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Arctic tundra in Siberia
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Twenty-year global 4-minute AVHRR NDVI dataset
(provided by CEReS)
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composite 8 km NDVI data PAL 10-
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availability, average temperature, and cloudiness. Each data point represents 3
values of the membership functions based on annual mean temperature, water
balance coefficient, and percentage of sunshine hours per year in one 0.5 x 0.5
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Shortwave Infrared Water Stress Index By Fensholt (2003)
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if Mod_lulc=12 then
begin { Crop land 12 }

if ((NDWIZ_XYave[[i_SPOT] > NDWI_WaterLowLinit) { for South Chira }
and (Water_Con1 > NIVIL Xave[i_SPOT] )
and ( NDVI2_XYave[i_SPOT]> NDVIL XYave[i_SPOT] ) )

or ( (NOWI2_XYave[i_SPOT] > NOWI_WaterLowLimit)
and ( Water_Con2 > NOVI2_XYave[i_SPOTT)
and  ( NDVI3_XYave[i_SPOT]> NOVI2_XYave[i_SPOT] ) )

or ( (NDWI3 XYave[i_SPOT] > NOWI_VaterLowLinit)
and ( Water_Con3 > NOVI3_XYave[i_SPOT])
and  ( NDVI4_XYave[i_SPOT]> NDVI3 XYave[i_SPOT] ) )

{ for Norh China paddy }

or ( (NDW14_XYave[i_SPOT] > NDWI_VaterLowLinit)

Distribution of LSWI in Asian countries using v Senpieiiteunye i N
SPOT VEGETATION data. then  { Water and growth definition }
begin

{ Second Paddy definition }
1OFE1-212 f nadeu L

Solar Radiation

‘ Geostationary Meteorological Satellite Himawari GMS Himawari North Hemisphere

January 2000 August 2000

January

August
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Provincial grain production in China

Production ( Million ton)

Production (Million ton)
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Research Institute, Inc.
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The relationship of climate environment between western tropical Pacific and
East Asia

020-0198
TEL 019-643-3408 FAX 019-641-9296
kanno@affrc.go.jp

Prima Oky Dicky A.

020-0193

152-52

TEL 019-694-2534 FAX 019-694-2595
prima@soft.iwate-pu.ac.jp
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Kanno, H., 2004, Five-year Cycle of North-South Pressure Difference as
an Index of Summer Weather in Northern Japan from 1982 Onwards. Journal
of the Meteorological Society of Japan, 82(2), 711-724.




Study of Coral Reef Distribution in Bali island using Satellite data

Takahiro Osawa*, | Ketur Suwardika*
*Center for Remote Sensing and Oceanography (CReSOS)
Udayana University

1. Background 6. Results

«Sea Alga are important from view point of fishery resource and

° Table.l Statistics Value on Each Spectral Class on the RGB Landsat Mapping Channel.
environmental management.

. - . . . Channel 1 Channel 2 Channel 3
*Mapping of sea alga are utilized for estimation of environmental No | Spectral Class
index in coastal area. Mean Std Mean Std Mean Std
«Optical property is consist from both land (reflection from solid 1 | CoralReeves | 43 174 53 16.6 365 14.9
ocean bottom) and ocean (attenuation by seawater). 2 Sands 55 246 69.5 284 93.9 3538
e . . 3 Algae 26.4 9.3 418 8.9 354 8.8
«Classification is depends on optical properties of sea water above the
Alga. 4 | Wave Particles | 139.6 70.4 129 66.4 129.9 66.8
5-
2. PROBLEM FORMULA
» How Alga Habitat and Benthic associate with Coral Reef Can e
Be Mapping By Remote Sensing. -
What is The Kind of Maps Distribution and ecological fl i
Condition Of Alga In Bali Island at Year 2003. £
=
o
3. AIM AND OBJECTIVES =
1. To know Alga Habitat And Benthic associate with Coral Reef
Can Be Mapping by Remote Sensing.
2. To understand and Provision the method Of Alga Condition. |
3. To create Map Distribution and Ecological Alga Condition o 2 I = E i e

Tph_stng_gan

Around Bali in 2003.
Figure.1 Spectral Object Structure in Channel 1 and Channel 2 Spectral Rooms

4. FRAME WORK OF RESEARCH

Table.2 Relationship among the spectral classes and the associated community

o Researc Avess Researched Objecs Arount o ol % e
[ canoms WaveParils Tom2 05 swz
sants s 017 w0
Cora Rest ) 00t A
g ) 000 251
e Wave Pl A 221 5
sanas o 0s3 1088
Cora Rest s 0ss w1
g B os 5
S [Nosa Pnia Wave Pl T s Tt
sanas 175 028 1
Cora Rest 75 017 o
g s 012 s
G n Wave Pl Ere) 1 oo
sanas s o1t 01
Cora Rest o 0 wt
g w oot 3
r?r_:-' - |
. T |
| 1
5. LOCATION AND TIME RESEARCH | . o |
i i i i B i ;
The location where this research was done was in the ocean of Bali that was el ] |
included on the mapping of Landsat-7 ETM Path/Row : 116/066. These areas
include seas surrounding areas of Canggu, Benoa, Lebih Beach, Serangan, = 2 )]

Figure 2. The Algae Habitant Map in Nusa Penida Sea, Klungkung State,
by Landsat Mapping in May 2003 Figure3. Algae Inhabitant Mapping Area in Lebih Water, Gianyar State, by Landsat Mapping,
y 2003

; J =i
e e :-'v-uil-n o . s 3 i :_:::..,....
el iy o T |
ies were cullectgﬁ ivi

Scope Reseat: _over satelllte image ﬂta'ptémibn @f LA IS&T .
for the purpese: ing Alg; dlstnbt}uon Jin ﬁal lsland 7. Conclusion . . . . . .
continued with mappir‘l st |but|on in Balill$ %m-n 1. The L_andsa_t Satellite mapping acting as the source of data in mapping the expansion of
algae in Bali shows the level of accuracy as big as 78.94% without using the water column
correction and 89.47% with using the water column correction. That accuracy is present
above the limit of the standard level, 75%.

2. The result show the differentiate 4 classes of object visibility and the associated community
on algae ecosystem. The four classes are coral reef, sand, wave particles, and algae.

i :.:... ;- ..:" 3. The algae expansion using the supervised classification give algae expansion community
& ey Lo area in east Bali is 3228.3 ha (1437 pixels).
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Mixture Model ( Gradient Method)

RA )=ax WA )+bx V(A ) cx SQA) 1
100=a+b+c

RA )=ax WA ) + (100 a)x Oth(A ) 2
a=RA)/WRA) (100 ax Othh) WQA) 3
[WQA 1) WQ 2)| >> |Oth(A 1) Oth(A 2) |

|Oth(A 1) OthA 2)| / |[WQA 1) WA 2)| 0 4
a |RAL) RA2|/NWAIL WA 2), 5
|Oth(A 1) o x Oth(A 2) |/|WA 1) o x WQA 2)| 6
D(a ) =

T (Oth(A 1) o x OthA 2)[/|WA 1) o x WQ 2) )2 (7)

o WI MOD35

White Index W1

| EHEBB)-15<H|

Al A2 a D)
B3 |B4-Bl1| 22 107 (-7.8)
B3+B4+B1  B7 15 26 (4.5)
B3+B4+B1  B6 13 82 (8.6)
4.5%
MOD35 wi
WI=(R(B1) R(B3) R(B4) 15x R(B7)) 210x 100 8 wi

Tokyo University of Information Sciences
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. _Forest in East-Yoshino village.
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Parameters of BRDF model

a5
el Jap ritnan cadsy —— ,-':m: EHRELE
e 04 fm: AT AL R U T D B
™ ad o PRI MEL R G S AL
01 =] 3
Yr e 7o v sd At STTUHA, AATUHE)

Wavelongth fump R, S, 2k

DTG0 e —
b tan dir A

L S a il
saf w74 70 7R3 BS5 SR TR FI0 TES  HES
irvelenyth fung Waeclengtl frw)

Estimation of the BRDF
effects to annual global NPP

Land cover class. (From: Tsujimoto 207)

BRDF type | Land cover class
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Bi-directional Reflectance Distribution Function
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Retrieval of aerosol optical thickness over Okhotsk area
from satellite imagery AOT
) ) ) o AOT
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rough grouped image. Blue indicate the group 1 (water, ice and snow), Green shows the gp. 2
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mospherically corrected image

classified image
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2006/9/26 without rough grouping algorithm and with only ASER library.

atmospherically corrected image classified image

AOT-map from MODIS ch. 3
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2006/8/26 without rough grouping algorithm and with only ASER library.

2007/8/19 with rough grouping algorithm and mixed spectrum albedo.
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nsemble Kalman Filter (EnKF)
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TEMPORAL AND SPATIAL VARIATION OF CLOUD
MEASURED WITH A PORTABLE AUTOMATED LIDAR

TATSUO SHIINA,
Graduate School of Advanced Integration Science, Chiba University
1-33 Yayoi-cho, Inage-ku, Chiba-shi, 263-8522, JAPAN

NOBUO TAKEUCHI, NAOHIRO MANAGO, HIROAKI KUZE,
Center for Environmental Remote Sensing, Chiba University
1-33 Yayoi-cho, Inage-ku, Chiba-shi, 263-8522, JAPAN

SUEKAZU NAITO
Chiba Prefecture Environmental Research Center
1-8-8 Iwasakinishi, Ichikawa-shi, 290-0046, JAPAN

A portable automated lidar (PAL) system, which conducts full-time operation and all-weather observation through the window, has been
developed. Observations of long-term temporal and spatial dynamics of the atmosphere are described and the advantage of full-time operation is
discussed.

1. Introduction

Atmospheric convection has an effect on cloud formation, and it leads to heavy rain or lighting strike. It also affects diffusion
of suspended substances. Changes in the atmospheric convection due to the climate change may influence the large and local-
scale transformation of particles such as the yellow sand. In this context, it is essential to understand the temporal and spatial
dynamics of the atmosphere, which cannot be monitored with conventional, fixed-point observation systems or
meteorological satellites.

Lidar is an appropriate tool for monitoring time and spatial dynamics of the atmosphere, especially aerosols and
clouds. Although various kinds of lidar systems have so far been developed, observations are limited in terms of time spans.
Besides, observation directions are usually fixed both horizontally and vertically. These limitations are originated from the
system stability as well as the complication of system maintenance including the laser device.

A micro pulse lidar (MPL), developed by Spinhirne in 1993, is a compact lidar system that provides easy operation and
long-term observation [1]. Using a laser-diode pumped laser of micro joule output energy, MPL ensures the eye-safety
features. Signal-to-noise ratio was improved by narrowing the receiver field-of-view (FOV). However, this makes it difficult
to adjust the laser beam within the receiver’s FOV. Since the same telescope is used to both transmit and receive the laser
beam, a small amount of the emitted beam back-reflected from the beam splitter often damages the detector.

In this paper, we describe a portable automated lidar (PAL) system, which we have developed to conduct full-time
operation and all-weather observation through the laboratory window [2]-[4]. The PAL system has an automated correction
mechanism for misalignment of the overlap between the transmitted laser beam and the receiver FOV. Hence the system is
able to operate in a stable and stand-alone way. In addition, we have recently installed the scanning mechanism by attaching
a horizontal stage to the PAL system. This improvement contributes greatly to monitoring the two-dimensional structure of
the atmosphere nearly instantaneously.

2. PAL system
The PAL system is a variation of micro-pulse lidar (MPL) system. The system configuration is shown in Fig. 1 and its
specifications are summarized in Table 1. Since the transmitted energy is 15 pJ, the system is nearly eye-safe at the expense
of weak signals (lidar echo). To attain enough signal-to-noise ratio, the background light due to sky radiance must be
eliminated with a narrow-bandwidth filter (0.5 nm) and a narrow FOV of 0.2 mrad. At the same time it is essential to keep
the good overlap between the laser beam and the telescope FOV. Misalignment of the overlap, however, sometimes occurs
from changes in the ambient temperature and accidental disturbances. The system has the auto alignment mechanism, in
which the laser beam is scanned vertically and then horizontally within the receiver’s FOV and the maximum in the return
signal (a certain range near the peak of the A-scope) is sought every 15 min.

The detector is a photo-multiplier operated in the photon counting mode (Hamamatsu photonics K.K. R1924P). The
lidar echoes are accumulated by a scaler (Stanford Research Systems SR430). The spatial resolution is 24 m and the
maximum observation range is 24 km (altitude 15km). The observation is made though the vertical window of the laboratory,



leading to the capability of measurement under all weather conditions. The observation data have been accumulated since the
year 2004. The system status can be checked and the data can be downloaded though the Internet.

A built-in rotation stage for horizontal scanning has recently been installed. As the PAL system is fabricated as a
monolithic structure including a laser head and a detector, the rotation stage was “inserted” under all the optical systems. The
scanning observation of a range of +25 degrees is conducted every hour, interrupting the continuous measurement for about
6 min. The PAL system is operated in Chiba Prefecture Environmental Research Center, with its beam pointed northward at
the elevation angle of 38 deg. The center is located on the east of Tokyo bay, about 10 km south of Chiba University. There is

an industrial area and a busy load on the seaside (west of the center).
Auto Alignment
Mechanism “I\>

: N
Mirror Controller Lase
Telescope
Laser Driver <38 deg.
Scaler
Horizontal Scanning

Rotation stage Mechanism

Controller I ‘? Window

Rotation Stage

Fig.1 System configuration of portable automated lidar.

Table.1 Specification of PAL

Laser LD pumped Nd:YAG Laser

Pulse Power 15 pJ

Wavelength 532 nm

Detector Photo-multiplier
(photon counting mode)
Telescope Schmidt-Cassegrain

Aperture 20 cm diameter
Field of View 0.2 mrad

Scaler Resolution 24 m

Range 24 km

Averaging 10 or 20 s

3. PAL Observation

The main advantage of the continuous and long-term observation is capturing the local weather change that takes place in a
time scale of several hours. Especially, the system can monitor the onset and recovery of bad weather conditions and changes
in polluted airs. These features are largely dependent on the site locations and conditions (urban/rural/mountains/waters).
Two examples of characteristic results from the viewpoint of long-term cloud observation are shown in the following.



Figure 2 is the result observed during 0-12 h local time on October 7, 2006. The
weather map of Fig. 2(a) [5] shows that the low pressure has moved northward passing along
the east coat of Japan, involving stationary and cold fronts. The PAL data in Fig. 2(b) also
show that the long-lasting rain from the day before stopped and the cloud gradually gained
altitude. The PAL data shown here are all corrected by the squared distance. Relatively large
echo appeared under the cloud till 7:00 (local time) in the morning. On that day, temperature
and humidity largely changed at 7:00 (local time). Wind direction was northwest, and its
speed was 8 m/s. The 10-h cloud elevation indicates the passage of highly developed low o /| i
pressure. Figure 3 is the result observed during 0-12 on September 18, 2006. It was a windy [/ (¥ —=ie=—f"7g0m
day. Low clouds of less than 1km altitude appeared during 0-5 h. They raised the altitude up ~ Fi9:2(a) Weather map over Japan
to 2 km during 5-8 h. The lidar echo from these clouds was sparse and largely fluctuating in on October 7, 2006.
altitude. Sharp downturn of the cloud altitudes during 8-10 h was due to the rainfall.

w

Altitude [km]
=
o

Timee[hour]
Fig.2(b) 12-hour cloud long-term observation result : October 7, 2006. Temp. 21 deg, Hum. 35%.
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Altitude [km]
=
(5]

6
Time [hour]
Fig.3 12-hour cloud long-term observation result: September 18, 2006. Temp. 24 deg, Hum. 82%.

Examples of long-term temporal motion of the atmosphere are shown in Fig.4. Figure 4(a) is the result observed
during 0-12 h local time on September 21, 2006. The atmospheric boundary layer and cloud were captured at the altitude of 2
km and 4 km, respectively. The structure was stable and showed little change till 9:00, while the relatively large echo
appeared and raised its altitude from the ground during 9-12 h. In accordance with the change, cloud appeared at the altitude
of 1.5-2 km. This condition continued till 16:00. Figure 4(b) is the result observed during 0-12 h on December 23, 2006. The
cloud appeared at the altitude of 6 km and lowered its altitude gradually from 0 to 6 h. Another cloud appeared on the
boundary layer at the altitude of 1.5km starting from 6:00. The boundary layer reduced the altitude down to 0.3-0.5 km.
Furthermore during 8-10 h, another cloud appeared on the lowered boundary layer. Obviously those results demonstrate the
benefit of long-term observation. The change in temperature, wind, and the local-climatological influence of the site location
will also be reflected in the observation data.
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(a) September 21, 2006. Temp. 24.7deg, Hum. 59%
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(b) December 23, 2006. Temp. 11.9deg, Hum. 57%
Fig. 4 12-hour atmosphere long-term observation results.
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The result of temporal and horizontal-scanning observations on July 2, 2007 is shown in Fig. 5. On the day, the
cloudy weather from the preceding day gradually worsened and is started to rain in the evening. Time-height indication result
of Fig. 5(a) shows that cloud moved slowly in the altitude range of 1-1.5 km during 0-8 h. The cloud altitude lowered in 8-12
h, while another thin echo appeared under the cloud layer. It rained in 15-19h (Chiba city).
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(a) 24-hour long-term observation result
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(b) 24-hour horizontal scanning observation result
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Fig. 5 24-hour long-term and horizontal scanning observation result : July 2, 2007.



Temperature/humidity variation shown in Fig. 5(c) and pressure/ wind speed variation in Fig. 5(d) also indicate the same
change in the atmosphere activity, particularly the change of humidity in 0-12 h and 15-19 h, and the change of
pressure/wind speed in 15-19 h. The spatial distributions of the lidar echo obtained by the horizontal scanning are shown in
Fig. 5(b). Although the scanning data are also corrected for the squared distance, it is not corrected for the elevation angle.
Thus, the graphs are plotted in the beam propagation distance. The basic features of cloud echoes agree well with the
temporal variation in Fig.5(a), while the spatial structures of cloud are clearly detected in 9-12 h and 12-15 h by virtue of the
horizontal scanning for the first time. The advantage of the horizontal scanning in understanding the local atmosphere will
be fully exploited by deducing 3-dementional spatial information. In Fig. 5(a), the horizontal scanning time periods of 6 min
are shown with blanks. Alternatively, the scanning data can also be used as part of the temporal data, filling those blanks.

4. Summary

The PAL system has continued the uninterrupted, autonomous observations for nearly 4 years. The additional inclusion of the
horizontal scanning capability enables us to apply the system to new types of targets: spread of industrial smokes and dust
distributions from busy roads are good example of such applications. The system will also be useful to elucidate yellow dust
activity and the pollen density distributions. In the near future, we are planning to install multi-wavelength and multi-
polarization capabilities to the PAL system.
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Measurement of NO, and aerosol in the atmospheric pollution using differential
optical absorption spectroscopy (DOAS) with a PC projector light source
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Background

Recently the atmospheric pollution has been improved in Japan as a whole, when compared with
situations two decades ago. Some problems, however, remain in places such as urban roadside areas,
where the environmental standards have not been achieved. Therefore, efforts are required for monitoring
anthropogenic air pollution, especially the combustion products such as nitrogen oxides and particulate
matters. The main pollution species in urban areas in Japan are nitrogen dioxide (NO,) and suspended
particulate matter (SPM), usually referred to as PM10. The conventional point sampling of these
pollutants at ground stations leads to concentrations for local environments. In order to evaluate average
pollution conditions, it is valuable to obtain additional information of regional concentrations measured
over a certain distance, e.g., several hundred meters to several kilometers.

The purpose of this study is to demonstrate the capability of the PC projector as a DOAS light source.
The long-path, continuous measurements have actually been performed, and the resulting concentrations
of pollutants are compared with the data from nearby ground-based monitoring stations.

Study Area
I

We report the results of three recent campaigns: Seoul city in South Korea (August 2007), Nagano city
(November 2007) and Chiba city (December 2007) in Japan. Seoul city has the area of about 605.33
km2 (2006) (nearly the same as the Tokyo area) with the population of about 10.35 million (2006). The
restoration of the Cheong-gye stream in the midtown has contributed to alleviate the urban pollution
situations. The environmental standards of NO, and SMP have been mostly attained in Nagano city,
while heavy traffic still causes problems in the urban Chiba city area. In these measurements, we
measured optical thickness due to NO, absorption and aerosol extinction in the lower troposphere
(atmospheric boundary layer) using nearly horizontal optical paths in a height range of 15-100m from
the ground level.

Differential Optical Absorption Spectroscopy (DOAS)

l In the conventional long-path DOAS method,

'y a continuously emitting light source is employed,
and the source (or occasionally a retroreflector) is
placed at a certain distance from the observation
site.

A simple detection system is devised by means of
atelescope and a compact CCD spectrometer.

The absorption of NO, gas species gives a structure
of the order of 0.2 in terms of the optical thickness.
In order to extract the NO, concentration,
contributions from molecules and aerosol particles
can be subtracted by simply applying a linear fit to
the back-ground. Another important aspect from
this figure is that, by measuring the light intensity, it
becomes feasible to evaluate the aerosol
contribution in the DOAS signal itself.
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Since the distance between the ground observation point and light path was 5 km,
it is understandable that the difference between the DOAS and ground data was
significant. During the night to the morning on August 10 and the night on August
11, high NO, concentration was observed because of the rush hour on the regional
highways due to the family reunion in this particular season. Since the light from
an obstruction flashlight was not available in the nighttime, the DOAS method
could not capture this high concentration.
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For the observation in Seoul measurement was set up at about 30 m height. The projector flashlight was used
as a light source and the distance of the light source and observation was 1.4km. Therefore, the value of
DOAS and Ground system data were same.
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The comparison was difficult in Nagano city between the
NO, concentration from DOAS and the ground (AEROS)
data, mainly due to the small concentration of pollutants,
and in addition, occasional snow fall in the mountain
region where the PC projector light source was placed.
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Conclusions

with the
shed at dusk and dawn, and
red lights replace the
ited to
the daytime. Moreover, the measurement cannot be
carried out where no obstruction flashlight is situated.
Alternatively, here we propose the use of a
commercially available PC projector as a whit
source. This is relatively inexpensive, yet the po:
of unattended, continuous operation is quite suitable for
the DOAS measurement. This light source is portable,
and it can be used during both daytime and nig

the nighttime,

Power consumption of the projector is 220 W, and
the emission covers the visible wavelength.

A reasonable temporal correlation was found between the result of the long-path measurement
using DOAS method and the data of NO, concentration from a ground station near each
optical path in Seoul city and in Chiba city. Moreover, a reasonable correlation was found
between the aerosol optical thickness using DOAS method and the data of SPM concentration
from a ground station in these cities. However, the comparison was difficult in Nagano city
between the NO, concentration from DOAS and the ground (AEROS) data, mainly due to the
small concentration of pollutants, and in addition, occasional snow fall in the mountain region
where the PC projector light source was placed.







Aqua
MODIS(Moderate
Spectroradiometer)

2 MODIS
Aqua

MODIS
band 20
3.750u m

1930

2006

( ) MODIS

()
2005

()

5 km

1994

Resolution Imaging

(ascend)
(descend)

36 band
band
1000 m

2006
Agua

+ 0.5°

4 ~2007 10

(Focal point : Fp)

(Reference point :

Rp)

(

)

1km

2006

6

(JAXA)

2006

5

10

(1]



2006/130/1830 band20 2006/154_band20

ADDDD
B0
BODD
FD
BI00
s000
P ]
3000
20H0
1000 2l aa 4Y] i 1"..Hl‘
¥
5: Opax (2006 6 3 )
5
MODIS band 20
FEBESRERER .| V7 OIRRNRE S S 5 5
Y Lk 0 0 T “erﬁ!w_’j.;flr:‘. max max
T e e TR e e P, P O e gy
£l MODIS
2: 1km
'I*:ﬁiﬂﬁ
M pesteapnem suo
| T AT T L Y
3 [1] Maeda Takashi, Data Processing for Extracting

: Local Faint Ch f llite-
2006/154 band20 o.ca and am.t Changes from a Satellite b(?rne
- Microwave Radiometer Data, IEEE Transactions

on Geoscience and Remote Sensing, 2007

1m

(2006 6 3 )

max






Fig.2. First offshore? wind farm
in Japan at Setana.(600KW x 2)
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Specifications of ALOS/PALSAR

Mode Fine beam
Incidence angle 23.8~36.0deg
Swath 40~70km
polarization HH

Pixel spacing 6.25m/12.5m
Orbit A/D

Period Oct.,10-Dec.,13
No. of scene 12

Mode Image mode (IM)
Product Precision product
Beam 1S2

Incidence angle 18.7~26.2deg
Swath 107.7km
polarization VV

Pixel spacing12.5m

Orbit Descending
Period Feb.,03-Mar.,06
No. of scene 35

PALSAR Fine beam
mode, 2007 12 13 13h27m UT)
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11.8m/s 5.0m/s)



Table 4. Available observational equipments 2005 May

Profili
Observation ng Manufac Notes
ture
A O instrument | range
RD ADCP frequency 1200Hz
0-~20
ADCP x 2 m | Instrume ADCP frequency 1200Hz
nts Wave ADCP
Ef;lgtEr ;:m Current
Electromagn speed/Temperature/Salinity
etic current cs
meterx 2 10Techn
23m ic Current speed/Wave height
0~200 Sea-Bird Temperature/Salinity/Depth
CTD m Electroni | /Conductivity/Dissolved Oxygen
cs [Turbidity/Chlorophyll-a
0~200 ALEC
STD m Electroni Temperature/Salinity/Depth
cs
Ultrasonic FS KAIJO
wave gauge 15m SONIC ‘Wave speed/Wave height
Ultrasonic 0~30 KAIJO
ar s SONIC ‘Wind speed/wind direction
Obs:rr]\llgtlon YAMAH 15m long from stem to stern

Fig.8. Marine tower at Shirahama.

CMOD4 o °=f (wind speed relative wind direction incidence angle)
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(Stoffelen and Anderson, 1997)
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Wind speed estimation using CMOD4 and LMOD
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Fig.12. Examples of estimated offshore wind speed distribution based on CMOD4
and LMOD with in situ wind directions.(500m grid)
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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. In order to produce SLC
(Single Look Complex) and to obtain offset displacement, we use a comertiall GAMMA
software depeloved by GAMMA Remote Sensing Research and Consulting AG, Switzerland.
The results of offset SAR displacement show that maximum displacement in northren part
Sumatra Island is 4-6 meters. Generally our result agrees well with long span GPS
observation.

Key words: Sumatra, offset, SAR, displacement



1. Introduction

The Sumatra-Andaman earthquake, a devastating earthquake, was 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 heightsl 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
of 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 can not 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 image) (Tobita et al,. 2001,
Pathier et al., 2006), and map vector dispalacement around the epicenter of the earthquake.



2. Data dan method

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)
Loaction1 2002/11/12 2005/01/25 57 1109
Location 2 2002/11/28 2005/01/06 310 1074
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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
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.
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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 |1 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. 1 mosaic the SRTM with
resolution 90 m to produce terrain height data. The DEM data which used in this research are
shown in appendix 2.
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Figure 4. The procedure for generating new slave image registered to master image.

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, | 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.

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




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.
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Figure 6. Crustal displacement related to Sumatra-Andaman observed by long term GPS
observation, GPS data from Subarya, et al., (2006)
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 7. Horizontal displacement in the north of Sumatra islands (SAR image location 2)
associated with megahurst Sumatra-Andaman earthquake December 26, 2004

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 with
displacement which obtained from long span GPS measurement (Subarya et al., 2006).
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Objective

To develop a flexible, low cost remote sensing system that
can be applied in the detection of alteration minerals.

The aim will be met through the following specific objectives:

(1) Develop a lightweight digital imaging system capable
obtain high-resolution images.

(2) Demonstrate the usefulness of the filter camera system
for alteration detection.

(3) Demonstrate the utility of the filter camera system for
pre-scouting fields.

Hydrothermal alteration

The acidic hydrothermal alteration zones elongated along
ENE striking fractures (Sumi, 1968).

The acidic stage has been divided into three alteration
subzones based on the distribution of kaolinite, alunite and
pyrophyllite (Nakamura and Sumi 1981)

(1) Silicic subzone - siliceous rocks, alunite and sulphur.

(2) Silicification subzones — silicified rock, clays, sericite,
alunite, gypsum, calcite, rutile, diaspore and andalusite.

(3) Aurgillization subzone — clay, montmorillonite, kaolin
and alunite.

Red = suitable spectral signature in Remote Sensing

Introduction

This study focuses on hydrothermally altered materials using satellite
image (ASTER data) and trial new digital filter photography remote
sensing method in the Hachimantai area, Northern JAPAN.

Most satellite images are good quality and georeferenced so they can be
loaded directly into GIS software.

Unfortunately, most satellite systems have limited resolution, limited
orbital periods. Cloud cover adversely affects them at the time of image
acquisition.

Alteration zones can guide exploration geologists to hidden systems or to
ancient spring activity and important in geothermal resource exploration
over the Hachimantai area.

The Study Area

Hachimantai volcanic region is one of the largest geothermal provinces in
JAPAN, is located 50 km northwest of Morioka city Prefecture.

Hydrothermally altered rocks are exposed by landslide on the hill.

The Geological Survey of Japan considers mapping hydrothermal alteration
zones as an extremely important element in geothermal exploration.

The white polygons are alteration zones mapped by geological survey of
JAPAN.

Methodology
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e This study used the Advanced Spaceborne

Thermal  Emission and  Reflection

IMAGE DATA Radiometer (ASTER) data level AST3A01.

. It has been acquired on September 16, 2004

12 3 AR 4 56789 with a soloar incidence angle of 50.0° and

azimuth angle of 156.10° .

« Another one is digital camera filter
photography image. filtered through;
- visible wavelength filters - 400 nm, 450
nm, 500 nm, 550 nm and 600nm.

- infrared wavelength filters — 750 nm and
950 nm.

[
04 06 08 10 12 14 16 18 20 22 24
Wavelength (pm)

Pre-Processing of ASTER data

DN image to Radiance Image
 Sensor gain/offset
« Calibration coefficient (5 )

L={DN-1)xd

Correct slope and (ERSDAC, 2001)

orientation of the surface

« horizontal radiance (L)

« sloped terrain radiance (L)
« the sun incidence angle (i)

Radiance Image to Reflectance Image

« the relative Sun-Earth distance (d)

« the exoatmospheric solar irradiance (Exo ; )
« the solar zenith angle (8 ,oy,)

Sub-System | Number of bands Spectral range Spatial

Sensor (4 m) resolution (m)
Product
Aster L1B VNIR 3 (+ 1 backward) 0.52 up t0 0.86 15x15

SWIR 6 1.60 up to 2.43 30x30

TIR 5| 8.125up to 11.65 | 90x90

The mineral or rock unit may have high reflectance
in some spectral portion, however, it may absorb in
another spectral region (Bannari et.al., 1995).

Band ratio method used this reflectance and
absorption bands characteristic.

The most appropriate index used to extract the
laterite area is the ratio of band 2 to band 1 in
ASTER data.

Band 2/ Band 1 = New band (iron oxide image)

o5 08 1o 12 14 15 18 20
Wavelength (m )
‘Spectral bands of the ASTER (afir Hunt,

[ANEEENEE..

3 A

The most commonly used NDVI
for estimating green vegetation
cover in Remote Sensing.
Normalized Difference Vegetation
Index (NDVI)

ASTER bands 3N (NIR) and 2 (R)
were then converted into apparent
reflectance values.

Using apparent reflectance images
in Red and NIR bands, the NDVI
index was computed by the
standard formula:

-1<NDVI<1

P oq = Reflectance in red channel

p nr = Reflectance in NIR channel

(Rouse et al., 1974)

cos{lianen )

iln=1Iz P

—_— e i 2
(Teillet etal., 1982) Fan

(Mather, 1999)

Principal Component Analysis Method (PCA)
« The principal component transformation is a multivariate statistical technique.

« This technique indicates whether the materials are represented bright or dark
pixels in the principal components according with the magnitude and sign of the
eigenvectors loading.

« As we know that the iron oxide give high reflectance values in ASTER band 2
and low in band1, we look for the principal component in which the difference of
reflectance is large at table.

PC Band4 Band 5 Band 6 Band7 Band8 Band9
1 0.774759 0.301401 0.372717 0.315822 0.229668 0.132276
2 0.610152 -0.363007 -0.299115 -0.361144 -0.412267 -0.325701
3 0.053647 -0.650366 -0.311138 0.638889 0.247169 0.089823
4 -0.077688 -0.573204 0.792854 -0.188634 0.006616 -0.034026
5 -0.133375 0.151050 0.213947 0.565574 -0.583161 -0.503657

Output PCA Images 6 -0.027586 0.055036 -0.020372 -0.078707 0.613250 -O.

Alteration Sample
__Collection




MSR7000 Multispectro Radiometer each mineral

powder sample measurement

The reflectance spectra were measured using MSR7000 Multispectro
Radiometer (covers the 280 nm to 2500 nm wavelength).

Laboratory reflectance spectroscopy, MSR 7000 can be a definitive test of
the presence of hematite and kaolinite, if the absorptions appear strong.
Mixtures of minerals with overlapping absorption bands can be difficult to
interpret with spectroscopy .
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Trial of Digital Filter Photography

Equipment
Required

The basic elements of digital filter photography include the charge
coupled devices (CCD) digital camera, filter, filter holder and ball head
tripod in this method.

The camera can store images as uncompressed TIFF format or RAW files.
One of the highlights of the Dimage 7 is that F 2.8, 7X optical zoom
Minolta GT lens. The focal range is 7.2 — 50.8 mm.

A conventional 5 mega pixel camera actually may output 2560x 1920
pixel images (4915200 pixels) because some of the pixels in the camera
are used for various measurements in image processing.

Shooting filter photograph

Shooting filter photographs is simple, by
placing various filters in front of the main
lens of digital camera.

But there are a few things to get good photos
in field work.

- First, make sure no light can leak
through the filter attachment mechanism
and turn off automatic flash.

- Second, set the camera to the highest
ISO rating and remember to use the
tripod for image registration.

- Focusing was a problem because the
infrared is so dark, it was going to take
some work before.
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X-ray diffraction (XRD) analysis

Spectral measurement methods are sensitive to different abundances of
materials especially clay minerals.

However, the minerals quartz and low iron feldspars have no diagnostic
absorption in Visible-NIR wavelength range but XRD is very sensitive to
them.

X-ray diffraction analyses confirmed that much of the silica is the
dominant mineral in the alteration area.

According to XRD analyses of samples contains iron oxide (goethite,
hematite), a variety of clay minerals including kaolinite, montmorillonite,
illite and siliceous minerals.
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Optical Filter
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CCD camera filtered through visible wavelength filters — 400 nm,
450 nm, 500 nm, 600 nm (visible wavelength) and Infrared filter 750
nm and 950 nm.

CORION [(Holliston, MA) S25-F0470-4M229] filter with an optical
bandwidth of £ 25 nm.

Digital filter photo station



Filter Photography Results and Interpretation Recognizing hydrothermal alteration on Filter Photography

Outcrop-3 Outcrop-4 outcrop-2
Outcrop-1 Outcrop-2 and and I d s
Outcrop-2 ron oxide (hematite, goethite)
Hydroxyl mineral with Hydroxyl mineral with Iron oxide (hemaiie, goethite) . Specalrofle - s
sub silicification sub silicification "9
. . " . . . 520 52|
. This study examined filter image processing based on alteration outcrops and gmﬁ ,m/\/\
non-alteration outcrops in fieldwork. @m ;5 1 i i
. Shoot filter photos and create to image cube or one packet image file. ) 5y
*  The purest pixels selected from filter photographs using the 2D scatter plot S R
method. Wardengt () Wavdergth (o)
. Scatter plots provides a good way to show the relationship between spectral and . The purest pixels showed 2D scatter plot of 750 nm and 450 nm sensitive for
image space. Hydroxyl minerals and 600 nm and 500 nm for iron oxide minerals.

. Blue pixels represent hydroxyl minerals and red color pixels represent iron
oxide minerals.

hotography False Color Composite Filter Photography and Principal Component Analysis

¢ The examination of PCA eigenvector loadings decided which of the
) ) ) . principal component extracted information directly related to the target.
or composite of filter image 600:500:450 assigned to RGB « Iron oxide image was correlation with the PC image of 500 nm and 600
Is respectively, with histogram equalization, clearly displayed the nm eigenvector loading and alteration image coincided with PC 1 image.

400 nm 450 nm 500nm 550 nm 600 nm 750 nm 900 nm

'450;400 a§5|gned to RGB channels regpecnvely, displayed the bc pandl Band? Band3 Band4 Band5  Band6 Band 7
distribution of highly altered pixels )light color pixels. — .303378 0.306451 0.602092 0521392 0.415650 0.064133 0.052970
«  This result was coincided and recognized with other alteration outcrops L e s o3

4 0.612482 0.575002 -0.326311 -0.386089 0.048430 0.165799 0.094130
5 0.193584 -0.021586 0.121346 0.224672 -0.611067 0.560183 -0.457874
6 0.112707 0.138909 0.003044 0.316755 -0.614961 -0.326242 0.618909

7 0.639275 -0.742465 -0.001563 -0.031498 0.099120 0.011076 0.170678

filter photos image processing results of study area.

RGB = 600:500:450 RGB = 750:450:400

Iron oxide image Alteration image
Pink color pixels Light color pixels PC 5 for iron oxide image PC 1 for alteration image
Rechecking Field work | Estimate weight percent from outcrop

ROI too and Spectral Angle Mapper
Method

Iron oxide weight image

Alteration (silica, kaolinite) weight
image




Recognizing hydrothermal alteration on
ASTER Images

Iron oxide image

VNIR band 2/ band 1 (15m) E i
ron oxide

montmorillonite

[ Silica mineral

Hydroxyl minerals (30 m)
Principal Conponet Analysis

* The best results for alteration mapping obtained little
vegetation cover outcrops and landslide.

* The new filter photo method can be used in this hilly
and landslide outcrop as field spectrometer and can
be detected up to data of outcrop.

[ Silica minerals (90 m)

B13/B12

Summary

« New digital filter photography remote sensing method is a
good trial tool for detecting signs of alteration. Because
- can be detected by high resolution (miga pixel).
- could be used ground truth field checking like mobile
field spectrometer.

¢ This method could be used to discriminate mainly the iron
oxide and among hydroxyl mineral sub silicification sub
zone.

« Iron oxide sensitivity at 500 nm and 600 nm filter
photography and hydroxyl mineral sub silicificication image
coincided with the high albedo principal component
analysis image (PC1).

¢ Can be estimated the weight of alteration mineral percent
of each outcrop.

Summary

@ Kaolinite, alunite,

The most appropriate index used to extract the iron oxide areas is the ratio of
band 2 to band 1 of ASTER data.

The vegetation mapping based on NDVI has shown no or sparse vegetation
cover in the areas.

Principal Component Analysis selection is based on the examination for PCA
eigenvector loading to the for hydroxyl mineral, kaolinite, alunite and illite etc..
Silica rich areas were mapped with TIR ASTER emissivity band 13 / band 12.




[m]

Distance from surface

The 10th Center for Environmental Remote Sensing (CEReS) Remote Sensing Symposium on February 28, 2008, Chiba University, Japan

(") Retrieval of drop size distribution using both PRTRMM and CPR/CloudSat data
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Abstract

Dual frequency precipitation radar (DPR) is widely used to estimate drop size distribution (DSD). The output of a radar or observed physical
substance is the back-scattered cross section per unit volume (7). The rainfall rate is derived from 7 using empirical equation. If we have two
observations of different frequencies, we can retrieve, assuming the DSD, both the averaged drop size and number of rain drop in unit volume
from 7. The simultaneous observation of rainfall from both Precipitation Radar (PR) of TRMM and Cloud profiling radar (CPR) of CloudSat is
obtained in the month of January 2007. Using the two radar backscattering parameter, we tried to retrieve the drop size and number of particles.
We also discuss a new method to calculate the attenuation without solving the Hitschfeld-Bordan equation.

Introduction Satellite data

PR/TRMM has observed the rainfall in the tropic and subtropic regions for more than a decade. In TRMM retrieval algorithm, The simultaneous observation of PR/TRMM and
Surface Reference Technique (SRT) techniques is utilized. The radar reflectivity factors are corrected for attenuation, and the ~ CPR/CloudSat and their position on 25 January 2007 is
information on the DSD is inferred from the non-Rayleigh backscattering characteristics of the hydrometeors. The assessment of ~ Shown on Table.1. Both the data were collected using orbit
the reliability of SRT is difficult because the statistical properties of the surface echoes depend on surface type, angle of incidence, ~ calculation of NASA's Two-line-element data sets.
and surface winds. So we assumed the new method to calculate the attenuation without solving Hitschfeld-Bordan equation and
SRT. To estimate the raindrop size distribution and number of particles, we must think of the scattering and the back-scattered

Satellite time [UTC] | Latitude ° Longitude[®

cross section per unit volume. We calculated the Mie and Rayleigh scattering in order to get the scattering character and the back- CloudSat -16.988 48.40302

scattered cross section per unit volume from radar equation. The back-scattered cross section per unit volume is corrected for TRMM -16.987 48.40153

attenuation. We evaluate the optical thickness of bin data and attenuate the bin data using recursion

equation. . Table. 1. Observational time and location of satellites
26000
24000 ] -
220 ] Calculate attenuation, ' _ using

recursion equations
20000 ]
18000 ] 7
Calculate attenuated '

16000 ]
100 ] Compute _and _ fidficross point Output
12000 ] using attenuated and
10000 ] ==

8000 ] Calculat using the

6000 ]

4000 ]

2000 ] Fig. 2 Flowchart of the recursion equation method.
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Results and Discussions

The backscatter cross section per unit volume (reflectivity) [mm?m®]

Fig.1. Scattering diagram shows the variation of backscattered
reflectivity with reference to the distance from surface.

30 25

We assumed that water particle exist at 4560 [m]
of the distance from surface, because of the bright
band appearance as shown in Fig.1. Fig 3a and 3b
shows the measured reflectivity of TRMM and
CloudSat data. The simultaneous observation
cross point is found at bin number 13 on TRMM
and bin number 516 on the CloudSat data. These
points observed the precipitation. These data were
used to calculate the new back-scattered cross-
section per unit volume . Fig 4 shows the
comparison of the obsgtved back-scattered cross-
section per unit volume and the appapgnt back-
scattered cross-section per unit volume with
reference to the distance from the surface without
attenuation. In TRMM case, the observed back-
scattered cross-section pét unit volume nearly
unaffected by attenuation shown in Fig.4a. In
other hand, the obsepm;d back-scattered cross-
section per unit volume from CloudSat come
under the influence of attenuation at 2880 [m] as
shown in Fig.4b. This result indicates that there is
an existing of the precipitation from 3200 [m] due
to attenuation influence which appeared in the next
range of the layers.
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-327.67 1265 750 Fig.4 Comparison of  during attenuation influence (a: TRMM; b: CloudSat)

Fig. 3. The measured Reflectivity (dBZ) of PRITRMM [a] and CPR/CloudSat [b]

Conclusions

e L We have developed a retrieval method
15000 \ of DSD for dual-frequency radar using
\ two Also we have discussed
o0 1 a method to calculate the attenuation,
by not solving Hitchfeld-Bordan
equation and SRT but using recursion
° equations.
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Fig. 6 Distribution of D and N in the atmosphere window.
Parice size Dimm)] Fig 7. Optical thickness observed by TRMM
and CloudSat data

Fig 5 the relationship of the parameter D and N with However, in the total column of atmosphere window in the

A ':'e'e”ce“’ me?‘séa”;e'm'“ thesikteceY ; h range from 1700 to 4560 m, there is wide distribution of D
enuation computed by recursion equation shown in and N is computed and shown in Fig. 6.
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Analysis on the relationship between urban heat islands and
urban development in Taipei by satellite images (First Report)

Yingjiu Bai* Akihiko Kendoh® and Ippei Harada™

*Tohoku U niversity of Community Service and Science, Sakata-shi, Yamagata-ken, Japan
** Center for Environmental Remote Sensing, Chiba University, Japan

As economic development, urbanization and population growth continue in Taipei City, the urban heat island
{(“UHI"} phenomenon has often been attributed to causing severe environmental problems in large cities, such as
energy shortage, air pollution, and deterioration of living conditions. However, UHI researches in large cities in
tropical and subtropic regions are rare. The needs to document and predict UHI in tropical and subtropic regions,
in order to find effective methods to mitigate the impact of UHI are acute. The purpose of this study is to clarify the
relationship between urban heat island and urban development in Taipei City by satellite images and the statistical
data.

Taipei city iz situated in a geological basin. f . ‘.' 1 n

In 1920, Taipei was officially incorporated as a city under the {“ y | -
4 A +
‘ W

- e

State jurisdiction. Through new demarcation, in 1932, the city
covered an area of 66.98 ko’ and the population was about
600,000 people. E
In 1945, Taipei City was put under the jurisdiction of the province
with 10 administrative districts.
In 1967, the suburban township= of Heihw, Hangang, Muzha,
Jingmei, Shilin and Beitou were included in the city’'s termitory,
which increased Taipei City was area to 27214 knv,
In 1990, the entire city was dem ted in 12 inistrative
districts.
location of center of Taipei city: E121" 33" 20" H25" 05" 14"
Tand area: 27,180 hectares (2006} LN ST — e, S B SN » »
Population: 2.62 million people (2006) B OcesnRiverivaer B Forest Bl Grassfvegstation [0 Bridgesfosd M Urbant M Urban2 ) Cloud

land use ch using TM data (1991) and ETM (2002)

sE ishing monitoring stations (2008~}
-moaior and measure urban hest Blands for 3 fong me
- obtain accurate cimatic data continnous iy
- document wrban heat & lands in Tapei Gy
# lllustrating the growth of population, land use and land cover changes due to urbanization
- obtain iand yse datzbase in current wse from Lands at TIMdata
-apalze the growll of popalztion using the statstioaldata
-agtimate anthropogenkc heat emisfion from energy cons ymption statitics
# Clarifying the relationship between urban heat island and urban devel opment

The population in Taipei cib10 disfricts) was 1,199 million people in A
1967. Since Heihu, Hangang, Muzha, Jingmei, Shilin and Beitou were

incorporated into the city jurigdiction in 1968, Taipei City ruled over

16 districts, so that the population incrased to 1.56 million people. In

1990, the entire city was demarcated in 12 adminigtrative districts,

and the population became 2.6 3 million people.

B efore 1990, population growth had been continual. From 1991 on

ward, a reverse frend was found with the exception of 1994, 1998,

1994, 2000, 2002 and 2006, which were on the growth. Over those

years, the negative growth dueto social increase went beyond the e — —
growth of natural increase, which resulted in the negative of population.

Taipei city with 2.616 million populati {2006) has ad i at an
unprecedented pace in urban expansion over the past few decades.
This has caused the annual mean temperature has increased. Therise
in annual mean temperature in Taipei is over 1.5CM00 years since 1898, g Vimpmrmg] s L3N "'-':' i Teked oy U

Furthermmore, during 1996-2 006, the monthly mean temmperature in both " + a* = rpm—e
the maximum temperature and the minimum temperature in July (the i i En o L s
warmest month) has risen over 0.5%:. } i s - i .

- a

B

Some experts reported much of those rises may be relatedto the i “g i" s e
increase in the global mean temperature as described by The Japan " = R e st
Times (Sept. 24, 2001). However, the global mean surface temperature 1 o [ A i e e .
has increased by between 0.3 and 0.6 since the late 19th century, a HE G4 0w M@ E-: :'“"'"'_' T
change that is unlikely entirely natural in origin. Actually, Many Japanese Relatoniiiip betisen Ann. Mean Tem . Snaaakgan binpas Hre il aag L. R ]

researc hers wam that urban warming in large cities continues, due to the :EEG']“ el I L {BRNA08)

"heat island effects"

Tam para tura INGrea 1e [0 AWM mar and autumn
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Monitoring Kashiwa City Using Remote Sensing

Katsumi Ohyama?, Luhur Bayuaji? and Josaphat Tetuko Sri Sumantyo?
1Center for Environment, Health, and Field Sciences, Chiba University
2Center for Environmental Remote Sensing, Chiba University
E-mail: k_ohyama@faculty.chiba-u.jp

Introduction

Regional sustainable development requires a balance among diverse social goals, for instance environmental conservation
and/or improvement vs. economic development (Zhang and Guindon, 2006). The fulfilment of single factor is not sufficient to
improve regional sustainability, and thus, comprehensive investigation with respect to the social goals is essential. A
comprehensive investigation is more important in a developing region than in a developed region because of possible
alterations in its development plans. For further improvement in the regional sustainability, transitions in the land use and
environmental indicators (e.g., vegetation index and surface temperature) between the past and present need to be compared
quantitatively in order to influence the results of the future development plans.

ObjeCtive : ._ Tone River

The objective of this study is to demonstrate that satellite remote sensing can be used for : /
determining land use, and thus, for evaluating regional sustainability at a low cost. ;

Target Area Edo River |

Images of an area neighboring Tsukuba Express (railway) in Kashiwa City (northwest /
region of Chiba Prefecture, Japan) acquired by the Advanced Spaceborne Thermal KaSHiTNaZ:ity
Emission and Reflection Radiometer (ASTER) on the Earth observation satellite TERRA h
(EOS-AM1) were used. In Kashiwa City, especially in the area neighboring Tsukuba ] :
Express line, land use has been changing dramatically. The introduction of the railway . Nishichiba Campus
increased accessibility to Tokyo, resulting in rapid construction of buildings (e.g., shopping ¢ 1 Ghiba University
malls and houses), increase in the population, and decrease in the cultivation area and/or
green area. Hence, Kashiwa-no-ha Campus Station (35° 53' 34" N, 139° 57' 9" E)
and its surrounding area (radius: 5 km) was intensively analyzed.

Results and Discussion

Normalized Differential Vegetation Index (NDVI)
05/16/2000 04/01/2001 06/04/2001 09/24/2001 10/13/2002 09/30/2003

r’_ 1 r "1 r 1 r" '1 r 1 Around the Kashiwa-no-ha Campus Station

e E - ¥ Hing (center of the images), the NDVI was higher in

L J L_ __J ﬁ A L J L J L 2000 than in 2006. While the campus station

e y .J previously contained a golf course and a forest,

04/25/2004 09/03/2005 05/01/2006 11/09/2006 drastic ChangeS in land use occurred after the

introduction of the railway. Thus far, most of

r r 1 r— 1 r 1 s the vegetation has been destroyed. Further,
L L _J L _J L J Pl buildings are continually being constructed.

Land Surface Temperature (LST) Although obvious differences among the LST
images were not observed, the surface and air
temperatures around the Kashiwa-no-ha Campus
Station can increase in the near future due to the
decrease in vegetation, which facilitates sensible
and latent heat exchange. To prevent the
increase in the air temperature in the area, i.e.,

05/16/2000 04/01/2001 06/04/2001 09/24/2001 10/13/2002 09/30/2003

103/ /01/: 109/ .
0903.-2005 2 “_0.9.2,006 the so called “heat island phenomenon,” the
'-'5-:;4-‘ ,_! amount of vegetation should be maintained or
= T increased while simultaneously striking a balance
__J between vegetation and city development.

Conclusion Remarks

The NDVI and LST around the Kashiwa-no-ha Campus Station (Tsukuba Express line) were obtained from
the images acquired by ASTER on the Earth observation satellite TERRA. As we mentioned above, in Kashiwa
City, especially in the area neighboring Tsukuba Express line, land use has been changing dramatically.
Hence, some diagnostic tool for evaluating the land use was required for the sustainable development of the e s o

city. Continuous monitoring of the target area using remote sensing will contribute to sustainable development CHEEA, Linvemity
of the city as well as increase the quality of life of the people living in this area.
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