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Decadal Trend in Max NDVI(Top) and Z NDVI(Bottom) which denote Vegetation Change due probably to Global Warming.
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Extracting percent tree cover from very-high-resolution QuickBird images.
(a) true color composite (R/band 3, G/band 2, B/band 1); (b) tree
extraction using image clustering; and (c) result of tree extraction using Calculating percent tree cover for each cell in the training data using QuickBird
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China: Paddy rice
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Distribution of Computed PSN (CO, fixation)
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Photosynthesis rate PSN in forests over SE_Asia in August
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*N. Lagrosas et al., “Observation of boundary layer aerosols using
a continuously operated, portable lidar system”, Atmospheric
Environment 38 (2004) 3885-3892.

*N. Lagorsas et al., “Correlation study between suspended
particulate matter and portable automated lidar data”, J. Aerosol
Science, 36 (2005) 439-454.

°* G. Bagtasa et al., “Dual-site lidar observations and satellite data
analysis for regional cloud characterization”, Optical Review, 14
(2007) 39-47.

* T. Shiina et al., “Temporal and spatial variation of cloud
measured with a portable automated lidar”, Advances in
Geosciences, accepted.
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Radiation from Rain
dcattering by Frozen

SRR | . - Particks
AKORIYM) =1 LOTHR: Cloud Partick 9
4HDHBHNBMERED g5 _—
ENHBRBTFNAOREISAET o - b ] ae
NWelting Layer—> ~ 0°CBack scattering from Preci
Rain Drops T :
FEME (KW ’
HABE BNER#

oS8T, ¥ inds

©100 members started with Extra-tropical Low

perturbed initial data
®Geostrophically-balanced §
perturbation plus Humidity
[ PrCX/Y) = Pr(Y /X) Pr(X) /PR(Y) | e s
® CRM#ER &7/ 0BRERE DMK (Mitchell et al. 2002)
RAW=5& / RTER Upper Cold Low

A YN WK REDCRM~ DR L3 Jan. 29, 2003

SR ThWIE / MLEF / B {L3RBRk ¢ .
. oi&bz’ - N—
e d =rig R
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CRW+RTM NPCTEOIK) for 20040608172

AMSRE (200311!27/04UTC)

OHRAIL THRITYDIEKE -
H¥100km scaleDHEIE T h
79

ok -FBATHER | B
HTBORAHEIES - L v 8w
_ (2003/1/26/21 TC ft=7h)

—=
F—ERLDEEITIE, 8
MERLISRIZRT HF
BEZESLE

)
HTLEBEKSE (Jan. 27, 2003)
‘ Bt OF/N (18GHz) | )

.| 1« LN(Ts-TB)
AT | Ts-TB=
. Ts(1-es)exp(-21)

BF 0 F/(89 GHz)

T « LN(TB/TBflh)
TB=TBflh Exp(-1)

¢ F—SREICHEO®RFROEnsemble® 5
Ensemble E¥ A Blif 4 x#1-930 ZRD175

max P(Y| X (r+8D))P(6D)
P(X)~Y wB(X.X,.B)
P(X 1Y)~ P(Y/X)P(X) :
> wR(Y/X)P(X,X,,B)
S wR(YIXR(X,X!,B) .
© Maximum Likelihood Ensemble Filter

(X(r) =X, (r+3D)P; (X (r)- X ,(r +6D))
+(Y-H(X)R'(Y-H(X))
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@ Hoffman & Grassotti(1996) M A EFMALS
2 8D ELLF® cost functionZR/MET HERE:

J,=86D'E"', 06D+ (Y -H(X,(F+5D
© AMSRE TB10v, TB18v, TB23vE#RAIT—4 YET B
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O 197 ORE~4) ot B30m_ 33011208TC

NE+MLEF

19 7AVE D083 007 OR(E~4) of $30m DNNFIUTC ALLT) CRE-&} of $30m Q301270401

® Cold Frontal case (Jan. 26-27,2003)
® Ensemble forecast (21 UTC Jan.27, 2003)
(100 members, same as the previous section)
® Assimilate AMSRE TB 10v, 19v, 23v
(04 UTC Jan. 27, 2003)
® Experiments:
NoAssim
MLEF
NE+MLEF
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(X(") =X )P (X (1) =X ) +(Y ~HX)R™ (Y- H(X))

® Jgradient, HessianZ A4 RL—2DF7 4
VITNEBHZX) EE->TRDS:

AJ=P,"*(X-X,) -Z(X)R " (Y-H(X))
Z(X)=[R"*(H(X + p/) - H(X),......)]

ANRD (210-200.43) 03012704 DNS10TARE
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Practical study of retrieval algorithm for both aerosol optical property and reflective property
for ground surface from satellite imagery

Z01: MODISE2Z AWV -HERE7IILAFOEHFEER LED&ET

Part I: A study for improving the precision of ground albedo retrieving from MODIS imagery
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Loner riee = . PAL: Portable Automated Lidar
Scaler
ooy >
: EEIRNF B TAE—TGR
Laser LD pumped Nd: YAG Laser
Pulse Power 15 pJ MR
Wavelength 532 nm BRMHE1mradkYHNEBET ST
Telecope, o[ SAMiiCeneeraln ETRERABOWTYERIFT S,
Aperture 20 cmé
Field of View 0.2 mrad. FRHNLBRLOBMY. ERBETTOL
Scaler Resolution 24 m B ﬂ%iiiﬁo
Range 24 km [max]
Averaging 10 or 20 s
Scanning Rotation Range +30°
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Fig.7 PAL system with scanning-stage.
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Fig8. PAL system control software.

Fig9. PAL scanning observation data. May 19, 2007. Temp. 22.1deg, Hum. 64%.
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T. Bouquet (BE'R B K% BEEAR)

Asian Dust in the Spring of 2008
http //arlst edu kagoshlma u.ac. Jp/adust/ad2008/ad08top htm

' Long term camera records of Asian dust events in eastern Asna
during 2005-2008

K. Kinoshita and T. Nagamatsu (Kagoshima Univ.), N. lino (kumamoto Univ.),
Wang Ning and Zhang Gang (NENU, Changchun),

D. Jugder and N. Ogtonjargal (IMH, Ulaanbaatar)
The CEReS Int’| Symp. & SKYNET Workshop, Nov. 2008

Changchun light dust on 1-2 March 2008 3.1_13cst

Changchun. 1-4 March 2008 { 6-18 GST)

1t dust in Japan over Okinawa-Tohoku on 3 Mar.,
Followed by dispersing dust on 4 March.
-] Kagoshima: visibility decreased to
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C. BARKILIZE T3S0, RMHDUVAASERHI
With M. Watson (Univ. Bristol)

D. ZEBITHITHXIUMESO20 K [ILAL

with BRIR B E - TEEMBA(=E BRIEAR)

Ulaanbaatar, Spring 2008

Ulaanbaatar 2008. 4.15-21

S AUEEIDE MGG ASGUALDE SESUI SSRGS Y

Short time dust on 17 April

B. KILRSIE- S EMRTED
A48 - B TR BR IR TE R B

FRE - KEMDFLRRE
AB—N LIRSS

(FTORIAAS-ETAHAS 73 WebCam)
LAE—FEBZARERSE AR aExR5
AR TOIAVNSRAMDALNRVELHS | 08.3.21.1307

JSEA: http://arist.edu.kagoshima-u.ac,jp/adust/adZOOS/panorama/panoos.tm
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SO, retrieval

1.3_1253, 1347 / 1.15_1251, 1.28_0730Vis

* SO, absorbs UV light in the region 300-315 nm

¢ Bandpass filter centred on 307 nm

502 Absorption Spectra and 307 nm Fiter Response

Absorption (molec/cm?)

Transmission (%)

" Cf. Mori & Burton |

(2006)

i Use of a second
| filter >320 nm

(outside the SO,

{ signaturi

Difference imaging ‘
by two cameras

| eliminates the effect

of aerosols / other
species in the gas

| plume

BEVREWE

08.12.15_1015Vis, 1020NIR

o TSR iy

C. BRMXIIZHET5HS0, R H D ENHEHASEA
BERKUFEUFRE, EFKF. 2008.10, p.41
14th CEReS Int’l Symp. & SKYNET Workshop, Nov. 2008, pp.173-176,

T. Bouquet, K. Kinoshita, M. Watson

~_Camera deployment, April-June 2008
™+ Sakurajima

— Satsuma-l6jima

The UV imaging camera

* Mori & Burton (2006) and Bluth
et al. (2007):

UV camera used here based on
Bluth et al.

* 2-DCCD: 1024x1024 array

* Lens: 105mm focal length, field
of view ~13°

Pixel resolution J
typically 1-3 m |
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Quantifying SO,

270 ppm.m Tn 7

115 ppm.m

SO, absorbance calibrated to column concentration amount using gas cells of
known concentration (end and beginning of sequence)

Imaging at HEEER# B : 2008548268

* Imaging location ~3.15 km from
vent > pixel resolution = 0.85 m

* 14:30 - 14:40 (10 min. sequence)
* 5 sec. interval between images
* Exposure time = 0.8 sec.

50, Cotumn conceritation (pm. )

o 125 20 s 00
o ooe oo on 01
e
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Imaging at Sakurajima: 200854 24 H

* Imaging location ~4.5
km from vent > pixel
resolution = 1.51 m

* 15:40 - 16:00 (20
minute sequence)

* 5 sec. interval between
images

* Exposure time
(adjusted for imaging
conditions) = 0.6 sec.

O B#MAO behind
southern slope

Sakurajima SO, flux (20 mins): Average flux = 1090 t/d
Wind speed = 14.4 m/s

thud(i!l (m)»

lojima SO, flux (~10 mins):

16

e A
-, [o s [ mp
" o AN TN T Mo e
£ A e ety y
= NN\ AN
X o8 ~
e
o
804
7Y S LI SN RSt I SN ki)
0 70 140 210 20 30 40 40 %0 €0 0 ™M

elapsed time (sec.)

« Change in flux associated with pulses/puffs of SO,
+»Changes also likely to be controlled by wind movements

* Average flux only 96 t/d Il Huge underestimate compared with usual values
(~300-1100 t/d)

* Due to plume moving behind the mountain, but also because of an
underestimation in SO, absorbance



Power station plume images of SO2 at 0.7-5.3 km

5.3 km
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T. Bouquet, MSc thesis, Univ. Bristol, 2007

Conclusions of UV camera observations
at Sakurajima and Satsuma-l6jima

* Time-series derived for Sakurajima
— change in SO, flux

— distinction between BBFIX O and F&

However, the SO, signal is complicated by the presence of

ash and UV scattering between the camera and target
plume.

Flux is heavily underestimated at 16jima because of this.

This study shows interesting relative emission rates over
short time periods for preliminary images.

* Future study will concentrate on additional imagery:
—ash images and 2™ filter
—images from other volcanoes

“Airlight”: e® (d-distance; B-scattering coeff.)

atmospheric transmissi

Multiple horizons: Atmospheric transmission (70% humidity, 307 nm)

—— RURAL

Santiaguto (west)
‘Santiaguito (east)

>+ e x

distance (km)

Shettle & Fenn (1979)

D. ZEBICHI+5 X 1L4ESO:.
DKREHEEL

+ 50, and H,S measured every 5 mins

ity

\

- H,S negligible
= I-hour data used (WW‘ )

N 2000.12~
H 2001, 9~

3km | 2002, 3~

N 2004, 4~ * Japan Ministry of Environment

describes hourly measurements > 0,1
ppm as dangerous to human health

« High SO, concentration event
defined as: 1-hour average > 0.1 ppm

5 minute concentration measurements:

' Level 4: 5.0 ppm
' Level 3: 2.0 ppm

Level 2: 0.6 ppm
Level I: 0.2 ppm

*East and NW sectors: Still dangerous, habitation limited or forbidder

*North ; West and SE: Safe, frequency of high conc. events < 5% all year round, but short-lived events still

oceur (N/S winds)

:4 () E stations 1 o
-! | s
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A AN e e
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Simplified ‘grounded’ plume profile:
Gaussian parameterization
\
. (almost continuous)
concentration profilfe K

/ Ground-level

Station locations and SO, concentration
measurements (discreet points —
somewhat random)

DOAS column
concentration
measurements

Ground-level plume

* Computed ‘Gaussian’ curve using least-squares technique

* Data adjusted to fit on E and SW arcs

+ E.G. 1 hour's data (25 Oct. 2005, 11:00) S
— indication of centre of the plume (peak concentration) and plume direction
— indication of plume boundaries (plume width)

+* However, limitations
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Locating plume profiles: EAST and SOUTH-WEST

Google

Computed plume direction for October 2005, compared with
observed wind measurements:
Computed wind direction

30000 1

g

column cone. (ppmm)

BR B

* Typically 4-5 road traverses, which take ~1 hour to complete
* Data geometrically adjusted to fit to E and SW arcs

« Simplify traverse profile by taking average of all traverses: representative of
~plume shape for 1 hour (therefore comparable to ground conc. data)



Computed Gaussian profiles: strong wind example
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* Wind speed: ~10 m/s
* Resultant plume profile: lateral dispersion of about 50°over the arc in the east

* Good correlation: plume can be modelled

Col Gaussia files: complicat xample
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* Wind speed: ~ 10 m/s
* Gaussian computation reasonably successful for both ground and DOAS data
* However, plume width very different: upper plume (DOAS) more dispersed

* Lower plume at ground-level inhibited due elevated land between measuring stahons

(topographic barrier)
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We are very grateful to the support of CEReS for this project,

and our co-workers for the collaborations on its sub-projects..
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uted Gaussian profiles: k wind exampl
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»Wind speed: ~ 5 m/s
* Wide plume dispersion over eastern part of the island

* A Gaussian curve fits poorly to the DOAS data as the plume shape
was very skewed (0.81) due to the low wind speed. R

Miyakejima SOz dispersion: conclusions

Large data series — 14 different locations at 5 min/1 hour
time resolution for last 4 years

Correlation of ‘high concentration events’ with upper wind
data — short and long-term trends

We can extract plume profiles from east and south-west
locations to provide information about plume direction
and plume width around the coast-line of Miyakejima

— Long time series (unique)

— Plume dispersion highly specific

Data comparable to DOAS profiles

— Correlation between upper plume and ground-level dispersion
Incorporated into detailed dispersal studies

— Visual observations, simulation results (modelling etc.)

UV camera images could also be linked to dispersion
studies .
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Development for the method of climate analysis map based on the case of Nagano City
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Djedi Widarto(LIPI, Indonesia), and Sarmoko Sarso (LAPAN, Indoenesia)
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GPS and SAR offset displacements from Sumatra-Andaman Earthquake Mw 9.2
on December 26, 2004

Ashar Muda Lubis and Nobuhiro Isezaki
Geophysics Laboratory Faculty of Science Chiba University, Chiba, Japan
Tel: +81-43-290-2854, Fax: +81-43-290-2859
E-mail: asharml@graduate.chiba-u.jp

Abstract— The Sumatra-Andaman eathquake, the epiceter about 163 km western part of
Sumatra island, occured on Decemeber 26, 2004 at 7:58 a.m. local time. The magnitude of the
earthquake was 9.1 on the moment magnitude scale and became one of the largest magnitude
of the earthquake in world. We use the benefit tools of Amplitude Maching Pixeal of
Synthetic Aperture Radar (SAR) data to make a rough estimation of crustal displacement
associated with this earthquake. Fours of C- band synthetic aperture radar (SAR) images
acquired by ERS-2 synthetic aperture radar instrument are analysed. We processed raw SAR
data to produce SLC (Single Look Complex) and to obtain offset displacement. We also
processed daily GPS observation data to estimate the coordinate of GPS sites in ITRF2000.
The results of offset SAR displacement show that maximum displacement in northren part
Sumatra Island is 4-6 meters. We found in SAMP station, located 330 km from epicenter,
which coseismic step is 144 cm from east to west direction. In north site such us in BNKK,
PHKT, CPNI1, ARAU, IPOH, BEHR and KUAL coseismic displacement detected well by
this method, and almost these site moves to epicental direction. Generally our result agrees

well with long span GPS observation.

Key words: Sumatra, offset, SAR, displacement
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1. Introduction

The Sumatra-Andaman earthquake, a devastating earthquake, occurred in Indian
ocean at western of Sumatra Island on 07:58:53 LT December 26, 2004 which has magnitude
originally recorded as Mw 9.2, lately upgraded to 9.3 (Stein and Okal, 2005). The
hypocentre of the main earthquake was at 3°19'N 95°51.24'E, approximately 160 km west of
Sumatra, at a depth of 30 km below mean sea level (see Figure 1). Unfortunattely the
earthquake was followed by tsunami. It was repoted that the tsunami made landfall within
10-15 minutes, run-up heights1 of over 30 m in Banda Aceh (Guy, 2005). Run-up heights
of more than 10 m were also documented in Thailand (12.14 m) and Sri Lanka (11 m).
Documented fatalities eventually exceeded 283,000 with the heaviest losses concentrated
along the west coast of Sumatra, but more than 40,000 were also accounted for on distant

shores around the Indian Ocean. More than 1 million people were displaced (USGS, 2007).
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Figure 1. History earthquake in Sumatra-Andaman region, Green star is the epicenter

0f 2004 and 2005 event

Many Scientifics have been analyzing the size of the earthquake, slip, duration, speed,
and spatial rupture extent and tsunami generation. Such as Tobita et al., (2005) measured
displacement generated by the earthquake using Synthetic Aperture Radar (SAR) images, but
this method measures just vertical displacement and cannot yield quantitative value of
displacement. In this paper we try to calculate horizontal displacement associated with the
erathquake using amplitude offset SAR Analyzes (SAR matching imagé) (Tobita et al,. 2001;
Pathier et al., 2006), and map vector dispalacement around the epicenter of the earthquake.
We processed also GPS data to recognize the spatial crustal displacement due to
Sumatra-Andaman earthquake.

2. Data dan method
2.1 SAR data
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In order to estimate crustal displacement related to the Sumatra-Andaman earthquake,
we use radar imagery data (see Table 1) collected by the C-band (5.2 GHz) SAR instruments
aboard the ERS-2 satellite. The SAR data which are acquired on 2002 and 2005 covers area
around north of Sumatra Island (Figure 2). The raw signal data are processed using a
commercial software GAMMA SAR processor whose output consists of a signal that is a
measure of the complex backscatter of a patch on the ground delayed by the travel time of the
signal from sensor to target and back.

Table 1. SAR data used for monitoring crustal displacement in in the north of Sumatra

Islands.
Location Master Slave Perpendicular Baseline (m)  Period (days)
Loaction 1  2002/11/12  2005/01/25 57 1109
Location2 2002/11/28 2005/01/06 310 1074

SAR Location

B
s
{mm\:xv -
$ ,

430 s
Image location 2.

94" 30" 96" 00

Figure 2. SAR images location in the north of Sumatra islands

The displacement field can be measured via incoherent or coherent cross-correlation
of .small image chips. This method has the advantages that it does not require phase
unwrapping. In cases where there is some degree of interferometric coherence between data
acquisitions, the single-look complex (SLC) image speckles themselves give features that can
be accurately tracked. This method is complimentary to the phase-based approach since it
works well with the large displacements. Furthermore, image cross-correlation measurements
yield the two-dimensional displacement field while measurements of the phase yield
deformation only along the line-of-sight. Accuracy of the cross-correlation method is

dependent on the scene content, and image chip size.This method has been successfully
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applied by Michel et al,. (1999a and 199b); Tobita et al,. (2001) and Pathier et al., (2006).
Basic Idea of measuring pixel offset from two SAR images is illustrated in Figure 3. In this
method, using two SAR images, only use amplitude SAR image from SLC image (not phase,
not interferometry), we try to find better window size of cross-correlation between master and
slave image to improve SNR.

Masterimage Slave Image

ABCD| ABCD
EFGH| |[EFGH
JKLM | | JRLM
NOPQ| I NOPQ

Ima gv'?} atching

ABCD
EFGH
JKLM

NOPQ

Displacemen

Figure 3. Schematic of basic idea measuring offset displacement from SAR image. The
residual offset in K letter means ground displacement related to the earthquake.

In general this method is very easy, but distortion due to topography on the radar
images must be intensive in research area, therefore slave SLC must be precisely transformed
to a master SLC geometry. Otherwise, the influence due to the difference of the observation
geometry including terrain height difference must be quite big, and the "offset" that I want to
know will be very small, which may be less than 1/10 of the offset due to observation
geometry difference between a slave and a master, so the new slave image which is registered
to master image should be generated then the geometry both master and slave registered
almost same. The procedures to product the new slave image can be seen in Figure 4. In this
procedure the Digital Elevation Model (DEM) data are needed. I mosaic the SRTM with

resolution 90 m to produce terrain height data.

DEM, dem _par
(UTM, EQA, or SCH coord.)

+osu preprocessing

DEM segment, dem _par
{user defined resolution)

DEM products:

initial geocoding
lookup table &
simulated SAR
intensity image

« local incidence angle
« true pixel size
« layover & shadow map

v

MAP coordinates:
s DEM
» DEM Products
s Landuse inventory
* GIS Layers

SAR coordinates:
s Intensity, Coherence
+ Derived products
+ InSAR products
» Differential products

SAR to MAP
lookup table

» transformed products s transformed products
from MAP coordinates from SAR coordinates

Figure 4. The procedure for generating new slave image registered to master image.
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Since the new slave image is obtained the calculation for measuring offset
displacement can be done as follow:

The first method to estimate the range and azimuth registration offsets filed of two
SAR images is the intensity tracking, known as cross correlation optimization procedure
(Helmut et al., 1998; Gary and Mattar, 2000). The offsets are generated with a normalized
cross correlation of image patches of detected real-value SAR intensity image. The success of
this method for the local image offset depends on the presence of nearly identical feature in
two SAR image at the scale of the employed patches. When coherence is retained, the speckle
pattern of the two images is correlated, and intensity tracking with small image patches can be
performed to remarkable accuracy. Incoherent intensity tracking is also feasible but requires
large images patches. In order to increase the estimation accuracy, oversampling rates are
applied to image patches, and a two-dimensional (2-D) regression fit to model the correlation
function around the peak is deteminated with a four-point interpolation. The location of the
peak of the 2-D cross-correlation function yields the image offset. Confidence in the offset
estimate is measured by comparing the height of the correlation peak relative to the average
level of the correlation function to supply a correlation signal-to-noise ratio (SNR). Coarse
information on slant-range and azimuth offsets is used to guide the search of the
cross-correlation maximum. For the present study with ERS-2 data, I systematically used
patch size 128 x 128 single look pixels.

The second, coherence tracking, a method of measuring the offset between SAR
images complementary to the intensity tracking is the coherence tracking, also known as the
fringe visibility algorithm or coherence optimization procedure Derauw, (1999). Throughout
the SLC SAR images, small data patches are selected; a series of small interferogram with
changing offset is constructed; and coherence is estimated. The location of the coherence
maximum is determinated by subpixel accuracy by oversampling the single-look complex
SAR image patches with zero padding and by using 2-D regression function to model the
coherence peak with four-point interpolator. The magnitude of the coherence maximum
relative to the average level is used as a quality factor to help reject unsuitable patches. Coarse
information on the slant-range and azimuth offsets is used to guide the search for coherence
maximum.

2.2 GPS data

In order to measure coseismic deformations associated with the megahurt Sumatra
earthquake on December 26, 2004, we analyze continuous GPS data in and around Indonesia.
We use 2 IGS stations both NTUS site which located in Singapore, Sunda shelf, epicentral
distance ~905km and BAKO site located at Cibinong, western Java Sunda shelf, epicentral
distance 1636 km. The closest one continuous station in our investigation is SAMP at Sampali
Medan with distance 328 km from epicenter. We include GPS data from Phuket (PHKT),
Chulalongkorn University (CPN1) and Bangkok (BNKK). GPS data at ARAU, BEHR, [POH

and KUAL sites from Malaysia Peninsula also were included in our analysis.
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3. Discussion and conclusion

The result of offset horizontal displacements from in location 1 is shown in Figure 5.
The maximum displacement is about 3-4 meters and the amplitude of offset displacements
decreases gradually with increasing distance from epicenter. In northern part of SAR image
on location 1 shows us that displacement less than error of offset measurement. For validation,
We compare this result with displacement obtained from long span GPS observation
(Subarya et al., 2006) GPS displacements (see Figure 6) were obtained from measurements
collected one month or more after the earthquake, compared to measurements collected
during various surveys between 1991 and 2001. They obtained that the maximum horizontal

GPS displacement in location SAR image 1 is 3.63 - 3.71 meters.

O 300 SO0 900 1200 1500 1800 2100 2400 2700 3000 3300 3600

Figure 5. Horizontal displacement in the north of Sumatra islands (SAR image location 1)
associated with megahurst Sumatra-Andaman earthquake December 26, 2004

The maximum offset displacement from pair SAR image location 2 is 5-6 meters
(Figure 7). The average of offsets horizontal displacement is about 3 meter. Unfortunately
there is no GPS data available in this research area. The closest GPS observation to SAR
image in location 2 shows that horizontal displacement is about 3.20 meter (Subarya et al.,
2006). In the southern part of SAR image location (Simalue Island) which is very close to
epicenter of the earthquake, the displacement from GPS observation reaches to 5.8 meter. In
general the horizontal displacements derived from SAR Amplitude offset both in SAR image
location 1 and location 2 are good agreement with GPS observed by Subarya et al., (2006)
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Figure 6. Crustal displacement related to Sumatra-Andaman observed by long term GPS
observation, SAR observation and smodeling adopted from Ashar et.al in preparation, GPS
data from Subarya, et al., (2006)
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Figure 7. Horizontal displacement in the north of Sumatra islands (SAR image location 2)
associated with megahurst Sumatra-Andaman earthquake December 26, 2004

The GPS observation shows the change in W-E component, N-S component and
Up-down component. We found that coseismic step of about 144 mm in the E-W component
of SAMP in Sumatra on December 26, 2004 (Figure 8). Coseismic step of 10 mm is also can
be seen in the S-N component.
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Figure 8. Figure 2. Temporal variations in coordinates of SAMP in Sumatra

Coseismic step is recognized in the E-W component of PHKT in Phuket on
December 26 around 249 mm, -106 mm in N-S component (Figure 2). We also found that in
ARAU site, located Malaysia peninsula moved coseismically by 144 mm the west and by 35
mm to the south (Figure.3). The site CPN1, BERH, IPOH and KUAL was moved
significantly by the earthquake. Although we can see a difference in both the E-W and N-S
component of SAMP, PHKT, ARAU, LNNG, CPNI1, BERH, IPOH and KUAL around the
south of Tahiland, Malaysia and Sumatra Island, before and after the main shock, we still
need data for the much longer period in enhance our calculation and to investigate whether the
foreshock occurred or not. The GPS data aftershock also needed in order to estimate
postseismic extension and direction due to after main shock many big earthquake occurred
such us Mw 8.9 Nias Earthquake on March 28, 2005.

Figure 9. Coseismic horizontal displacements obtained as the difference between averages
during two periods of 355 day and 366 day of 2004. Red star mark is epicentere of
Sumatra-Andaman earthquake 2004

We simply calculate averages of horizontal coordinates of these stations before and
the after the main shock and obtain coseismic displacement by.taking differences of them
(Figure 9). BNKK is the farthest station that observed coseismic deformation since the
epicentral distance is over 900 km. On the other hand, SAMP is located about 330 km east of
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the epicenter. We think that the observed displacement of 144 mm (W-E displacement) is
accurate compare to Catherine. J.K et al., (2005), who observed GPS far-filed station and
used KIT3 site in Uzbekistan, about 4000 km from epicenter, as reference station. They

estimated that coseismic displacement in SAMP is 140 mm and 136 mm from their model.

We conclude that the Amplitude Offset Analyzes (SAR matching image) can asses
crustal displacement assciated with Sumatra-Andaman earthquake. This method two offsets
amplitude image of master and slave image were succefully correlated with signal noise ratio
(SNR) more than 15. Generally we obtained that the maximum displacement in horizontal
direction derived from this method is 4-6 m and this results are good agrement {zvith
displacement which obtained from long span GPS measurement (Subarya et al., 2006). We
used continuous GPS data to examine the co-seismic displacement associated with great
earthquake Mw = 9.2 in December 2004 in Sumatra-Andaman. We found that the
displacement on northern site GPS movement to epicentral direction and the amplitude
decreases with increasing epicentral distance. International Remote Sensing and Earth
Sciences Symposium, Bali, March 17th, 2007

In order to improve our results, adding number GPS station is need especially in GPS
located Banda Aceh region where in this area victims many people due to earthquake and
tsunami generation, and for validity our result, the future working, building inversion model

in order to estimate coseimic, postseismic slip extent and distribution should be addressed.
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Development of a new ship-board sky-radiometer
POM-01 MK III

Sun-positioning
CCD->PSD &=

Posture control device
Pulse-motor -> DC servo System control CPU

Single -> Multiple

]

Posture detection
Clinometer -> 3D-compass

The first priority for improvement is given to the perfect king in order for AOTs
from on-board direct solar irradiance measurements against large rolling/pitching conditions.

Result from the sun-tracking experiment for POM-01 MK III

S RuIAMEDY POM-01 Mk il Sun-tracking Experiment
E EAES Prede Co. Bldg Tokyo, 2008/06/10
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Output signal voltage from the direct solar irradiance measurement is not affected by swinging
the instrument for the conditions of 10-sec cycle waves with 3 and 5-degree amplitudes
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Experiment for rolling/pitching with 5-degree amplitude and 10-sec cycle simulating the actual
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* In Myanmar, lack of modern exploration techniques
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Introduction

Myanmar is located in the tectonic setting and

metalogenic belt and has high potentials for gold and

copper deposits.

and still several unexplored outcropping gold
deposits.

Purpose: To clarify potential of Mineralization zones

in the Central Volcanic Arc Belt of Myanmar by RS
and GIS.

2009/2/23 3

* Introduction

¢ Outline of Geology and ore deposits in
Myanmar

Central Volcanic Arc Belt and
Mineralization of Myanmar

* Remote Sensing and GIS Application

2009/2/23 2
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Outline of Geology and Ore Deposits in Myanmar
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RS and GIS Application

silica

ot

T __Iron
hydroxide

Data Processing
&
Analysis of Spectrum

Clay and Alunite: SWIR

Silica Content:  TIR

We can not detect directly gold, copper in remote sensing. But we

can detect indirectly from alteration mineral and indicator element
2008/2/23 Mineral Potential Mapping Z minerals. 7

ectors: axes which maximize the
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alues: quantify amount of variation
nted for by that eigenvector
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Lineament Density Analysis (Greenbaum, 1985)
b B L « Lineament length density
s = = Sum of lineaments length within circle / Area of circle

< - =(@atbbiccrddree)/ ar
¢ « Counts
3, :v % = Number of lineament within circle / Area of circle
1 . =35/xc
b ¢+ Cross-points density
B = sase= Dumbenofiineament cross-points within circle / Area of circle
h z
WUSE  ISTVE wn 5
N bl S, &
iz g o
g Hodauus oL uue SuOW any
& in particular areas.
g ath of the arca is more than 150
z s = ‘
& system = 5 km x 5 km.
: Fradius increases = frequency of
sl & wsve increases. o
) WASE ”‘ﬁ ISE IS’IO!" 'c‘;m

iing the buffered object - a point, line
/gon

N/

+  Creates a new area (polygon)
n Arcmdising j&oximity > Buffer
point, line or polygon.

4 vofs [ p B O O

Central Volcanic Arc Belt and Study Area

CENTRAL VOLCANIC ARC AND STUDY AREA BLOCK.

tysnmar Contral Velcasie Zone sud Mineral Occurrences of Study Ares

4

1!’ Prospect
Area

if

'Well-known
\ Cu-Au
3 \ deposits
3 Area

!
|
\

* Copper mineralization
is closely associated to
Tertiary volcanism,
biotite and hornblende-
biotite porphyry.

* Consider the rhyolite,
dacite, andesite, diorite
and granite rocks.

* Volcanic lithological
units were digitized into
a segment map
polygonized.

e g vk s W B 14

WR25%425%425%+25%

Mineral
* Occurrence |

Prediction Map
- MO
Geology 1o s A
Lithology | | __ERR
+ [ Eree
Alteration : : : o
Density } M 23-26
L 228
! 15-2
Lineament low
. f 075-15
Density
10! @® Cu
@ Cu-Au

Mineral Favourable Analysic nf Kawdin-Wiinthn Area




Weighted Overlay Analysis of Kawlin-Wuntho Area Weighted Overlay Analysis of Kawlin-Wuntho Area

gend
10%-35%-20%-35%

Legend

Prediction Map

TSN ON JPISH WIN MWMEN 29

2009/2/23 20

» Overlay analysis is suitable for preliminary
mineral exploration.

* The accuracy of these results depends on

image interpretation and percent influence m m

weight determination.

e So, a combination of RS and GIS is useful for
produce the regional-scale preliminary
mineral potential maps of Myanmar.
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GHS-S and GOES-10 composile image (10.8 um)
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@ Calculation on FFT IP Core

© Pipelined Streaming /0
RAM ] RAM | 4 N

@ Why-FPGA?-

; ; : .' Inp Radlx—2 Ra d.x—z Parallel calculation
Requm?ment for calculation on microsatellite onboard —;l Bt H e l»
SAR:.hlgh—speed FFT for Ial'*ge ar.nount of data. Bieheshond
Massively parallel computation with FPGA. RAM RAM
3 : Radix-2 Radix—2 High resource usage
Calculation on DSP Calculation on FPGA Butterfly Butterfly | ourput  \_ 2
© Radix—4 Burst 1/0
REG Input [@j
%0 RAM 0T 4 B
L Serial calculation
LOOP —@ Radix—4
@—-»—b Dragonfly|
Low speed
¥ RAM 3f““*’
many clock cycles few clock cycles = I'; —|
fast calculation Low resource usage
& Resource usage vs. speed of calculation L1} output \ 4
Resource (= )
-+ Trade off
Mo:ie 4 between resource and speed SR ;
. \ /| @ Pipeline vs. Radix—4
Mode 3 e ) el o7
High—speed calculation <- R ---P'plme Ra'X4 = (Marked difference )
® Mode 2 High resource usage SEishon 5429 2,08 in resource usage
° LUT 5,235 2,148 Pipelined
Mode 1 Limited amount of resource 1/0 90 90 S 10
\_ on FPGA ) RAM 47 54 many registers,
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& Variation with number of channels

&< R B

ST T
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