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Title Journal Year |Citation| Field Data
1|Overview of advanced spaceborne thermal emission and reflection radiometer (ASTER) IEEE TGRS | 1998 963 ASTER
2|Land use and land cover change in Greater Dhaka, Bangladesh: Using remote sensing to |Applied Geo{ 2009 854 |+ #Hb#EE | Landsat
3|(Global correlation analysis for NDVI and climatic variables and NDVI trends: 1982-1990 [IJRS 2002 339 £ AVHRR
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7|The global distribution of pure anorthosite on the Moon Nature 2009 | 266 A LISM
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9|Dynamics of land use/cover changes and the analysis of landscape fragmentation in GeoJour. 2012 198 | L #e#7 | Landsat
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11|Lunar radar sounder observations of subsurface layers under the nearside maria of the Science 2009 164 )= LRS
12|A case study on the relation between city planning and urban growth using remote Landscape | 2011 148 #8™ |Landsat
13|Comparison of various techniques for calibration of AlS data NASA Tech.| 1986 | 140 KIE AlS
14|Spectral indices for lithologic discrimination and mapping by using the ASTER SWIR bandgqlJRS 2003 139 [|##~<»Ee4] ASTER
15|The Ganges and Brahmaputra rivers in Bangladesh: basin denudation and sedimentation [Hydro. Proc.] 1999 131 AEE
16[Estimation of storage heat flux in an urban area using ASTER data RSE 2007 128 £ ASTER
17|An automated approach for updating land cover maps based on integrated change detectiISPRS JPRS| 2012 123 | L #e#78 |Landsat
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Fig. 2. Geological map of the eastern part of the North Kitakami Mountains.
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Nationwide Radar Mapping for Geothermal Exploration
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WS REET1S(JERS-1)

Japanese Earth Resources Satellite (JERS-1)
February 11, 1992 (Launch) to October 12, 1998

Sun-synchronous polar orbit, 10:45AlMlocal time
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[Discrimination of Lithology Using Remote Sensing
Data in the Visible and Near-Infrared Regions]
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Yamaguchl, Y. (1989) Origin of

Luoquangou circular structure in Xiuyan

Area, Liaoning Province, northeast China.

Report ITIT Project No. 8713, pp. 73-81.

FEfIN RSN

) 2075 0)1i’¢1,§><

Chen (2008)

Articles | Published: February 2008

Impact-derived features of the Xiuyan
meteorite crater

Ming_Chen &

Chinese Science Bulletin 53, 392-395(2008)

58 Accesses | 8 Citations | Metrics

Abstract

Up to now, 176 meteorite impact craters have been
found on the Earth. Among these craters, none of
them lies in China. The Xiuyan crater is located in
the Liaodong Peninsula of China. This bowl-shaped
crater has a diameter of 1.8 km and depth of about
150 m. The impact-derived features include planar
deformation features (PDFs) in quartz, shatter
cones, impact breccia, and radial valleys on the wall

of rim. It is the first confirmed meteorite impact

crater in China.
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THE EARTH OBSERVING SYSTEM

EOS

A Mission
To Planet Earth




Intermediate Thermal Infrared Radiometer (ITIR)
Proposal by MITI and JAROS in 1987

POP ITIR MAIN PERFORMANCE

. .

PERFORMANCE | : REMARKS(OPERAT ION KODE)

ITEH o
OBSERVAT [ON BANDS | OBSERVATION WAVELENGTI | RESOLUTION | DATA RATE MODE | DATA RATE FEATURES
NEAR INFRARED 0.86< 0.82 jin 5% 8.3 Kbps , SyIR
(1 BAND) . o ¢ MINERAL RESOURCE
PROSPECT ING
SHORTYAVE [NFRARED 1.60~ 2.36 1 1B 41.3 Mbps 2 | ma |
(5 BANDS) o FEEHED Sl I
. OBSERVATION OF
THERMAL INFRARED | ° 3.53~11.7 um - 60x 2.6 Kbps GEO-THERMAL
(5 BANDS) ~ DISTRIBUT ION
ONEA T0, 310
SCANNING PUSIHBROOK SYSTEN INAGING AREA 1S SELECTABLE BY POINTING SYSTEM
SIGNAL PROCESSING |FULL CHANNEL OUTPUT FROM ABOVE OBSERVATION BANDS
YEIGHT 990kg INCLUDING POINTING SYSTEM
POYER 6504 -
SIZE L 6mX 1, OuX 0. 6m HOT INCLUDING HOOD
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ASTER Characteristics

« Advanced Spaceborne Thermal Emission and Reflection
Radiometer on NASA'’s Terra (EOS AM-1) spacecraft

 Launched on 18 December, 1999

* Mass at the launch  Terra; 5,190 kg, 3.5 X 6.8 m
(ASTER; 450 kg)

MODIS

ASTER (TIR)

ASTER (SWIR)  Instruments
ASTER (WNIR) oo

MISR
MOPITT

CERES




ASTER Characteristics

« Wide Spectral Coverage
3 bands in VNIR (0.52 — 0.86 um)
6 bands in SWIR (1.6 — 2.43 uym)
5 bands in TIR (8.125 -11.65 ym)

* High Spatial Resolution
15 m for VNIR bands
30 m for SWIR bands Backward
90 m for TIR bands

» Along-Track Stereo Capability
Base / Height 0.6
-> Stereoscopic Interpretation

-> Digital Elevation Model (DEM)
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SWIR Bandpass Arguments
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Mineralogical Mapping by ASTER

Spectral
Indices Image

R: Alunite Index
G: Calcite Index
B: Kaolinite Index

Yamaguchi & Takeda (2003)
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Terra Launch from VAFB, 18 December 1999

photo by Bill Ingalls/NASA Headquarters
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Red Sea Coast in Eritrea Erta Ale Volcano in Ethiopia
acquired on Feb. 6, 2000 acquired on Feb. 6, 2000




Brightness Temperature at Sensor (C)

o Yamaguchl and Takeda(2003) AL b (2006)
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Preparing the ASTER Operation Scenario
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An example of ASTER
One Day Schedule (ODS) Nov.11, 2001
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Global Volcano Monitoring by ASTER #%

x
7

/\ Rank A (104)
Observation frequencies depend on the ranks Rank B (220)

/\ Rank C (640)



The number of scheduled scenes

Since 2000/2/28 2/19- 3/] ASTER operated in Safe mode
SWIR data off 2013/8/22 4.0E+06
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50th Japan-US ASTER ScienceTeam Meefing
@ Kikai Shinko Kaikan, Tokyo,Japan, Jun 10-11, 2019




:Ilf , ¥ é'
N | Jﬁ-' ::;r_* o i

R PN & S o

.’ # - = - By d
- s - "'-u.'i-lr_.h:'#u '-__ =l

h_q_-uﬁa-i # =AY W = . e —
m ';‘ "' o -

ASTER had acquired 3 6 million
scenes (as of June 2019).
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We celebrated;

Oct.6, 2018: Terra 100,000 orbits .

Dec.18, 2019: Terra launch 20t anniversary

ASTER has obtained 3.6 million scenes.

50t ASTER Science Team Mtg. in June 2019

I }
- -



B. Ramachandran - Christopher 0. Justice - M. ). Abrams (Eds.)

Plafcan (2011) 3—RJL K D& Land Remote Sensing
The practice of technoscientific and Global

diplomacy was central to Japan’s £ tal Ch

and the United States’ joint NA'::"Em:'OE"e“ f alge
s Earth Observing System

development of the ASTER remote and the Science of ASTER and MODIS

sensing system

@ Springer

Yamaguchi persisted with his position, pointing out that other insider/outsider
discrepancies were already embedded into the Japan U.S. team’s user classification
scheme (Pniel 1997:7-8). He closed by writing “if you [Pniel and others] still want
to nominate this issue [for the plenary], we agree, but please understand our feeling
which were mentioned in this and previous mail” (Pniel 1997:7). Notes on the U.S.
team’s discussion show that the plea to “understand our feeling” solidified the issue
as not just a request from Yamaguchi but as a request from Yamaguchi speaking for
“Japan” (Pniel 1997:9). Dr, Yamaguchi, whose English was excellent, often served as
a spokesperson for the Japan team in neootiations with . Pniel reported
to the U.S. team that it was “Japan’s STRONG feelings that this was a closed issue”
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Multiband Processing for
Geological Mapping
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* 4

%@ASTER/ I‘ FE\K (ASTER Spectral Responses for Minerals)

ARIMILNEG—2Y - REMEBEDOREAN.RE/E2it

Spectral Patterns
— Discriminate / Identify / Quantify Surface Materials

.......... -
BT i ki S & REAIRSLMIDASTER
/ 1 SWIR/\VRIGZ
I),/"“‘ N
A - \\A " (ASTER SWIR Band Responses of Clay
NI and Carbonate Minerals)
\ alunite montmorillonite
50 50
I % 45f - 45 -
g g 40 1 40 1
s \ ﬁ_’ 35} 1 35 1
S [}
= o - — .
& "5 6 7 8 9 Band ° 5 6 7 8 9 Band
\ /\ kaolinite calcite
R = 44 55
L \ e 4 - 50 :
F 4ty T _% 40 1 45
- 8 38 T 40
— D 36 - 35
\*\_\/ 1 - 30
\? \/ N *75 6 7 8 9 Band 5 6 7 8 9 Band
w13l . . . . 4 .1 Pioj7§8] 9

07 Wavelength () 25 Yamaguchi and Naito (2003)




gRIDEI A (Schematic Diagram of Observation)

A
ﬁ The Sun * _ Satellite
Path Radiance ¥+ ‘\

The Atmosphere

Surface Rocks and Minerals

n Size Effect




ZR I RX=3E (Effects We Should Consider)

I - BRET S EPR
Effects we should consider (suppress / remove):
(1) HAeEhE (Topography /Slope Effect): #t& (Multiplicative)
(2) /¥R F 7 > R (Path Radiance): BH (Additive)
(3) FLE D#NE (Grain Size Effect): BE (Additive)
EE (Additive)




s hER (Topography Effect)

Noda and Yamaguchi (2017)

0-8 _I T T T T ] T I T T T T l T T T T ]
i A: Sunlit slope -
" A X 0.48 o
BB B: Shaded slope
g 06 i 7 4 A
% B - 6 - /\/
+ B 1 o
@ Q 4
= 0.4 mi: .
X [ 1347 B
i 1 E 3 + /\/
HyMap True Color Image 0_27—/ 9 +
r 1 4+ ———_—'_—\/ C
o l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 L 1 1
05 1.0 15 20 25 Wavelength

Wavelength (um)

BESTIEE PR STRIL, R MPBERICH L TEREETRICLERTEL
Radiance or reflectance changes at a constant rate for different slopes

iz sh R I3 HEE R (Multiplicative)




§T&JL—JL (Calculation Rule)

—RRBO7ZETE JL—)L (general rule) :

“EBEEIR)FEREGIR) LY EIZTS”

Multiplicative calculation before additive.

2+3x4=2+ 12
= 14

%/\> K T—242 LI TIX (for multiband processing) :
“E%ﬁ(élﬁ)liﬁﬁ(*ﬂﬁ)é: Y EI2IT5"
Additive calculation before multiplicative.
2+3)x4=5x4
= 20
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3.2 /\2F Lt (Band Rationing)



INUREEICKBEEFER (Ratio Vegetation Index)

: Puy

ASTR fals color image
(BGR: bands 1, 2, 3)

P £ Bl

RVI: ASTER band 3 / band 2

RVI : Ratio Vegetation Index

ASTER band 3/ band 2




s ZhER (Topography Effect)

A Same material A
§ Same material
% = Band 3| Topo Effect
> (=)
§ ‘/N/‘ $ Another material
‘ <
>

>
Band2 Band3  wavelength (band) S]Ope ‘= Ratio Band 2

Topo effect is multiplicative and constant regardless of wavelength.

!

Same material has a constant ratio even if its apparent reflectance
changes due to the topo effect.

!

Top effect can be suppressed by band ratio.




INRSUOT U RABIR (Path Radiance Effect)

Same material

Topo E‘lffe/ct

Another material

Band 3 Band 3

Another material

| >
Slope = Ratio Band 2

Path Radiance

e

>
P;-{h Radiance Band 2

Path radiance is often wavelength dependent.
(The shorter the wavelength, the higher the path radiance.)

l

Same material has different band ratios due to different path radiances.

!

Path radiance (additive term) must be removed before band rationing.




l{“/ Ptt(:&éflﬂﬁ?;j]%*[ﬂﬁ“ (Suppressing Topography Effect by Band Rationing)

e color image
(BGR: bands 1, 2, 3)

g

RVI without path radiance correction

PROATOIZ. DAT

2 (0. 6610)

Band 3/ band 2
(RVI) after

path radiance
removal

Band2 ~ g

ASIER VNIR B.

w U T U T T T
20 40 60 80 100 120 140
ASTER VNIR B...N (0.8070)
Band 3




N>R EE (Band Rationing)

N Xr

;EE B (Caution):
-INATSGUTVREBINVTHh L EEEERAC L

(Remove path radiance before rationing)

F| 5= (Advantages):
- f B (Simple)
- # A2 R D HIH| (Suppress the topo. effect)

R & (Disadvantage):
- —EITI/RA BN FHIZER

(Limitation of bands to be handled simultaneously)
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3.3 EXRZEH: PCA & Spectral Index

(Orthogonal Transformation)



B3R ZE#: F D747 (Orthogonal Transformation: PCA)

INRBICEREL, B\ T—52ZE
R EZEROI-FFEZFZ B,

REZRZRTHRLDE

No band number limitation. Rotate orthogonal axes for multiband data.

PCA rotates the axes to maximize variance.

e (RE) 1E T —2IIRFL.
EHEROYEMEKRE A

Transformation axes (coefficients) are Band j

data dependent. Physical meanings
of transformed results are unclear.

PCA-1[XBRSE (i) R0 .
PCA-2LI [ (E s R 2 HNHI( )
PCA-1 indicates brightness (topography)
and PCA-2 suppress the topo. effect (?)

ERD 73 (PCAIX., TN TRAREEDLDICEZE[EER

FRA T ITOBE
(PCA Concept)

PCA-2 PCA-1

> )
Band 1



B3R ZE#: F D747 (Orthogonal Transformation: PCA)

B3 EEFZ % (Orthogonal)

M

Bandj | “<PCA- /
CA-1

[a] L 575\%7“6

[ pueg

Band 1
BXZEHIL., hERETLICIEHNGHEITEELY, Orthogonal

transformation cannot suppress the topography effect completely.

Suppress Topo. Effect A
Physical Meaning X



B3R TS (Orthogonal Transformation: PCA)

E;E:;iﬁijsibfiiﬁ1;f. ._'i;::j'; ! 'f;?:. - jf.: #% -;_.
. Ly By N LR, -

Principal -

Component

Analysis  R: PCA-2

Nevada | §

° Reno

Cuprite
(o]

California

Cuprite, Nevada, USA



BEXZEH: ARILILIEEE (Orthogonal Transformation: Spectral Index)

ARGRIVIBEEIX . REYDARIRILINZ—2ZEDNT
Z s iR 5E . Tasseled Cap Transformation (Kauth and
Thomas, 1976) H LR

Spectral indices determine the transformation axes based upon

the spectral pattern of target materials. Tasseled Cap Transformation
(Kauth and Thomas, 1976) is the origin.

i ((RE) (. TOHORDTHT =D, T—R2IUEKFLELY,
ZIEE R DO MIERIE R AT (T HVBREE,
Transform axes (coefficients) are pre-determined and data

independent. Physical meanings of transformed results are clear;
“‘Physically-based transformation” (Crist and Cicone, 1984).

Yamaguchi (1987) [&. JERS-1 OPSHMD ARIFILIGIZZEIRE,
Yamaguchi (1987) proposed the spectral indices for JERS-1 OPS.



ARITFILIEEDBEZ. (Concept of Spectral Index)

Yamaguchi and Naito (2003)

Mineral A

Brightness
Vector (Axis)

Band K2

Band K

Mineral B’
Mineral B




ASTER SWIR|

AL MR IR (Transform Coefficients for ASTER SWIR)

+ 0.059 x (RBands)lj -0.304 x (RBandg)lj

Spectr Band 5 | Band 6 | Band 7 | Band 8 | Band 9
Index
0.452 0.427 0.458 0.438
4&<
. -0.003 0.802 0.059 -0.304 >
Kaolinite 0.663 -0.336 0.387 -0.511 | -0.191
Calcite -0.232 0.478 0.072 -0.723 0.436
Residual 0.184 0.674 -0.141 -0.050 | -0.699

Yamaguchi and Takeda (2003)

Yamaguchi and Naito (2003)

< Band 1 _
a8 2

/ 3

Z %
s 7

Spectral Index

1A 1
1A2
1A3

1An

Yij

(Alunite IndeX)ij = -0.511 x (RBands)lj -0.003 x (RBandG)lj + 0.802 X(RBand7)lj

x RAij
x Raij
=< Raij

+

= Rnij
I




ASTERANRYKFILIBIEE{E (ASTER Spectral Index Images)

Alunite Index Kaolinite Index  Calcite Index

Nevada |y Cuprite, Nevada, USA 1km

Cuprite
@

Yamaguchi and Takeda (2003)

California




ASTERAARIKILIEIEE{R (ASTER Spectral Index Images)

Spectral
Index Image

R: Alunite Index
G: Calcite Index
B: Kaolinite Index

Yamaguchi and Takeda (2003)

I
Nevada | §

°* Reno

Cuprite
(]

California

Cuprite, Nevada, USA
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ARYKNILEEEE (Spectral Index)

Fl 52 (Advantages):
- —EIZIRS /N FEICERA L
(No limitation of bands to be handled simultaneously)

- RIEFSR OB RIE RS (T AV ERHE

(Physical meaning of transformed results is clear).

R /2 (Disadvantage):
- MR EFTEEICIIBFRETEH0N,

(Cannot suppress the topo. Effect completely.)

| PCA | Spectral Index

Physical Meaning X O
Suppress Topo. Effect A A
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3.4 SAM & MSAM



Spectral Angle Mapper (SAM)

Reflectance of Band k

* Treat multi- and hyper-

t Reference spectrum spectral data as vectors in
Topo-effect N-dimension.
/ + Calculate an angle
between a target spectrum
0 Target pixel (vector) and reference
spectrum (vector) by

> using inner products of

Reflectance of Band 1 the two vectors.

SM.P

SAM index value =cosé = =

JiM?JiFi

Kruse et al. (1993)




RAIEDNER (Grain Size Effect)

Pure calcite (100%) powder Fine grain
\/
; ;
: | oE ¥
i ulm U
: i@ =
E o [ 74-250,  0-T4, S
Z - F - &
2 é el 230-1200. D — 0—5 |Jm
- gL E 0-74 um
g 0 N — 74-250 uym
; |__._,,,_|_J ';E :-I T T T T Y T | L Ll i ‘ - - H
¥ 005 08 o7 4 ¢ 1.0 5 20 25 250-1200 pm Coarse grain
w WAVELENGTH o WAVELENGTH IN MICRONS
IN MICRONS band5 band6 band7 band8 band9

Calcite spectra of different particle sizes

Hunt et al. (1972) ASTER responses for different grain sizes

As grain size decreases, reflectance increases, o
and absorption depth decreases. m=) Additive

Vector directions change due to the grain size effect.
SAM cannot suppress the grain size effect.




Modified SAM (MSAM)

HENEDDE

80 - §, o 05 - .
| —EHESEDD. ;g HEAREDDE
70 4 & >
< 6 g RIMIVAERDEDS,
T 60 .\‘\'\'/. § 045 - i 3
g 55 » ¢ om- .. W
%j 50 - *M e g:z ‘ :coa:e v
= 45 | =E=medium . X medium
o e BRI e e T
213 2.18 2.23 2.28 2.33 2.38 243 212 217 wm 227 232 237 242
wavelength(um) wavelength(um)
ASTER spectra of dolomite for various grain sizes .
SAM (unit vector)
;Ei?f’f"b”’% s N HESEDoTE
80 ‘ > ediu =1 [ S
75 4 —o—c(c:arso 9 " /\aﬁjbﬁ I-EJ ‘i Ia L
70 4 —@— medium sg 7 . . .
g M _ . —a—fine g 01712 217 2 ‘ :
g o0 W—average_fine = 03 .
= 55 -
[ o | W ‘—-i-—averagc_medium L o
. | u/—o—average_fine im/\a F)b{b .
40 - wavelength(um)
213 223 233 2.43 ]
wavelength MSAM (unit vector)

deriving from the spectral reflectance and the
average reflectance of the spectrum

MSAMEIL., SEPIDFEDENZTFRETES,

Kodama et al. (2010)

A 2

o




Modified SAM (MSAM)

T

\ﬁ MSAM

Band 3'

1 (Kodama et al., 2010)
Band 1

Band 2
Topography lffect

AM




SAMEMSAMIZ KB VE >4 (Mineralogical Mapping by SAM & MSAM)

Result by MSAM Result by SAM

117°140"W 117°120"W 117°100"W

-

117°140"W 117°120"W 17°100"W

37936'0"N
IT°306'0"N

3734 0N
37°34'0"N
AT734°0"N
37T°34'0°N

37°32'0"N
37°32'0"'N
37°32°0"N

=
| =
=
o]
o
&
~
[

37°30'0"N

37°30°0"N
3T°3000"N
37°30°0"N

1N7°140"W 17°120"W 117°100"W 17°140"W 17°120"W 117°100"W

Alunite
Alunite
6 Boaclinte
Pyrophyllite

Oshigami et al. (2013) ¢

P)- r(}ph}, Ilite




SAMEMSAMIZ LB YE >4 (Mineralogical Mapping by SAM & MSAM)

Result by MSAM

117°14'0"W 117°120"W 117°100"W

' (a—ji b 5

37°36'0°N

37°30'N
i
37°34'0"N

2'0"N
i
37°32'0"'N

37°3

37°3000"N
37°30'0"N

117°14'0"W 117°120"W 117°10'0"W

Oshigami et al. (2013) ¢

Alunite

Pyrophyllite

Swayze "et al. (

Cuprite, Nevada
1998 AVIRIS Data

USGS Tetracorder Mineral Map
Clays, Micas, Sulfates, Carbs.

"HERN EEERNES

[]

K- Alunite
High Temp
K- Alunite
Interm. Temp
K-Na Alunite
Low Temp
Alunite + Kaolinite
Buddingtonite +
Na—Montmorillonite
Wixd Kaolinite
Pxl Kaolinite or
Wx1 Kaol. + Other
Dickite
Halloysite or
Kaol + Musc 2
Na—Montmorillonite
Nontronite or Clay
with 2.29 um Bd.

Muscovite 1  High

Muscovite 2

Muscovite 3 &

Muscovite 4 Low
K aolinite—Muscovite

Intimate Mix
Kaolinite + Musc 2

Chlorite + Muscovite
Intimate Mix

Calcite

Calcite + Muscovite

Calcite +
Na—Mont or Musc 3
Calcite +

Ca—Mont or Musc 4
Carhonates or Chlorite

Chalcedony
2km | N



Modified SAM (MSAM)

F| 51 (Advantages):
- — BTSN\ EREL
(No limitation of bands to be handled simultaneously)
- iz 3h R 7 1Nl
(Suppress the topo. effect)
- RLE DR 70

(Suppress the grain size effect)

Suppress Topo. Effect

Suppress Grain Size Effect X O




%5%@12'3*32 (Comparison of the Methods)

SNERIEEREL T B RANRD <)V
T—R% I8 N—YVaBICT—FZNIE
A= Fid] INY REGESE SAM IINSAM
A (Band Rationing) e SNBSS n
HENER Y. gy EARRE
- WAZMIRZFFED - AR ZFFED
, « VBN FEUCHIFY « MIEFEROERIR T

e 8 RIEIHER
BRZHEY
t E&ﬁ:}’ Y47 (PCA) AR ~ILIERE
ZRITICHARD (Spectral Index)
- HEHNEBEHD « ZRITICHLASRT]
s IFROERHEEE « UIBHERDEZIRT]

i@ﬁ;;ﬂ%é—:fuik_ - IR DFEART - IR DFEART

RS9I - RARTHBONE
TSR

B R O YMEMERR
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3.9 ERIEEHK=DRIRY

(Estimation of Iron Oxide Abundance)



-

Hematite

Cuprite, NV, USA, Sept-2014

& 5 i T h




RLEDRIER (Grain Size Effect)

Noda and Yamaguchi (2017)

1-D| | | | 1 | | I 1 | 1 | | | | | | I

L :
Absorption depth (900D) Fine grain
changes due to iron oxide
abundance.

(Hunt and Ashley,1979)
> =

Reflectanc
@]
(83 ]

<25 pm 0.4
25~45 pm
45~75 ym
75~125 pym
125~180 pm
180~250 ym | O.2
250~500 pm

11I|III|I

=
o=
=
—
.
=

I I I I I

1.5 2.0 2.5
Wawvelength (em)

o
n
—
o

As grain size decreases, reflectance of the entire wavelength region
Increases, and absorption depth is constant or decreases.




2DDNBRICEKDARYINILEAE (Spectra Change by Two Effects)

REDNR (BRER)

Noda and Yamaguchi (2017)

iz DR (FIERD)

Grain Size Effect (additive) Topography Effect (multiplicative)

7__

Reflectance
=N WS~ OO0

X

Reflectance
DN WD OO0

A

B

C

»
|

Wavelength

7__

Wavelength

Additive = Multiplicative (0))

Multiplicative = Additive ( X)

[ Additive effect must be corrected prior to multiplicative effect. ]




Bt k=D RFEY (Estimation of Iron Oxide Abundance)

Reflectance Spectra

Noda and Yamaguchi (2017)

Wavelength: 450-1250nm

the G .
Suppress Slope method (Difference)
(Add\’t\\le)
Eﬁec’t
oress e TopographV l
Sup

(\\/\u\t\p\'\ca“\’e) Continuum-removal method

(Ratio)

Wavelength: 760-1250nm

MCR-900D
~

Iron Oxide Abundance




L RXE D RFEY (Estimation of Iron Oxide Abundance)

Iron OX|de Abundance derived from MCR-900D Noda and Yamaguchi (2017)

- Jarosite
- Jarosite +

Goethite
Goethite

Iron oxide +
muscovite

Chlorite

o I

Iron oxide (wt%)

- Maximum iron oxide abundance is about 6wt% in the jarosite area.
- Less iron oxide in the hematite area (about 1~2wt%).
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3.6 T—HDMERT

(Data Integration and Visualization)



& &ERFRIE (Integration and Visualization)

Kurata and Yamaguchi (2019)

Integration and visualization of mineralogical and
topographical information derived from ASTER and DEM data.

0 2 B 6 km
%:_ &

&
4
=
n

Lithological map

Integration by allocating Cliffs of welded tuffs
information to the HSV

color model elements

Topographical image
’ ",’ ‘J‘r

B

Zonation of the hydrothermal alteration

N OF f Flat plane of alluvium
visualized by changing colors

Steep slopes of chalcedony




(Integrated Image) Ih-Ulziit Area, Mongolia
Batbayar et al. (2019)




$5£®HS$§ (Comparison of the Methods)

Suppress Band

U RICEE Grain Size il Number

Interpret-

Topo Effect Effect Calculation Limitation ability

Band Rationing

O
X
©

X O

PCA A X O X
Spectral Index AN X O O O
SAM O X O O O
MSAM O O O O O
shundancel || O O A | NA | ©
Visumlization O A X NA ©
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B L—4&Yr™ >4 — (Lunar Radar Sounder)

RIEKXDINEFSFEXESERE (19935F~19955F)
Lunar Radar Sounder (LRS)

» Mass: 23.182 kg
. sEmR » Antenna: 15 m x 4 (30 m tip-to-tip)
\ Emissiens Active sounder mode
» Frequency: 5 MHz (4-6 MHz)
» Radiation power: 800 W
» Pulse width: 200 psec

SELENE » Modulation: 10 kHz/usec

- [j . Passive mode (Natural wave detection

WRX(E
Transmission of 20 kHZ — 30 MHZ
Radar Pulses

- » WEFC (Plasma waves around the Moon)

Surface and

BEE Subsurface 10 Hz — 1 MHZ

Surface Echoes

A FiRE
Subsurface Structures




FlExmE
3,000kg

RS
300kg

w SELenological and ENgineering Explorer



Depth [km]

OY v SORKE =~ Onoetal (2009), Kobayashi et al.(2012)
1

AR = Y
| 68W Oceanus Procellarum '°«m | [dB] BB EENHER

—

0 (~%7100m)
TDERERBIMNTT
L3 X[EHHEFE

45 R Y
& R Es
B R HEFE

® enmuanT
KFEF R EHE

B/ﬁ: 5284 ‘@i%ﬁij i

28. M5 E ¥ T/H1H
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4. RIETE=S) T

Environmental Monitoring



BRIBE=2IVJICETSH8FR
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Vegetation Monitoring; Climate Change

Global distribution of interannual changes
in annual NDVI (Kawabata et al., 2001)

Jan.-Dec.

-50-20 0+20+30
(L‘l‘lil 5 % 8\ E',\- )

Change trends of NDVI and temperature in
May to August (Chen and Yamaguchi, 2013)

(‘Bap) ‘Aeq-dwa)

Correlation between NDVI and
climate (Kawabata et al., 2001)

20

1.0

0.0

-1.0
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—1 045

o\ i
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Vegetation Monitoring; Drought

Shakya and Yamaguchi (2010)

Vegetation, water and thermal stress
index (VWTCI) to monitor drought

LST

»

i e NN ‘Healthy Vegetation

280

VWTCI of Nepal and northeastern India
wet IS N drought | VDI

Sep. 2000

Drought years
O km [ 600km




Vegetation Monitoring; Human Impact

Zhou and Yamaguchi (2018)
Trends in Inner Mongolia Correlation with above ground biomass

(c) IMAR (2000-2012) (d) IMAR (2000-2012)

Change rate of PREC (mm/yr) Correlation coefficient between AGB and PREC \ ps

0484 06 07 08 09 1.0

Precipitation

(¢) IMAR (2000-2012)

Change rate of TEMP (102 °C/yr)
Temperature, ™= o = -

20 -16 -12 -8 -4 0

(d) IMAR (2000-2012)

Correlation coefficient between AGB and TEMP

-1.0 -08 -0.7 -06 -0484

(a) IMAR (2000-2012) (b) IMAR (2000-2012)

Correlation between AGB and LIVE
- Significantly negative

| Negative but not significant

Change rate of LIVE (heads/km?/yr)
: . - .
Livestock 4 3 2 U © 1 2 3 4

densities

| Positive but not significant
- Significantly positive




Carbon and Heat Flux Model

_ Okamoto (2006)
Latent heat flux derived from MODIS data

Month | April May June July August | Septemberl October

Total LE

m 1
0 80
[W/m?]

Transpi-
ration

| |
0 80
[W/m?]

Ground
Evapo-
ration |
[
0 5 |%
[W/m?] |B

Intercept
Evapo-
ration
m 1
0 10
[W/m?]




Urban Area; Heat Island Effect

Kato and Yamaguchi (2007)

Flux (

NETR

160 460 W/m?2 140 270 W/m?2
Storage or Discharge of heat on urban surface

@ E AG>0 = Heatstorage
@ AG <0 = Heatdischarge

AG in the central urban area is higher positive in daytime and
high negative in nighttime. <« higher heat capacity of buildings




Urban Area; Urban Growth (1)

T e e
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(a) 1972-1979 (b) 1979-1985
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(d) 1990-1996 (€) 1996-2002

1972

1985

2002

Noda and Yamaguchi (2008)

Mo g ne. -5 TB
L e
1;"'&3}31, Urban growth pattern
i tawaw ™ characterized by “Spatial
s . ST
v Jaxos - Metrics” in lwata area
‘) 19851900 (2 Km by 2 km) in
Toyohashi, Japan
Non-urban
B Urban .
| Outlying growth was
B Infill growth cgp s g
B Experisionigrowt replaced with infill
B Outlying growth growth around 1985.
80
) -\I\.\\H
S —&— Outlying
S 40
g— //‘\A —l— Expansion
20 M —&— Infill
0 | | |
1972- 1979- 1985- 1990- 1996-
1979 1985 1990 1996 2002

Time period



Urban Area; Urban Growth (2)

Urban growth of Nagoya (Kizawa and Yamaguchi, 2015) 14 -

10 +

Brussels
12 - /\

2w / 000T

I Non-urbanarea 4

Urban area

o B Waterbody Las Vegas

20km Denver

0 - ’ ;
1980 1990 2000 2010 2020

7

Large urban sprawl
6 /@ ¢ | Slow pop. increase Small urban sprawl Urban sprawl
5 | X ‘ —| Rapid pop. increase _
Small urban sprawﬂ characterized by

4 N\Brusselsy | Slow pop. increase )

enedu “Sprawl Elasticity”
(‘@) Chengd
o |

5 (Watanabe, 2018)
‘ Las Vegas

Buends Aires @ Ca e Town @ @ Hanoi
17 Karachi
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Concluding Remarks
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A Proposal for Joint Development, Launch, and Operation of
a Landsat/ASTER FoIIow-n Mission

ASTIR

@Q !

JAPANIUS A

April 16,2004

Dr. Ghassem Asrar

Associate Administrator for Earth Science
NASA Headquarters

Washington, DC 20546-001

Mr. Atsuhiko Hatano, Director

Space Industry Office

Ministry of Economy, Trade and Industry of Japan
Tokyo 100-8901

Dr. Charles Groat, Director
U.S. Geological Survey
National Center

Reston, VA 20192-0002

Mr. Takaaki Yoshida, Director General
Earth Remote Sensing Data Analysis Center
Forefront Tower

Tokyo 104-0054

Dear Gentlemen:

Accompanying this letter, please find for your consideration, “A Proposal for Joint Development,
Launch, and Operation of a Landsat/ASTER Follow-On Mission.” This proposal is submitted
jointly to your organizations by a group of scientific and practical users of ASTER and Landsat
data who are deeply concerned that the continuity and future availability of moderate-resolution
satellite land remotely sensed data may be in jeopardy. Landsat and ASTER have demonstrated
their significant value as tools for addressing many types of scientific and practical problems that
are important to the preservation of our natural environments and to the well-being of mankind,
and we believe this type of remotely sensed data must continue to be readily available in the
future.

The proposal we ask you to consider outlines an approach for ensuring future availability of this
type of remotely sensed data while at the same time taking advantage of the financial and
technological benefits that can result from cooperating together to achieve common goals and
objectives. We hope that you will give this proposal serious consideration. We stand ready to
assist you in any way possible in the further development and implementation of this proposal.

On behalf of the proposal signatories, thank you for your consideration.

Sincerely,

Michael Abrams
Member, ASTER Science Team

Jet Propulsion Laboratory
Pasadena, CA, U.S.A.

Yasushi Yamaguchi

Member, ASTER Science Team
Nagoya University

Nagoya, Japan

cc: Secretary Norton, DOI
Administrator O’Keefe, NASA
Associate Director Ryan, USGS
Mr. Turner, NASA
Mr. Kaye, NASA
Mr. Feuquay, USGS
Mr. Thompson, USGS
Mr. Yosuke Asai, METI
Dr. Hiroji Tsu, ERSDAC

Submitted to NASA, METI,
USGS, ERSDAC

on 16 April 2004

with approximately

200 proposal signatories
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LA DERL1Z D F TF (My plan after retirement)

o Rl Tk EAERE (UST) O Hh Bk FR AR ER =R X It [E &
B R AT 1704 5L (SATREPS) DA F 8¢ %
ERETHEOLTE

| plan to work part-time as a research supervisor of the

SATREPS program of Japan Science & Technology
Agency (JST).

https://www.jst.go.jp/global/pd_po.html

e ASTERHAIURF—LOBAXRAN)—5F—F,, ASTER
MENILNTLVSEIX. 5IEHREEHSDOEY

| will continue the Japan ASTER Science Team leader.

« TOMDEFREIX. ILEYPIRITEZZELATZLY

| plan to spend rest of the time for travel and trekking.
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yasushi@nagoya-u.jp
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Because we cannot hold a celebration ceremony due to COVID-
19, | would like to request you to send me a message by April 10
or so to the following e-mail address. Any format including Word,
pdf, photo or an e-mail message will be fine. | will edit and
distribute it to those who are interested. yasushi@nagoya-u.jp
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