
WY, 2010, IALS FHOR S FRoplot &
A7V A 2 BT, Aot

2010, GISE 83t o]
7F Z—Bﬂ—E_ H]—u:l7} 6‘]—5_]1-
S g3k 7] A] 19(6), 647-656.

)

o
ok
.

P

L o
K1
s



TS - HEY / GOSAT 7[Hte] SE0tA0F CO, Bx=0f A8E 32| 714l Hludst 889

AU5E, 2010, FHEAZ S o83 BA| WFF
AZ9| A A, AR A],
13(4), 138-147.

T8 - o7]9 - HHE, 2008, EAIUATA A
2] e 1S o]-§3h H Ao A S|
3}, thRrA AR A], 24(2), 107-115.

He S - A3 2009, AE3H FAE AAdE 9

g 297 71 A4 gA AR B
A 24 Qi T AR A, o
A 2)8t3) ), 44(2), 395-409.

2010, 7] 5 olAksteta Hirof tigl o]
3 : $14 8= GEOS-Chem Z1ME 4]
o7 e g - FrhATe,

-4 - RISk - o]3)%, 2008, WlEle 1w mEl
Hstol| whE At 227 Bl viE
w4, S AAt 2=, 21(3),
295-304.

259 - AF4, 2006, AR et 3Rt
719 9] A&, FH=GISstE| A, 14(6), 29-41.

249, 2004, GISY] BAA FHEAE o83t 3

’ ’

SHE BE Py stot Agheha A5}

FF, 2007, AHEAS AlTmkEE s,

Coulibaly L., Migolet P., Adegbidi H.G.,
Fournier R., and Hervet E., 2008,
Mapping aboveground forest biomass
from IKONOS satellite image and multi-
source geospatial data using neural
networks and a kriging interpolation,
Geoscience and Remote Sensing
Symposium, IGARSS 2008, 298-301.

Florio E. N., Lele S. R.,, Chang Y.C, Sterner R.
and Glass G. E., 2004, Integrating
AVHRR satellite data and NOAA ground
observations to predict surface air
temperature: a statistical approach,
International Journal of Remote Sensing,

25(15), 2979-2994.

Isaaks E. H. and Srivastava R. M, 1989, Applied
Geosatistics, Oxford University Press,
New York.

Kuze A., Urabe T., Suto H., Kaneko Y. and
Hamazaki T., 2006, The Instrumentation
and the BBM test results of thermal
and near-infrared sensor for carbon
observation(TANSO) on GOSAT, Infrared
Spaceborne Remote Sensing XIV, 6297.

Kuze A., Suto H., Nakajima M. and Hamazaki
T., 2009, Thermal and near infrared
sensor for carbon observation fourier-
transform spectrometer on the greenhouse
gases observing satellite for greenhouse
gases monitoring, Applied optics,
63(10), 6716-6733.

Lal M. and Harasawa H., 2001, Future climate
change scenarios for ASIA as inferred
from selected coupled atmosphere-
ocean global climate models, Journal of
the Meteorological Society of Japan,
(79), 219-227.

Manthena D., Pual S. M. and Kumar A., 2009,
Interpolation of radon concentrations
using GIS-based kriging and cokriging
techniques, Environmental Progress and
Sustainable Energy, 28(4), 487-492.

Tomosada M., Kanefuji K., Matsumoto Y. and
Tsubaki H., 2008, Application of the
spatial statistics to the retrieved CO2
column abundances derived from
GOSAT data, 4th WSEAS International
Conference on REMOTE SENSING, 67-73.

Tomosada M., Kanefuji K., Matsumoto Y. and
Tsubaki H., 2009, A prediction method
of the global distribution map of CO,
column abundance retrieved from

GOSAT observation derived from



890 HIEEII M20 M6

ordinary kriging, ICROS-SICE International Method, Annales Geophysicae, 18, 660-
Joint Conference, 4869-4873. 678.

Tranchant B. J. S. and Vincent A. P., 2000, Wang X., 2007, Spatial and temporal patterns
Statistical interpolation of ozone of land values based on the krigng and
measurements from satellite Data(TOMS, GIS method, CHONGQING JIANHU
SBUV and SAGE ID using the Kriging University Journal, 29(1), 101-105.

Z|ZHTRES 11,11, 30



