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Current Status and Future Perspective of CEReS Satellites Data Archive and Distribution

Higuchi, A."", M.K. Yamamoto', M. Hayasaki', H. Takenaka', T. Kitayama'
_ S. Aoki', M. Chiba', H. Kuze', A. Kondoh', J.T. Sri Sumantyo', F. Nishio'
!Center for Environmental Remote Sensing (CEReS), Chiba University, 1-33 Yayoi, Inage, Chiba 263-8522, Japan
*E-mail: higu@faculty.chiba-u.jp

Abstract

Primary function of Center for Environmental Remote Sensing (CEReS) is to provide satellite dataset such as GMS, MTSAT-1R,
and NOAA/AVHRR for research community. We started data archive system (DAS) re-construction since 2005. New DAS based on

PC servers and RAID storages with Free Operi Source Software (FOSS). Such configuration changes allow us to easy-expansion of

DAS and random data access via,internet, thus downloaded files by users have been increased since 2005. In addition, activities of

Virtual Laboratory (VL) for diagnosing the climate system accelerate the volume of archived satellite data since 2007. Our primary

task in VL is collection and utilizations of geostationary meteorological satellites, thus we re-process raw full-disk data into grided

format (after geometric correction) and open through the internet. Such data processing is not only contributed to VL also related

communities. We will play an important role as one of data active archive center (DAAC) in Asia for satellite and related dataset.

- Keywords: CEReS, data archive system (DAS), geostationary meteorological satellites, virtual laboratory (VL)

1. Introduction o

The earth observation from the space (satellite
observations) is effective method to diagnose the earth
environment. For more utilization of satellite data, the
establishment of data active archive center (DAAC) was
urgent issue. To account for the needs, Center for
Environment Remote Sensing (CEReS) was established in
1995. From initial stage, CEReS was tasked to process and
produce the basic satellite dataset as a function of DAAC.

2. History of CEReS DAAC
2.1. First stage (1995-2004)

After the CEReS establishment, we installed two receiving
systems for GMS5 and NOAA/AVHRR. In addition, a tape
archiver (300TB max. capacity) was installed. It was not
suitable for random access, but it should be noted that it was
best solution to account for technology in 1990°s (Fig. 1).

* Satellite data receiving
(NOAA/AVHRR, GMS5)

* Data processing, data
archiving (ws, tape archiver)

FY

Fig. 1 Schematic illustration of DAAC in the first stage
(1995-2004) '

2.2. Second stage (2005-2006)

To satisfy the needs from users, we started to re-construct
our data archive system (DAS). Since 2005, two PC servers
with several RAID storages (total 12TB in capacity) were
installed and operated (Fig. 2). New DAS was based on Free
Open Source Software (FOSS) account for the scalability of
easy-expansion (e.g., install additional RAID storage),
easy-modification of configurations (version up). Most of
advantage of adaptation of PC server based DAS is easy
access to dataset via internet (by anonymous ftp protocol). In
fact, download users were rapidly increased by the
re-construction of DAS, thus our DAAC was truly renewal
as D”A”AC.

* RAID {2TB x 6) + PC {Linux) based
on open source {with many try &
error)

* Backup (main archiver)

Two ways datgisending

Restore data from archiver

Community via
Anonymous ftp

Fig. 2 Same as Fig. 1 but for the second stage (2005-2006)

3. Current DAAC activity highlights
3.1. Third stage of DAAC (start of VL: 2007-)

Since 2007, Virtual Laboratory (VL) for diagnose the
Earth climate system with formation of Center for Climate



Table 1 Specifications of grided resampling format released by VL-CEReS for geostationary meteorological satellites.

MTSAT-1R

FY2-C,-D 0.04°

METEOSAT | o4 2.5° —117.5°
(India)
METEOSAT | 0.04° -60° —60°
: . 225° —345°
GOESW, E | 0.04 e o8a"

80° -200°

44.6° -164.6° (-C) V.2.0
26° -146° (-D)

V2.0 emi-Real time
releasin

Released g

Semi-Real time

Released releasing

V.1.95

(develop ver.) Registration

V. 1.95 . .
(develop ver.) Registration
V.2.0 Semi-Real time
Released releasing_;

Gridded resampling format (level 1b) Specification

» 60S — 60N, hourly (GOES 3 hourly, due to scan schedule)

» Data: image body (split each band), with calibration table

» 2 byte original data = big endian byte order

» Compressed by bzip2 (xxxxirx.tar.bz2, xxxxvis.tar.bz2)

B anonymous ftp servers (METEO restricted due to data policy)

System Research (CCSR) of Univ. Tokyo, Hydrospheric
Atmospheric Research Center (HyARC) of Nagoya Univ.,
Center for Atmospheric and Oceanic Studies (CAOS) of
Tohoku Univ. and CEReS. Our primary task in VL is to
collect and utilized geostationary meteorological satellites
(GEO, such as MTSAT-1R, FY2 series, Meteosat, MSG
series and GOES-E, -W series; Yamamoto et al, 2009). To
achieve them, we installed the receiving system for FY2
and define the output product to release dataset. Table 1
summarizes the specification of GEO product by
VL-CEReS. We called gridded format of which already
geometric correction procedure is conducted based on
in-orbit navigation derived from header information of
raw data. To account for re-radiometric calibration
processes mentioned later, dataset consists of image body
(filled by raw CCD count) and calibration table to convert
from CCD to physical variables such as Tbb. Version 2 is
the product of which improved the accuracy of geometric
correction. Currently we collected a ten year (1998-2008)
GEO and released via anonymous ftp servers as follows:
MTSAT-1R: fip://mtsat-1r.cr.chiba-u.acjp/

FY series: fip://fy.cr.chiba-u.ac.jp/

GOES series: fip.//goes.cr.chiba-u.ac.jp/

Meteosat and MSG': fip://meteosat.cr-chiba-u.ac.jp/

" Due to data policy of EUMETSAT, data access restricted
authorized by IP clients and users.

Activities of VL-CEReS accelerate the number of
downloaded files through the CEReS DAAC (Fig. 3) and
capacity of DAS (Fig. 4). Until 10 December 2009) we
have been performed 3.2 million data downloaded,
furthermore number of downloaded files from outside of
Chiba Univ. rapidly increased in 2009. To account for the
scale of remote sensing-related communities, we truly
contribute as one of DAAC in Japan. In the aspect of DAS,
we re-constructed DAS approximately once per a year.
Due to expensive management cost, we stopped the
operation of a tape archiver in 2006.
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Fig. 3 Annual downloaded files from DAAC. Black
line shows download from Chiba Univ., red line
represents from outside of Chiba Univ. Unit is
10,000 files per year.



archive system ex

1996-2005 (30-5078)

#2006: Tape archiver stopped
©2007~ :VL started
*GEO archive and distributed

*Related data archive & utilized

2007-2008 (50-10078)

pansions (1995-2009)

©2008:Tape archiver remove
Archive room renewal
40U Racks

%

Jodo-
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Fig. 4 Expansion of CRES-DAS since 1995.

A kind of risk owned by the operation stop of tape
archiver; however the reduced costs can invest to new
DAS. In 2008, replacement of tape archiver allows us to
efficient space usage for DAS. In the end of 2008, we
moved DAS into a new server room of which located tape
archiver with enhancement of air-conditioner’s power.
With every-years re-construction of DAS, total capacity of
DAS have been changed as 12-20 TB in 2005-2006,
50-100TB in 2007-2008 and 200-500TB in 2009. Now
we face the door of “peta-byte (PB)” volume and it seems
to open the door during 2010. Because we exactly need
more data capacity to accelerate our activity.

3.2. Collaborations with several organizations
3.2.1. With Chiba Univ. Library (CUWIC)

Since 2006, we tried to collaboration with Chiba Univ.
Library by the support of National Institute of Informatics
(NII) e-Science project. In 2007, we made the prototype of
searching engine of which can search article, report
(CURATOR, developed by Library) and NOAA/AVHRR
images. We called this system Chiba University Wisdom
Collection (CUWIC http://cuwic.ll.chiba-wjp/). Now
CUWIC has a function of insert “tag” into each image by
internet users, for example “a day of typhoon 16 attacked
Japan”. This challenge is one of tests how to utilize
satellite image into other communities.
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Fig. 6 Frequencies of Tbb in 2005 July 06UTC derived
from CReSS-SDSU and MTSAT-1R (after
Tsunashima, 2009).

3.22. Collaborations with atmespheric model
developers (validation of CReSS; VL)
From the start of VL, we are done the performance

check of Cloud Resolving Model (CRM) by satellite data

one of our task for the collaborations. The Cloud
Resolving Storm Simulator (CReSS) developing by Dr.
Tsuboki, HyARC of Nagoya Univ. is research oriented
CRM based on non-hydrostatic assumptions. We
evaluated CReSS output through the Satellite Data
Simulation Unit (SDSU) developed by Dr. Masunaga,
HyARC of Nagoya Univ. with real-world satellite output
such as MTSAT-1R, AMSR-E (Kato, 2008; Tsunashima,



2009; Hayasaki et al. 2009). Through a series of validation
studies of CReSS, CReSS unfortunately tended to
overshooting clouds (higher in cloud height, faster in cloud
development stage: Fig. 6). This is relatively universal
feature in CRM and recently CReSS improves
microphysics then overshooting features reduced by the
improvements (Hayasaki et al., 2009). Such interactions
truly improve the CRM performance.

3.23. Collaborations with company (WNI) and
operational agencies (MSC/JMA, GSICS)

Collaborations expand into the WNI and operational
agencies (Fig. 7). In the case of WNI, since 2005, CEReS
and WNI developed the system to provide radiation
product based on MTSAT-1R (Takenaka et al., 2009, Fig.
8). Now we send the radiation product based on neural
network to WNI, product is used to provide information of
UV for cable TV in WNI. Such collaboration is one of
linkage to the company.

Collaborations with company and
operational agencies
. CCSR .

Fig. 7 Schematic illustration of collaborations with
WNI and MSC/JMA, GSICS.
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Fig. 8 Neural network retrieved downward solar
radiation at the surface derived from MTSAT-1R.

To diagnose climate system by satellite data, calibrations
of space-bome sensors is important issue. In VL-CEReS
also pay attention about the calibration process. Global
Space-based Inter-Calibration System (GSICS) is a

' framework of operational agencies under WMO. We also

corroborate with Meteorological Satellite Center (MSC) in
JMA to develop calibration methodologies for GEO, then
updated (calibrated) GEO would be utilized for higher
products such as radiation components.

4. Concluding remarks

We introduced our DAS and DAAC histories, current
activities and collaborative researches examples briefly. As
a future perspective, we will keep our function of DAAC
as one of hub DAAC in Asia related satellite data. CEReS
is now to having a responsibility to keep the function of
DAAC as a nationwide corporation institute. Before to
represent the responsibility, we truly need a big dataset to
achieve our research, thus biggest users are ourselves. In
addition, we will keep our DAAC position as a kind of
“neutral” and “open” for all spectra. Essentially, university
is based on the spirit of “open policy”, we will follow it.
Moreover, we will pay an attention for collaborative
researches on the several ways. As introduced in this
report, possibilities to utilize the satellites data are not
small, so we will demonstrate “the power of satellite data”.
Finally, our DAS is always developing phase (with try and
errors), so we also sometimes feel the difficulties to
maintain our DAS. However we believe that we can enjoy
the development of higher-stage DAS as a fun.
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Observation of Weather and Climate with the Meteosat and Metop Satellites
Johannes Schmetz, Dieter Klaes and Marianne Konig

EUMETSAT, 64295 Darmstadt, Germany

Abstract

The paper provides an overview of the meteorological satellite systems operated by EUMETSAT: The
first generation of European geostationary Meteosat satellites started with the launch of Meteosat-1in 1977
under the responsibility of ESA (European Space Agency). A series of seven satellites provided a
continuous service acquiring half-hourly images in three spectral bands. Meteosat-7 is now still used for
observing the Indian Ocean area. The advent of the first Meteosat Second Generation (MSG) satellite in
2002, renamed to Meteosat-8 with the start of operations, marked a major step forward in terms of observing
capability. MSG satellites take images in twelve spectral channels every 15 minutes. The operational
products derived from MSG data provide essential information for numerical weather prediction (NWP) and
Nowecasting. The MSG system is now a dual satellite system with Meteosat-9 as prime satellite and
Meteosat-8 providing rapid imaging services. Two more MSG satellites will be launched before the next
generation (Meteosat Third Generation: MTG). The first polar orbiting meteorological satellite of
EUMETSAT, named Metop-A, was launched in October 2006. Metop provides advanced observations of
temperature and humidity profiles, wind, ozone and trace gases. The instrumentation is based on a continuity
of known instruments and novel techniques. Notable are the hyperspectral thermal infrared observations
with JASI (Infrared Atmospheric Sounding Interferometer) which also plays a key role for the observation of
climate parameters and as reference instrument for satellite intercalibration . Two more Metop satellites are
scheduled for launch. ‘

always view the same area. They can perform
frequent imaging and are ideal to observe rapidly

1. INTRODUCTION
Operational meteorology utilizes two types

of satellites to provide the required information:
Low Earth Orbiting (LEO) satellites fly at
relatively low altitudes of around 800 kilometres
above the Earth, mostly in polar (sun-
synchronous) orbits, and can provide information
with higher spatial resolution. The whole surface
of the Earth is then observed twice a day. More
than one polar satellite, with different equatorial
crossing times, is required for more frequent
observations.

Geostationary satellites (GEO) are in the
equatorial plane at an altitude of about 36,000
kilometres . above Earth and have the same
revolution time as the Earth itself and therefore

changing phenomena like clouds and water
vapour. The disadvantage of the geostationary
orbit is the far distance from the
surface/atmosphere system which puts stringent
requirements on the signal-to-noise performance
of the instruments.

EUMETSAT contributes to the global space-
based observing system coordinated under
CGMS (Coordination Group for Meteorological
Satellites) and WMO (World Meteorological
Organisation) with both types of meteorological
satellites namely the Meteosat series in

_ geostationary orbit and the Metop satellites in a

sun-synchronous polar orbit with an Equator



crossing time at 0930LST (Local Solar
Time)(descending clock).

2. FIRST GENERATION OF METEOSAT

The main instrument is a multispectral
radiometer, which provided and still provides
image data in three spectral bands:

- 0'5-009 pm visible band, 57 - 71 um
infrared water vapour (WV) absorption band,
10-5-12°5 pm thermal infrared window (IR)
band. .

Currently Meteosat-7 provides an operational
service at 57° E over the Indian Ocean.

3. METEOSAT SECOND GENERATION
(MSG) ,

Like the first Meteosat series the MSG
satellites are spin-stabilized, however, capable of
greatly enhanced FEarth observations. The
satellite’s 12-channel imager, known as the
spinning enhanced visible and infrared imager
(SEVIRI), observes the full disk of the Earth with
an unprecedented repeat cycle of 15 minutes in
12 spectral channels and improved spatial
resolution (see Table 1). Meteosat-8 was
launched in 2002 and Meteosat-9 followed in
December 2005.

The MSG programme consists of a series of
four identical satellites, expected to provide
observations and services over at least 15 years.
Each satellite has an operating lifetime of seven
years. As with the first Meteosat system, the new
generation, starting with Meteosat-8, is a dual-
satellite service, with- one additional satellite in
orbit, primarily as back-up and useful for rapid
scanning, i.e. for limited latitudinal scan with a
shorter repeat cycle.

3.1. Earth imaging with the second
generation of Meteosat

The primary mission of the second-
generation Meteosat satellites is the continuous
observation of the Earth’s full disk with a multi-
spectral imager. The repeat cycle of 15 minutes
for full-disk imaging provides multi-spectral
observations of rapidly changing phenomena
such as deep convection. It also provides for
better retrieval of wind fields, which are obtained
. from the tracking of clouds and water vapour
features and gives unprecedented capabilities to

Spectral Characteristics of
Clﬁnnel Band Spectral Band (pm)
0.
(um) for Meteosat-8

)\'cen }\'min kmax

1 VIS0.6 0.635 | 0.56 | 0.71

1 VISO0.8 0.81 0.74 | 0.88

NIR1.6 1.64 1.50 1.78

IR3.9 3.90 348 | 4.36

W B W N

IR6.2 6.25 5.35 7.15

6 |IR7.3 7.35 6.85 | 7.85

7 IR8.7 8.70 830 |91

8 IR9.7 9.66 938 |9.94

9 | IRI0.8 | 1080 |9.80 |11.80

10 IR12.0 12.00 | 11:00 | 13.00

11 IR13.4 . [ 13.40 | 12.40 | 1440

Broadband (0.4 — 1.1
12 HRV pm)

Table 1: Spectral characteristics of the spinning
enhanced visible and infrared imager (SEVIRI)
on Meteosat-8 in terms of central, minimum and
maximum wavelength of the channels .

The imaging is performed by utilizing the
combination of satellite rotation and scan mirror
stepping.. The images are taken from south to
north and east to west. The eight thermal IR and
three solar channels have a sampling distance of
three kilometers at nadir and scan the full disk of
the Earth. The high-resolution visible channel
provides images with one kilometer sampling at
nadir. Data rate limitations confine the high-
resolution visible images to half the Earth in an
east-west direction; however, the exact coverage
of the Earth is programmable. The SEVIRI data
have a 10-bit digitization and the radiometric
performance of Meteosat-8 (see Schmetz et al.,
2002) is excellent and exceeds the specification
by far.

detect preconvective instability and the change of

. . o As an additional scientific payload, MSG
cloud microphysics with time.

satellites carry a geostationary Earth radiation budget
(GERB) instrument (Harries et al., 2005) that



observes the broadband thermal infrared and solar
radiances exiting the Earth’s atmosphere. GERB
makes accurate measurements of the shortwave and
longwave components of the radiation budget at the
top of the atmosphere. GERB data are of interest for
climatological studies and also for comparison with
and validation of weather forecast models (Allan et
al., 2005).
3.2. Products from Meteosat Second Generation
The application of the second generation of
Meteosat satellites ranges from nowcasting and short-
term forecasting to numerical weather prediction and
climatological studies. Continuity for meteorological
products from the first generation satellites is
provided through products centrally derived at
EUMETSAT. Those include inter alia atmospheric
motion vectors (AMVs), cloud analysis (Lutz, 2000),
and atmospheric humidity. In addition there are novel
products such as atmospheric instability (K6nig and
de Coning, 2009) and total ozone derived over the
entire MSG field of view.

The instability monitoring as an important novel
application is described here in some more detail:
Convective  systems =~ often  develop in
thermodynamically unstable airmasses. As the
convective systems have the potential to develop into
severe storms, it is of high interest to identify the
storm potential while the system is still in"a pre-
convective state. A number of instability indices have
been defined to describe such situations.
Traditionally, these indices are taken from
temperature and humidity soundings by radiosondes.
As radiosondes have only of very limited temporal
and spatial availability there is a demand for satellite-
derived indices. The GII product consists of a set of
indices which describe the layer stability of the
atmosphere. It comprises four classic instability
indices: 1) the Lifted Index, ii) the K Index, iii) the
KO Index, iv) the Maximum Buoyancy Index. The
total precipitable water is added as a fifth index
describing the airmass.

The retrieval of these parameters from satellite data is
only possible under cloud-free conditions. Figure 1
depicts the Global Instability Index (GII) derived
over Europe for 30 July 2006. It is an example of the
Lifted Index, retrieved over 3x3 pixel areas, where
negative values are indicative of potential instability.
The region over central eastern Europe was on this
particular day characterised by an unstable airmass,
shown in yellow and red colours. White areas are
clouds or the region outside the processing area.

Figure 1: Lifted index computed from Meteosat-8
radiances for 30 July 2006 at 1200 UTC over central,
Eastern Europe. Yellow and red indicates areas with
instable airmass.

Figure 2: Meteosat-8 channel 9 images
corresponding to the area in Figure 1. Left panel
at 1200 UTC and right panel at 1800 UTC when
strong convective system had formed.

Figure 2 is the IR window image at 1200 UTC (left
panel) and at 1800 UTC (right panel), respectively.
The midday image is basically cloud-free in the
regions that are indicated as unstable in Figure 1. In
the late afternoon at 1800 UTC we observe a strong
storm activity. This example nicely depicts a case
where instability indices, as they are derived in the
GII product, are useful to anticipate the onset of
strong convection.
Winds in terms of atmospheric motion vectors
(AMVs) are the most important product from
geostationary satellites for Numerical Weather
Prediction (NWP) models. They are generated
operationally by all of the operators of
geostationary meteorological satellites. The



method of deriving a wind vector is in principle
quite simple (e.g. Schmetz et al., 1993): cloud or
water vapour features are tracked from one image
to the next, thereby measuring a displacement
vector: Assuming that the displacement vector
represents a wind and assigning the vector to the
correct height, one obtains a wind vector. The
basic technique can be applied to clouds in both
infrared and visible satellite imagery, as well as
to other tracers, such as the patterns of
atmospheric water vapour. Quite difficult is the
height assignment of the displacement vectors,
which often necessitates multispectral techniques
(Nieman et al., 1993). And last but not least
quality control is essential in order to produce
good AMV products (Holmlund. 1998).

Figure 3: Example of an Atmospheric Motion
Vector (AMV) product from Meteosat-8 for 23
February 2003. Different colours correspond to
different altitudes.

4. THE EUMETSAT POLAR SYSTEM
(EPS)/METOP

4.1. Overview

The first satellite of the EUMETSAT Polar
System (EPS), called Metop series, was launched
in October 2006. Metop-A provides advanced
observations of temperature and humidity
profiles, wind, ozone and other trace gases. The
instrumentation of Metop is a judicious balance
between continuity of known instruments and
novel observations, notably the hyperspectral

thermal infrared - observations with an
interferometer and radio occultation
measurements. Metop satellites are also the
European contribution to the space-based global

_ observing system and to the joint European/US

operational polar satellite system. Metop covers
the mid-morning (9:30) orbit, whereas the US
continues to cover the afternoon orbit. The three
Metop satellites are expected to provide services
for at least fourteen years. A detailed description
is provided by Klaes et al. (2007).

With eight instruments taking observations
of the earth-atmosphere system, Metop provides
both continuity to previous operational
measurements and also progress through data
from novel instruments. AVHRR (Advanced
Very High Resolution Radiometer), and the
Advanced TIROS (Television and Infrared
Operational Satellite) Operational Vertical
Sounder (ATOVS) package, composed of HIRS-
4 (High Resolution Infrared Radiation Sounder),
AMSU-A (Advanced Microwave Sounding Unit
- A) and MHS (Microwave Humidity Sounder).
MHS is a EUMETSAT development and
replaced the AMSU-B instrument in the ATOVS
suite, while NOAA provides the AMSU-A,
HIRS/4 and AVHRR instruments. MHS is
already in space since the launch of NOAA-18 in
May 2005.

The IASI (Infrared Atmospheric Sounding
Interferometer) instrument is novel technology,
developed by CNES, and introduces
hyperspectral resolution sounding capabilities in
the infrared (Hébert et al., 2004).

Some payload components have been developed
from the heritage of proven research missions of
the European Space Agency (ESA). One of these
components is GOME-2 (Global Ozone
Monitoring Experiment, Callies et al., 2000)
building on the heritage of GOME-1, another one
is the ASCAT (Advanced Scatterometer,
Gelsthorpe et al., 2000), which draws on the ERS
active microwave instrument (AMI) heritage.

The impact of radio-occultation measurements
like GRAS (GNSS Receiver for Atmospheric
Sounding, von Engeln et al., 2009), has been
successfully demonstrated through impact studies
in Numerical Weather Prediction (Healy, 2008).

4.2. ATOVS

Continuity is an important aspect to
operational services. For nearly two decades the
information on temperature and. humidity
soundings and surface information (including



clouds) for numerical weather prediction and
other applications, has been provided by the
ATOVS suite supported by the AVHRR imager
for both morning and afternoon missions, on the
NOAA satellites. The instrument suite is common
to the two components of the Initial Joint Polar
System (IJPS), i.e. Metop-A and the future
Metop-B (AM satellites) and NOAA-18 and the
NOAA-19 (PM satellites). It consists of four

instruments, three of which are provided by

NOAA. ;

i) the High Resolution Infrared Radiation
Sounder (HIRS/4) measures temperature and
humidity of the global atmosphere in cloud-free
or partly cloudy conditions and is or will be on
Metop-A and -B. HIRS/4 is a filter-wheel
radiometer, which measures radiances in 19
infrared channels, and one additional channel in
the visible. An important improvement to HIRS/4
is the 10 km IFOV (Instantaneous Field of View)
in contrast to the 20 km IFOV of the previous
HIRS version.

ii) The Advanced Microwave Sounding
Unit-A (AMSU-A) measures the temperature of
the global atmosphere in nearly all weather
conditions. AMSU-A provides microwave
atmospheric measurements in 15 channels
between 23.8 GHz and 89 GHz mainly for
temperature sounding.

iii) The Microwave Humidity Sounder
(MHS) provides atmospheric measurements in
five microwave channels for humidity
measurements. MHS has been developed under
EUMETSAT responsibility and replaces the
previous generation AMSU-B microwave
humidity sounder. MHS has been flying on
NOAA-18 — and NOAA-19 which are the first
components of the IJPS (Initial Joint Polar
System) in space - since May 2005 and February
2009 respectively.

iv) The Advanced Very High Resolution
Radiometer (AVHRR/3) is a six channel imager
and provides globally visible, near infrared and
infrared imagery of clouds, the ocean and land
surface. The AVHRR data on Metop are provided
globally at the full resolution, i.e.1.1 km at nadir.

4.3. JIASI

The Infrared Atmospheric Sounding
Interferometer (IASI) introduces a new
technology to operational satellite observation.
The purpose of IASI to measure temperature,
water vapour and trace gases at a global scale.
The measurement principle is based on

Michelson interferometry  providing 8461
spectral channels, aligned in three bands between
3.62 um (2760 cm™) and 15.5 pm (645 cm™"). The
unapodised resolution is between 0.3 and 0.4 cm’
!, with a spectral sampling of 0.25 cm™. IASI
samples the earth-atmosphere system with
instantaneous fields of views (IFOV) of 12 km at
nadir and a sampling distance around 25 km.
Included in the IASI instrument is an Integrated
Imaging System (IIS). It is used to provide the
Earth location of the IASI pixels at 1 km
accuracy through co-registration with the
AVHRR pixels during the Level 1 processing.
The mapped AVHRR information is used to
classify inhomogeneous IASI scenes (Phillips and
Schliissel, 2005) and to determine the cloud
coverage within a IASI pixel. The IIS is a
broadband radiometer sensitive between 10 and
12 pm.

IASI data is used in synergy with the
microwave sounding instruments to which the
scan is synchronized. Products include, besides
Level 1 radiance spectra, vertical profiles of
temperature, humidity and ozone at global scale.
The accuracy is of the order of 1 K per 1 km layer
for temperature and about 15% for humidity
(Schliissel and Goldberg, 2002) which can be
achieved throughout most of the troposphere and
lower stratosphere, however it is currently
difficult to obtain closer to the surface. Important
is that IASI radiances do provide the higher
vertical resolution required by global NWP. In
addition, greenhouse gases such as ozone, nitrous
oxide, carbon dioxide, and methane are retrieved
and contribute to environmental change
monitoring (e.g. Turquety et al., 2004).
Furthermore surface temperature, surface
emissivity, and cloud characteristics are retrieved
from IASI data. Figure 4 shows the high-
resolution spectra in terms of equivalent
brightness temperature from the IASI
hyperspectral sounder for tropical (red), mid
latitude (green) and a cold arctic (blue)
atmospheres, respectively. Measurements at such
high spectral resolution (8461 channels) provide
the basis for resolving the vertical structure of
temperature and humidity in an unprecedented
way and also offer unique opportunities for

climate monitoring. The impact of IASI on

Numerical Weather Prediction (NWP) is very
positive. In fact recent work at ECMWF has
shown the outstanding importance of the
microwave and hyperspectral infrared soundings
(i.e. from IASI) on the numerical forecasts.



Furthermore IASI, together with the AIRS
instrument of NASA, is a reference instrument
for the operational satellite inter-calibration
pursued in the WMO-led Global Space-based
Satellite Intercalibration System (GSICS); for
details see: http://gsics.wmo.int/

800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Wavenumber (cm™)

Figure 4: Spectra in terms of equivalent
brightness temperature from the IASI
hyperspectral sounder for tropical (red), mid
latitude (green) and a cold arctic blue)
atmospheres, respectively.

4.4. ASCAT and GOME-2

" Two instruments on Metop have a heritage
to missions on the ESA Earth Remote Sensing
(ERS) Satellites, namely the Advanced
Scatterometer (ASCAT) and the Global Ozone
Monitoring Experiment (GOME-2).

i) The Advanced Scatterometer (ASCAT)
provides near-surface wind speed and direction
over the global oceans. ASCAT is areal aperture,
vertically polarized C-band radar. ASCAT
doubles the coverage of the surface (compared to
the earlier instrument on ERS) with two swaths of
measurements, one on each side of the sub-
satellite track.

Six ASCAT antennas illuminate the surface
sequentially with pulses at a carrier frequency of
5.225 GHz. The backscatter signal is measured to
determine the Bragg scattering from the sea
surface. Wind speed and direction are estimated
using a model, which relates them to the

normalised radar backscattering cross section
(c0). The data are collected from three azimuth
angles (45, 90 and 135 °) across both of the 550-
km wide swaths on both sides of the nadir track.
ASCAT provides ocean surface winds at 50 km
resolution over a 25 x 25 km? grid along and
across both swaths. In addition a high-resolution
wind product is generated at 25-km horizontal
resolution on a 12.5 x 12.5 km? grid.

i1) Global Ozone Monitoring Experiment
(GOME-2) provides the possibility to monitor the
Ozone total column and profiles and components
related to Ozone chemistry in the Earth’s
atmosphere. The instrument on Metop profits
from experience gained over many years of
observation and data analysis with the GOME-1
instrument on ERS-2. GOME-2 has an increased
spatial sampling of 80 x 40 km? , an increased
Earth coverage due to increased swath width
(1920 km), improved polarisation measurements
(12 bands), enhanced on-board calibration
through added white light source and increased
spectral sampling.

GOME-2 measures the backscattered
UV-VIS radiation in four band between 240 and
790 nm, at a spectral resolution between 0.25 and
0.5 nm. The accuracy of Ozone total column and
profiles is better than 5 % and 15 % above 30 hPa
respectively and better than 50 % below 30 hPa
respectively. The objective is 3 % for columns
and 10 % for profiles at all levels. Additional
intended products are vertical columns of BrO,
0OCIO, NO, and SO,, which can be retrieved with
accuracies better than 20 %.

4.5 GNSS Receiver for Atmospheric
Sounding (GRAS)

- GRAS measures the temperature of the
upper troposphere and in the stratosphere with
high vertical resolution in all weather conditions
and potentially measures humidity in the
troposphere (Klaes et al., 2007, von Engeln et al.,
2009). GRAS makes use of the GPS (Global
Positioning System) satellite constellation. An
occultation occurs for GRAS whenever a GPS
satellite rises or sets over the horizon as observed
by Metop and the ray path from its transmitter
traverses the Earth’s atmospheric limb. The
bending angle attributable to this ray contains
information on the refractivity and thereby on
temperature and humidity. With more than 30
GPS satellites, the GRAS instrument observes
over 600 occultations per day, distributed quite



uniformly over the globe.

5. CONCLUDING REMARKS

Seven Meteosat’s of the first generation
provided and still provide operational services
since 1977, imaging the full disk of the Earth
every 30 minutes in three spectral bands. With
Meteosat-8 a new series of geostationary
satellites has started. Meteosat-9 is now the prime
MSG satellite. MSG satellites now offer a wealth
of new observational capabilities: The
multispectral imaging and the high temporal
repeat cycle benefit weather forecasting and will
improve severe weather warning. Significant
benefits come through the assimilation of
products in numerical weather models and
through improved Nowcasting applications (e.g.
Menzel et al., 1998). Four Meteosat satellites of
the second generation are foreseen to cover
operational services until 2016 and beyond. Then
the first Meteosat third generation satellite is
expected to be launched.
The EUMETSAT Polar System (EPS) with the
Metop satellites, developed jointly with the
European Space Agency (ESA) and CNES, and
had its first launch in October 2006. It
establishes the European contribution to the
global polar meteorological space observing
capabilities. The Metop satellites form together
with the NOAA (and in the future the NPOESS
(National Polar Orbiting Environmental Satellite
System)) satellites a joint polar system, with.
Metop serving the morning orbit around 0930h
and the US satellites the 1330h Equator crossing
time. Metop provides on the one hand continuity
to current systems, through continuation of the
proven ATOVS instrument suite and the AVHRR
imager, on the other hand it includes novel
capabilities, like TASI which provides high
spectral resolution sounding and radiances very
beneficial to NWP. Furthermore IAST has a high
potential for climate monitoring because of its
high spectral resolution, good calibration and
good instrument characterisation; it is also a
reference instrument for GSICS (Global Space-
Based Intercalibration System). Instruments with
heritage from ESA Earth observation missions
(ASCAT and GOME-2) are utilised operationally
and provide sea surface winds and soil moisture
and ozone, aerosol and trace gas products,
respectively. With GRAS the radio occultation
principle is introduced for the first time into an
operational satellite system and demonstrates the
capability to provide high quality soundings in

near real time from radiooccultation (von Engeln
et al., 2009).The Metop satellites will provide
more than 15 years of operations. They assure
long-term and consistent observations that
provide a sustained basis for improved utilization
in NWP. Furthermore it is a key element for a
sustained global climate-monitoring from
satellite.

For details on instruments and general
information the reader is referred to:
www.eumetsat.int

6. REFERENCES

1) Allan R. P., A. Slingo, S.F. Milton and I.
Culverwell 2005: Exploitation of Geostationary
Earth Radiation Budget data using simulations
from a numerical weather prediction model:
Methodology and data validation. J. Geo. Res.,
110, D14111, doi: 10.1029/2004JD005698

2) Harries J.E. et al. 2005: The Geostationary
Earth Radiation Budget Project. Bull. Am.
Meteorol. Soc., 86, 945-960 B

3) Healy S.B., 2008: Forecast impact
experiment with a constellation of GPS radio
occultation receivers. Atmospheric Science
Letters, 9: 111-118, 2008.

4) Hébert, P., D. Blumstein, C. Buil, T. Carlier,
G. Chalon, P. Astruc, A. Clauss, D. Siméoni, B.
Tournier, 2004: IASI Instrument: Technical
description and Measured Performances.
Proceedings of the 5™ International Conference
on Space Optics (ICSO 2004), 30March —2 April
2004, Toulouse, 49 - 56.

5) Holmlund, K., 1998: The utilization of
statistical properties of satellite-derived
atmospheric motion vectors to derive quality
indicators. Wea. and Forecasting. 13, 1093
-1104.

6) Klaes, K. D., M. Cohen, Y. Buhler, P.
Schliissel, R.Munro, J-P Luntama, A.von Engeln,
E.O Clérigh, H. Bonekamp, J. Ackermann, J.
Schmetz, 2007: An Introduction to the
EUMETSAT Polar System (EPS/Metop). Bull.
Amer. Met. Soc. Vol.88, No.7.

7) Kénig, M., E. de Coning, 2009: The MSG
Global Instability Indices Product and Its Use as
a Nowcasting Tool. Amer. Met. Soc. Vol. 24,
DOI:10.1175/2008WAF2222141.1

8) Lutz, H-J., 2000. Cloud Processing for
Meteosat Second Generation. EUMETSAT
Technical Memorandum No. 4

9) Menzel, J. M., F. C. Holt, T. J. Schmit, R. M.
Aune, A. J. Schreiner, and D. G. Gray, 1998:
Application of GOES-8/9 soundings to weather

-1 -



forecasting and nowcasting. Bull. Amer. Meteor.
Soc., 79, 2059-2077.
10) Nieman, S., J. Schmetz and W.P. Menzel,
1993: A comparison of several techniques to
assign heights to cloud tracers. J. Appl.
Meteorology, 1559 - 1568.
11) Phillips, P. and P. Schliissel, 2005:
Classification of IASI inhomogeneous scenes
using co-located AVHRR data. Proceedings
SPIE the International Society for Optical -
Engineering.  Remote Sensing of Clouds and
the atmosphere X Vol. 5979, pp 29-41.
12) Schliissel, P. and M. Goldberg, 2002:
Retrieval of Atmospheric Temperature and
Water Vapour from IASI Measurements in
partly cloudy situations. Adv. Space Res., Vol.
29, No. 11, 1703 — 2706. ;
13) Schmetz, J., K. Holmlund, J. Hoffman, B.
Strauss, B. Mason, V. Gaertner, A. Koch and L.
van de Berg, 1993: Operational cloud motion
winds from METEOSAT infrared images, J.
Appl. Meteorology, 32, 1206 - 1225.

14) Schmetz, J., P. Pili, S.A. Tjemkes, D. Just J.
Kerkmann, S. Rota-and A. Ratier, 2002: An
Introduction to Meteosat Second Generation
(MSG), Bull. Amer. Meteor. Soc., 83, 977-992
15) Turquety, S. Hadji-Lazaro, J. Clerbaux, C.
Hauglustaine, D. A. Clough, S. A. Cassé, V.
Schliissel, P. Megie, G. 2004: Operational trace
gas retrieval algorithm for the Infrared
Atmospheric Sounding Interferometer. Journal of
Geophysical Research Vol. 109 No. 21 pp.
D21301

16) vonEngeln, A.., S. Healy, C. Marquardt, Y.
Andres and F. Sancho, 2009: Geophysical
Research Let., Vol. 36,
DOI:10.1029/2009GL039968



Achievement of CEReS Research Projects

Project 1

Subject:
Monitoring and analysis of global surface environmental changes by satellite data

Members:
Ryutaro Tateishi, Akihiko Kondoh, Atsushi Higuchi, Chiharu Hongo, and Fumihiko Nishio

Objective of the project:

The final obJectrve of this project ist o understa ndt he present situ ation a nd ¢ hanges of global surface
environment. The project consists of the following three parts. The first part is to produce global/local datasets of
land cover, percent tree cover, snow/ice distribution from satellite data to know the present surface environment.
The second p artis to ex tract global surface changes by detecting vegetation ch anges fr om global 20-30 year
satellite data and by analyzing it with climate d ata. The third part is to analyze detail en vironmental ch anges
considering natural and human factors in Landsat scene scale of the test sites of East Asia.

Summary of Achievement

A new calibration method for global time series AVHRR data were developed, and user-friendly global MODIS
data were published. Global land cover and percent tree cover data were completed and published with reference
data. New fi ndings were o btained by the analysis of global/continental v egetation changes as wellasb ythe
analysis of rice crop and meteorological conditions.

Details of Achievement
Achievement 1: . Preprocessing of global satellite data
1-1 Re-calibration of NOAA/AVHRR over Land "

NOAA/NASA Pathfinder AVHRR Land (PAL) is one of popular products for global vegetation monitoring.
We reconsidered the radiometric re-calibration method of PAL as a function of the days after lunch for each
spacecraft (NOAA-7, -9, -11, -14). After the re- -calibration, it was confirmed that PAL data overestimated NDVI
value in the period of NOAA 11.

1-2 Production of global MODIS data of 2003

User-friendly new global MODIS data observed in 2003 were produced The source data are MOD43B4
NBAR, which are 16-day composite, 7-band, 1-km, 10-degree tile data. Cloud pixels in this source MODIS data
observed in 2003 were removed by temporal interpolation. The cloud free MODIS data were reprojected into a
latitude/longitude coordinate system, and mosaicked to produce data of five continents (Eurasia, North America,
South America, Africa, and Oceania) and three island regions. The final MODIS products are available from
http://www.cr.chiba-u.jp/databaseGGLhtm (GG-5).

Achievement 2: Production of global land cover data
2-1 Global land cover >

A new 1-km global land cover data were produced using the above MODIS 2003 data. This land cover product
was produced as a part of Global Mapping project. The product is called Global Land Cover by National Mapping
Organizations (GLCNMO). It has 20 land cover classes defined using the Land Cover Classification System
(LCCS). The overall accuracy with the weight of the mapped area coverage is 72.1%. The land cover product is
available from http://www.cr.chiba-u.jp/databaseGGLhtm (GG-6).

Furthermore, training data used in this project are available from the same site (GG-7),
and existing regional/national land cover maps used as references in this project are available from (GG-8).
2-2 Global percent tree cover ¥

A new 1-km global percent tree cover data were produced using the above MODIS 2003 data. This product
was produced as a part of Global Mapping project. The global percent tree cover product is available from
http://www.cr.chiba-u.jp/database GGLhtm (GG-9).

Achievement 3: Findings in global/continental vegetation changes
3-1 Global vegetation changes by PAL datasets > %

Decadal accumulation of Satellite Products such as PAL enables the extraction of inter-annual variation of
vegetation status over the globe. Changes are explained by both climatic-driven and human-driven factors.
3-2 Vegetationl changes in Siberian-ecotone ”

Long-term satellite observations of Siberian-ecotone between tundra and boreal forest detect increasing trend
of annual maximum NDVI, which may be the new signal of ecosystem change caused by global warming.
3-3 Global possible land cover changes by 1981-2000 AVHRR data ¥

Possible land cover changed areas were mapped globally using 1981-2000 AVHRR data from the view point of




vegetation increase/decrease in time series AVHRR NDVI.
3-4 Regional differences in a surface temperature/vegetation index (TVX) matrix derived from AVHRR
data”

The combined analys1s of a_surface temperature and vegetation index both derlved from NOAA/AVHRR were
conducted over monsoon Asia. Over the Tibetan Plateau, two unique envelope TVX slopes can be found. The
reason for two slopes is mainly due to the energy consumption in the melting layer.

Achievemnt 4: Cloud and precipitation system climatology revealed by TRMM and related space-borne
10), 11)
sensors
We mainly analyzed a ten years TRMM sensors (PR, TMI, VIRS) to focus on the spatlal and seasonal features
of clouds/precipitation. In the global scale, a half of captured images are covered by clouds. However, regional
characteristics of cloud/precipitation are larger than amplitude of seasonal cycles in cloud/precipitation.

Achievement 5: Analysis of the relationships between meteorological elements and rice crop situation index
12), 13)

An analysis of rice crop situation index and metebrological data of 50 years in the past shows that the rice crop
situation index in the North Japan was affected by the cumulative temperature, and that the index of the
southward from Tohoku tended to be affected by the sunshine duration. In the EL Nino and the La Nina year,
except for Hokkaido, the index was affected by the sunshine duration than the cumulative temperature.
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be submitted).
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Monitoring and analysis of global surface environmental changes by satellite data
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Abstract

The Project 1 of the CEReS research project aims to understand the present situation and changes of global
surface environment. This project is an integrated project of several sub-projects. This paper describes a
framework of the Project 1 and its achievements which include Re-calibration of NOAA/AVHRR over Land,
Production of global MODIS data of 2003, Global land cover, Global percent tree cover and Behavior of a surface
temperature/vegetation index (TVX) matrix derived from 10-day composite AVHRR images over monsoon Asia.

Keywords : 1and cover, percent tree cover, AVHRR, MODIS

1. Introduction (Framework of Project 1)

For the final goal of understanding global change, the
Project 1 consists of the following three parts. The first part is to
produce global/local datasets of land cover, percent tree covetr,
snow/ice distribution from satellite data to know the present
surface environment. The second part is to extract global surface
changes by detecting vegetation changes from global 20-30 year
satellite data and by analyzing it with climate data. The third part
is to analyze detail environmental changes considering natural
and human factors in local scale of the test sites of East Asia.

Satellite Data

(0) Preprocessing

Fig. 1 shows overall concept of the Project 1. In order to
obtain global surface information, preprocessing of global
satellite data is prerequisite. In this project two preprocessing
has been completed. One is post-launch calibration of
Pathfinder AVHRR Land (PAL) data. The other one is cloud
removal of MODIS 16-day composite data.

In the step of “Mapping current environment”, land cover
and percent tree cover has been completed.

In the step of “Change/trend analysis,” global/continental
vegetation changes have been found”>.

(1)Mapping current environment  Exisiting data

Surface temp.

Precipitaiton

Air temp.

Snow

/

IIBIS [BJUSULIUO)/[RGO[D)

(2)Change/Trend Analysis

(4)Understanding of
Global Change

a1eos [BI07]

Site 1 | ! Site2 | |Site3

i Site n

Fig.1 Framework of Project 1



The environmental analysis of local scale focused on
“analysis on change of land cover/vegetation and
climate/human impacts” is closely related with the Project 4
of CEReS research projects, these are reported in the
Achievement of Project 4.

2. Re-calibration of NOAA/AVHRR over Land”

Long-term datasets derived by satellite observations are
important for terrestrial studies. The longest records are daily
daytime observations by the Advanced Very High
Resolution Radiometers (AVHRRs) carried on NOAA
spacecrafts. However, NOAA/AVHRR data are affected by
spacecraft orbital delay (SOD). To address these effects, the
Pathfinder AVHRR over Land (PAL) data have been
derived from NOAA/AVHRR data using a time-dependent
calibration method. This study examined the effect of
time-dependent calibration on PAL and proposes a
recalibration approach using optical channels. To evaluate
the calibration effect, daily PAL (Daily-PAL) data were used,
with bright clouds sampled as a white reference. The time
series from clouds samples showed increasing trends in the
visible channels of NOAA-14 and in the near-infrared
channels of NOAA-9, -11, and -14. To recalibrate these data,
the proposed time-dependent recalibration formula was used.
To assess the effect of the recalibration process on the
estimated normalized difference vegetation index (NDVI),
annual mean global maps were created for the periods of
NOAA-11 and NOAA-14. For NOAA-11, the global mean
differences of the original and recalibrated NDVI in 1989
and 1992 were -0.003762 and -0.016555, respectively. On
the other hand, no significant effect of recalibration was
confirmed in the NDVI for NOAA-14. For the NOAA-14
period, improving the quality of related parameters is
important for improving the dataset. '

3. Production of global MODIS data of 2003

Global MODIS data observed in 2003 were preprocessed
for wide use of global environmental stidies. The source
MODIS data are of the MODIS/TERRA Nadir
BRDF-Adjusted Reflectance 16-DAY L3 Global 1 KM SIN
Grid Product (MOD43B4 NBAR). These are 16-day
composite, 7-band, 1-km, 10-degree tile data. The source
MODIS data were reprojected into a latitude/longitude
coordinate system, and mosaicked to produce data of five
continents (Eurasia, North America, South America, Africa,
and Oceania) and three island regions, as presented in Fig. 2.
Mosaicking and reprojection were done using MODIS
Reprojection Tool (MRT) software. Geometric accuracy

after mosaicking is 141277 m in RMSE for the east-west
direction or north-south direction in each continent when
compared with Landsat images from GLCF from the
University of Maryland as a correct location.
Cloud-contaminated pixels were replaced through linear
interpolation of two cloud-free pixels before and after the
cloud pixel in cases where the cloud-contaminated period is
equal or less than six 16-day periods. The cloud-
contaminated pixel was replaced by the average of 2002 and
2004 MODIS data at the same location and the same time of
the year if it is more than six 16-day periods. The processed
MODIS data is available from from the CEReS website
(http://www.cr.chiba-u.jp/databaseGGLhtm [GG-5]).
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Fig.2 Regions of continental MODIS data

4. Global land cover

A 1-km global land cover dataset—Global Land Cover by
National Mapping Organizations (GLCNMO)—was
produced, as shown in Fig.3, both as the Project 1 of CEReS
research project and as a part of Global Mapping project
organized by the International Steering Committee for
Global Mapping (ISCGM). It has 20 land cover classes
defined using the Land Cover Classification System (LCCS).
Of them, " 14 classes were derived using supervised
classification. The remaining six were classified
independently: Urban, Tree Open, Mangrove, Wetland,
Snow/Ice, and Water. Primary source data of this land cover
mapping were eight periods of 16-day composite 7-band
1-km MODIS data of 2003. Training data for supervised
classification were collected using Landsat images, MODIS
NDVI seasonal change pattems, and comments from
National Mapping Organizations with reference to Google
Earth, Virtual Earth, and existing regional maps. The overall
accuracy with the weight of the mapped area coverage is
81.2%, assessed using global 600 points collected through
stratified random sampling. The data are available from the
Global Mapping project website (http://www.iscgm.org/) or
from the CEReS website (http://www.cr.chiba-u.jp/database




GGLhtm [GG-6]). The MODIS data used, land cover
training data, and a list of existing regional maps are also
available from the CEReS website. This mapping attempt
demonstrates that training/validation data accumulation from
different mapping projects must be promoted to support
future global land cover mapping,

Fig3 Global land cover - GLCNMO

5. Global percent tree cover

A 1-km global percent tree cover dataset was produced by
the same project framework as the global land cover
—GLCNMO, as shown in Fig. 4. It was produced from
MODIS data of 2003 by the authors using decision tree
method. Training data of the percent tree cover were
collected globally from 221 sites with various land cover
types. In fact, 68 sites are from pan-sharpened QuickBird
images; 153 sites are from Google Earth images. Decision
rules were obtained using MODIS predictor variables and
training data using Cubist tool, a commercial regression tree
program. Estimates of the percent tree cover from MODIS
data were done using an NLCD mapping tool developed for
a national land cover project of the United States Geological
Survey (USGS). The produced data are available from the
Global Mapping project website (http://www.iscgm.org/) or
from the CEReS website
(http:/www.cr.chiba-u.jp/databaseGGI. htm [GG-9]).

100%
Fig.4 Global percent tree cover
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5. The behavior of a surface temperature/vegetation
index (TVX) matrix derived from 10-day composite
AVHRR images over monsoon Asia”

This study focuses on a Temperature/Vegetation
Index (TVX) matrix that combines surface
temperature (Ts) and a normalized difference
vegetation index (NDVI). The results of our study
show the behavior of the TVX matrix on continental
scales. The study domain includes eastern Eurasia
and monsoon Asia-regions with great variability in
land-surface conditions. The data used included a
10-day composite Advanced Very High Resolution
Radiometer (AVHRR) dataset compiled by the US
Geological Survey (USGS). The relaxation in the
determination algorithm for TVX slope (an upper
envelope line in a TVX matrix box) was conducted to
obtain both the negative and positive slope. The
TVX slope can be derived from previous studies as
the monsoon advanced and retreated over the
tropics. However, over the Tibetan Plateau, a time
series of the TVX slope showed an opposite sign
compared to those in previous studies (represented
by a positive TVX slope). Scatter plotting of the TVX
matrix pixel sets was conducted for the evaluation of
a variety of TVX matrix pixels. The TVX slope error
sometimes occurred over arid regions because of a
few green pixels corresponding to oases or irrigated
areas. On the Tibetan Plateau,

‘two’ TVX slopes, both negative and positive, were

- found in the scatter plot. The reason for the two

17

TVX slopes is the energy consumption in the soil,
particularly, the phase change from frozen to liquid
water (Fig.5). However, further study will be ‘
required to understand the mechanisms on the
Plateau. ‘
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Abstract

South Asia, also known as Southern Asia (Pakistan, India, Bangladesh, Bhutan, Nepal, and Sri Lanka) has
approximately one fifth of the world’s population, and it is the most densely populated geographical region in the
world. Agriculture intensification (e.g., double- and triple- crops in a year per unit cropland area, irrigation) in
South Asia plays an important role in food security, water resources, carbon cycle and climate as well as animal
health and human health. There is a need for mapping and monitoring spatial patterns and temporal dynamics of
cropping intensity in South Asia. We have recently developed a mapping algorithm that is based on the temporal
profile analysis (TPA) of vegetation indices (Normalized Differenced Vegetation Index (NDVI), Enhanced
Vegetation Index (EVI), and Land Surface Water Index (LSWTI)) for individual pixels and land cover types. The
resultant cropping intensity maps were evaluated with agricultural census data from India. The TPA algorithm is
applied to identify and map cropping intensity (double- and triple- crops in a year per unit cropland area) in South
Asia, using the MODIS 8-day Land Surface Reflectance (MODO09A1) data in 2005 as input. The MODIS-based
phenology algorithm estimates that South Asia a total area of 81.2 million ha of multiple- (including both double-
and triple-) cropping area. The resultant MODIS-derived map of multiple-cropping croplands at 500-m spatial
resolution in 2005 was compared with the state and district levels using the agricultural census data. The results of
this study demonstrate the potential of the phenology algorithm in delineating multiple cropped areas.

Keywords: vegetation indices, multiple cropping,

1. Introduction

Traditional approaches for estimating cropland area and
cropping intensity in a country are agricultural census
statistics and land survey (Frolking et al. 2006; Qiu et al.
2003). These activities are often a time-consuming and
resources-intensive process carried out by govérnmental
agencies. Moreover, these statistics are not readily available
to the public in the same calendar year.

‘Space-bome remote sensing technology provides an
alternative and independent approach for mapping cropland
area and cropping intensity in a country (Galford et al. 2008;
Wardlow and Egbert 2008; Xiao et al. 2003). Over the last
few decades satellite remote sensing has been widely used to

map croplands at local, national and global scales (Dash et al.”

2007; Frolking et al. 1999; Lobell and Asner 2004; Loveland
et al. 2000; Thenkabail et al. 2005). -

As part of the NASA Earth Observing System (EOS)
program, the  Moderate  Resolution  Imaging

Spectroradiometer (MODIS) onboard the Terra satellite has
acquired daily images of the globe since February 2000.
Recently several studies have used MODIS data to map land
cover at river basins in India, for example, the Ganges and
Indus river basin (Thenkabail et al. 2005) and the Krishna
river basin (Biggs et al. 2006). The MODIS data are also
used to generate global land cover product at 1-km spatial
resolution, including croplands (Friedl et al. 2002)..All of
these regional and global land cover data products include
the area and distribution of croplands, but they provide no
information on cropping intensity (single-, double and triple
cropping per unit of arable land).

The objective of our study is to assess the potential of
MODIS images for identifying multiple (double- and triple-)

cropping fields. India was selected as the case study area for = -

MODIS-based large-scale mapping of cropping intensity
because it has a large area of multiple cropping fields and
ground-based survey data are available for the evaluation of
MODIS-based maps. We have recently reported the resultant
map of multiple cropping in India in 2005 (Biradar et al.



2009). In this paper we apply the same mapping algorithm to
map multiple cropping in other South Asia countries
(Pakistan, Bangladesh, Bhutan, Nepal, and Sri Lanka). Our
specific obj ective is to generate an updated continental-scale
database of cropping intensity in South Asia; and the
resultant data product at moderate spatial resolution (500-m)
could be used for various analyses that address food security,
water use and management, biogeochemical cycles and
climate in South Asia.

2. Data and Methods
2.1. Description of MODIS data

Moderate Resolution Imaging Spectroradiometer (MODIS)
is an optical sensor onboard the Terra and Aqua satellites.
MODIS scans the entire Earth's surface every 1 to 2 days,
acquiring data in 36 spectral bands. Out of the 36 spectral
bands, 7 bands are designed for the study of vegetation and
land surfaces: blue (459-479 nm), green (545-565 nm), red
(620670 nm), near infrared (NIR1: 841-875 nm, NIR2:
1230-1250 nm), and shortwave infrared (SWIRI:
1628-1652 nm, SWIR2: 2105-2155 nm). Daily global
imagery is provided at spatial resolutions of 250-m (red and
NIR1) and 500-m (blue, green, NIR2, SWIR1, SWIR2). The
MODIS Land Science Team provides a suite of standard
MODIS data products to users, including the 8-day
composite MODIS  Surface Reflectance  Product
(MODO09A1). There are forty-six 8-day composites in a year,
startin‘g with Julian date of January 1 each year. The
MODO09A1 data are organized in tile fashion and freely
available to the public from the US Geological Survey
EROS Data Center (http://edc.usgs.gov).

We downloaded the MDOO9A1 datasets in 2005 from the
USGS EDC website. For each MODIS 8-day composite the

following four indices are calculated: (1) Normalized

Differential Vegetation Index (NDVI; (Tucker 1979)), (2)
" Enhanced Vegetation Index (EVL (Huete et al. 2002)),
(3) Land Surface Water Index (LSWI, (Xiao et al. 2005b))

and (4) Normalized Difference Snow Index (NDSI(Hall et al.

2002)), using surface reflectance values from the blue, green,
red, NIR1and SWIR1 bands (see equations below).

NDVI: pnir _pred
pnir +pred

to the entire country through village,

EVI =2.5% Prir = Pred
pnir +6xpred _7'5prlue +1
LSWI — pnir _pswir
pnir +pswir
NDS] — pgreen - pnir

p green + p nir

All these four indices are used in a number of large-scale
agricultural studies (Xiao et al. 2006; Xiao et al. 2005a).
Cloudy observations within a year (forty-six 8-day
composites) were identified and gap-filled, following the
procedure described in earlier studies (Xiao et al. 2006; Xiao
etal. 2005a) ’

2.2. Description of agricultural statistical and census data

Agricultural census data were not readily available for the all
South Asian countries. However, we have data for India,
which covers more than 65% of the total land area in south
Asia. Agricultural census data contain state-, district-, and
taluka- level statistics on crop sown area, irrigated and
arable land area, multiple cropping area (area sown more
than once), total cropland area, and total sown area. These
data usually collected from the village-level land records
called Patwaris (village revenue agency). The data collected
at this smallest administrative unit is aggregated (up-scaled)
community
development blocks, fafuka, district and state.

2.3. MODIS-based phenology algorithm — temporal profile
analysis approach

Seasonal dynamics of three vegetation indices were analyzed
for identifying and mapping multiple croplands (double- and
triple- croplahds)‘ Figure 1 shows seasonal dynamics of three
vegetation indices in 2004-2005 for a double cropping site in
India. For the first crop (crop-1), vegetation indices started to
increase in June, which suggests that crops were planted
when the rainy. season (Kharif) arrived, reached a peak value
in August, and then declined gradually until harvest took

. place in November. The second crop (crop-2), also called

Rabi crop, starts to plant in February and is harvested in later
April in the following year. The bimodal dynamics in
Figure 1 represents the crop cycle in February — April (Rabi),
and the crop cycle in June — early December (Kharif).



For identifying multiple cropping cycles in an image pixel,
our temporal profile analysis of vegetation indices involve
identification of lowest and highest EVI value for the first
cycle (crop-1) and then for the second cycle form the second
highest and lowest EVI values; and then repeat the procedure
of trough search for the third vegetation growth cycle trough
dates of LSWI time series (see Biradar and Xiao et al., 2009
for more details).
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Figure 1. The seasonal dynamics of the vegetation indices
form June 2004- June 2005; an example for the double
cropland site in India :
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Figure 2. The schematic diagram for regional
implementation of the phenology-based algorithm for
identifying and mapping multiple cropping croplands,
“using the 8-day MODIS land surface reflectance product
(MODO09A1), (from Biradar and Xiao, 2009, IJRS)

This computational algorithm is applied to all the individual
pixels for delineating number of cropping cycles in a year.
We assume that those pixels with two and triple vegetation

growth cycles in a year as double- and triple- cropping
croplands, respectively.

For regional implementation of the multiple-crop mapping
algorithm, we first generated masks of snow cover, clouds,
permanent water body and evergreen vegetation types
(Figure 2), using the procedures that were described in details
in a previous publication (Xiao et al., 2006). Those pixels that
were identified as permanent water body and evergreen
vegetation were excluded from analysis of multiple cropping.

3. Results

The MODIS-based phenology algorithm estimates 81.3
million ha of multiple cropping area in South Asia for the
year 2005. Figure 3 shows the spatial distribution of multiple
cropping areas (double- and triple- cropping fields) in 2005
in South Asia at 500-m spatial resolution. The multiple
cropped fields occur extensively in India, Pakistan and
Bangladesh and some extent in Sri Lanka, Myanmar, and
Nepal. Double cropping area in India, Pakistan and
Bangladesh occur largely in the floodplain and valleys of
major rivers, for example, the Ganges and Indus river basins.
India has the highest double cropped area (54.3 million ha)
followed by Pakistan (12.5 million ha), Myanmar (6.4
million ha) and Bangladesh (4.1 million ha) (Table 1).

Table 1. A summary table of multiple (double- and triple-)
cropping in South Asia countries, based on MODIS data and

agricultural census data in 2005.
Country Total Multiple Total
name geographical  cropped cultivated
area (x10° area (x10°  area (x10>
ha) ha) ha)
Bangladesh 14,757.00 4,135.35 8,429.00
Bhutan - 3,839.40 234.72 149.00
India 328,727.00 5427569  169,534.00
Maldives 29.8 0.84 12.00
Myanmar 67,657.80 6,414.87 10,611.00
Nepal 14,718.10 2,07331 2,475.00
Pakistan 80,394.00  12,533.18 22,270.00
Sri Lanka 6,561.00 1,611.20 1,916.00
516,684.10  81,279.15  215,396.00

South Asia

The MODIS-based cropping intensity was evaluated with
estimation from the national agricultural census data in India



(Biradar and Xiao 2009). The assessment results show an
acceptable accuracy and performance of the Modis based
algorithms for mapping cropping intensity. The multiple
cropping statistics were not available for comparison of the
MODIS estimates for the all south Asian nations. However,
we have statistics for India, which contribute65% of the total
multiple cropland area in South Asia. Table 2 shows the
state-level comparison of the MODIS derived estimates with
national agricultural census data. The comparison of the
multiple-cropping area at the state level between the MODIS
estimate in 2005 and the agricultural estimates in 2004/2005
shows a strong correlation (coefficient of determination
12=0.90; N=27). The accuracy assessment of the MODIS
estimates shows the 81% agreement in double cropping. The
detailed descriptions of accuracy assessment provided in the
previous publication (Biradar and Xiao 2009).
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Figure 3. The spatial distribution of multiple cropping areas
(double- and triple- crops in a year)) in the South Asia in
2005. It is derived from MODIS data in 2005 at 500-m
spatial resolution.

4. Discussion and Summary

Agriculture is one major land use and land cover of the Earth.
Because of the diverse range of natural environments and
human needs, agriculture cover estimates makes an
important contribution to the scientific community, the public,
and decision-makers. The regular assessment of the
agricultural intensification and geospatial information on
crop intensity (number of crops per year), calendar (planting

date, harvesting date), and irrigation is critically needed to
better understand the impacts of agriculture on
biogeochemical cycles (e.g., carbon, nitrogen, and trace
gases), water, and climate dynamics.

Several earlier studies used complex methods to estimate
vegetation phenology and forest cover assessment (Fried] et
al. 2002; Galford et al. 2008; Sakamoto et al. 2006). In this
study, we used a temporal profile analysis of MODIS-derive
vegetation indices (NDVI, EVI and LSWI) to identify
cropping intensity (double- and triple- cropping per year) at
individual pixels over large spatial domains.

Table 2. State-level comparison of the multiple cropping
area between the estimates from the national agricultural
census in 2004-05 and the estimates in 2005 from the

MODIS-based mapping in India.
States and Multiple Multiple
Union Territories ~ cropping area  cropping area in
in 20042005 2005 by
by Agriculttural  MODIS-based
Census (x10°  mapping
ha) (x10°ha)
Andhra Pradesh 2,191 2,257
Arunachal Pradesh 91 111
Assam 1,209 1,120
Bihar 1,827 4595
Chhattisgarh 6 277
Goa 36 9
Guyjarat 1,570 1455
Haryana 2,898 3,523
Himachal Pradesh 415 3
Jammu &
Kashmir 349 514
Jharkhand 0 53
Kamataka 2,308 632
Kerala 841 229
Madhya Pradesh 5228 8,145
Maharashtra 1,041 2339
‘Manipur 0 48
Meghalaya 46 69
Mizoram 0 58
Nagaland 71 43
Orissa 2979 458
Punjab 3583 4399
Rajasthan 4514 5,249



Sikkim 0 5
Tamil Nadu v 7R 1,804
Tripura 0 39
Uttar Pradesh 16,683 17,631
Uttaranchal 468 334
West Bengal 4,149 1977
Union Territories 43 75
Total (India) 54276 57841

This approach takes advantage of MODIS-derived time
series data (at 8-day interval) of vegetation indices that vary
seasonally and are comrelated with biophysical and
biochemical properties of vegetation and the land surface.
The spatial pattern of multiple cropped areas derived from
the MODIS images at 500-m pixel resolution (Figure 3 and
table 2) generally agrees with that of national agricultural
census data (Tablel 2; also refer (Biradar and Xiao 2009).

In summary we report a simple approach that aims to map
and monitor multiple cropping areas, using multi-temporal
MODIS image data at 500-m spatial resolution (Figure 3). In
this paper we generate geospatial datasets of cropping
intensity for South Asia in 2005 at 500-m spatial resolution.
The resultant geospatial dataset of multiple cropping area,
could be used to address many important questions relevant
to science and policy of global changes, including hydrology
(Doll and Siebert 2002), climate, and health (Gilbert et al.
2007; Gilbert et al. 2008).
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Abstract

Grasslands are an important land use and land cover in Mongolia.
99 per cent of Mongolia’s agricultural area is grasslands.

It is particularly unique that more than
Changes in this vast agricultural area have implications

not only for the country's economic future prospect but also for impact on regional environment. The use of

satellite based 8-km vegetation index time-series dataset over 20 years (1981-2000) signaled potentially

contrasting spatial patterns before and after 1990 when the country moved from planned economy to market

economy. The concentration of declining vegetation activity in the north-central region particularly after 1990

appeared to coincide with the distribution of croplands and the areas of increasing livestock density.

Keywords : grasslands, agriculture, Mongolia, vegetation trends

1. Introduction

Mongolia is the second largest landlocked country in the
world, only after Kazakhstan, situated in between Russia and
China. The country has a total area of over 1.56 million
square km and is located on a high Mongolian plateau
ranging from 900 to 1500 m in elevation. Rocky desert and
grassy semi-arid temperate steppe cover most of the land.
Forests, which are limited to the mountainous areas, cover
about 7 per cent of its entire territory.

Grasslands are an important land use and land cover in
Mongolia. It is particularly unique that more than 99 per
cent of its agricultural area is grasslands: permanent
meadows and pastures. Changes in this vast agricultural
area, totaling 1.15 million square km in aerial extent, have
implications not only for the country's economic future
prospect but also for impact on regional environment.

Herding, which has been practiced for thousands of years
still is the country’s main economic activity. Cultivation
plays a minor role in Mongolian agriculture because less than
one per cent of the land is farmable. Crops are grown in the
northern part of the country, some with the help of irrigation.
Principal crops include wheat, potatoes, barley, and oats.
The production of hay and fodder for livestock feed is also
important.

Climate is the limiting element of Mongolian agriculture.

The period of grazing, the growth and quality of cultivated

and natural plants, the timing and methods of performing
many animal and crop production tasks depend directly on
climatic and weather conditions. It has a dry continental

climate, with long cold winters and short warm summers.
Most precipitation comes during the summer's short rainy
season. Rainfall seldom exceeds 380 mm in the northern
mountains and 125 mm in the southern areas (Fig. 1).

Suttie (2005) reported that Mongolian grasslands,
although hard grazed, are still in good order. However,
there are other reports suggesting ongoing desertification by
climate change due to anthropogenic or natural causes.
This study aims to attempt to characterize the changes in
these extensive agricultural recourses both due to climatic
and anthropogenic origins, primarily using satellite-derived
spatial pattern of vegetation trends at the continental scale.

2. Data and Methods

2.1 GIMMS NDVI dataset - 7

The Global Inventory Modeling and Mapping Studies
(GIMMS) normalized difference vegetation index (NDVI)
dataset, with an 8-km resolution was used to evaluate the
time-series vegetation trends. - The Global Land Cover
Facility (GLCF). of the United States provided the dataset.
These data were originally constructed from NOAA AVHRR
measurements and was corrected for calibration, view
geometry, volcanic aerosols, and other effects not related to
actual vegetation change (Tucker ef al., 2005).

Previous efforts suggested NDVI proved best or at least
comparable among other proposed types of vegetation
indices such as soil-adjusted vegetation index (SAVI),



modified- and transformed soil-adjusted vegetation index
(MSAVI and TSAVI) for estimating the actual vegetation
condition when no location-specific soil characteristics and
vegetation densities are available (Yamamoto et al., 1997
Purevdorj et al., 1998) .

2.2 Vegetation Trend Analysis

Vegetation trend for each pixel location was calculated
using a series of maximum NDVI value for each year based
on the simple time series regression model (Fig. 2). The
process of selecting annual maximum NDVI for each pixel
disregards the seasonal timing of the NDVI values (Rowland
et al, 1996). The calculation resulted in a collection of
slopes at each location. Only pixels with statistically
significant increase or decrease (P < 0.05) were used for the
assessment of spatiotemporal pattern (Hirano ef al., 2006)
and the same approach was taken in this study. In order to
see if vegetation trends present similar or different sbatial
pattern before and after the major socioeconomic tuming
point in Mongolia, decadal trends were separately calculated
and compared.

2.3 Comparison of trend distribution with other spatial
data

Statistically significant per-pixel vegetation trends were
cross-referenced with the European Space Agency (ESA)
GlobCover Land Cover dataset: 300-m resolution land cover
data (ESA/ESA GlobCover Project, 2008), 90-m resolution
Shuttle Radar Topography Mission (SRTM) elevation
dataset (Farr ef al, 2007), and global climate layer
(WorldClim) (Hijmans et al., 2005). Ten-year-averaged
number of livestock density distribution by Province before
and after 1990 was also compared with the vegetation trends.

3. Results and Discussions

About 12 per cent of the entire Mongolian territory
showed statistically significant vegetation trends between
1981 and 2000. Ten-year trends (1981-1990; 1991-2000)
were color-coded and overlaid on land cover data (Fig. 3).
Visual comparison indicated spatially different distribution
pattern of improving and degrading trends — particularly to
be noted being concentration of negative trends in the
north-central fegion after 1990. When broken down by
corresponding land cover types, it was found that much
degrading trends after 1990 were observed in croplands land

cover (Fig. 4). Itis assumed that significant amount of both

active and abandoned croplands after the introduction of
market economy showed negative trends in vegetation
dynamics. Ratio of trends distribution by elevation stayed
more or less the same before and after 1990. Majority of
degrading trends were observed in areas with annual
precipitation between 200-300mm after 1990, which
suggested drier condition deteriorating vegetation vigor.
However, further climatic trend analysis should be carried
out in order to draw concrete conclusion in this context.

Mongolian statistics showed sharp increase in number of
livestock after 1990. Lots of state-operated farmland labor
force was reported to tum to herding. Economic incentive
encouraged larger number of livestock per household.
Density map of livestock by Province showed generally
straightforward agreement with changes in vegetation trends
— where concentration of increasing livestock density
corresponding to concentration of negative vegetation
dynamics (Fig. 5). This infers the potential impact of
overgrazing leading to grasslands degradation.

4. Concluding Remarks

Spatiotemporal vegetation information derived from
satellite remote sensing data ‘has often proved useful in
characterizing environmental changes over land areas at
various spatial-scale. In this particular study, changes in
extensive grasslands in the entire Mongolian territory were
evaluated in the context of socio-economical changes. This
characterization is still at its primitive stage but provides
clues to topical areas of interest that require further attention
to be studied.
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Centrographic Analysis of Urban Growth in Xinjiang
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Abstract: Xinjiang has experienced considerable urban growth in the past fifty years,
especially since the implementation of socio-economic reforms in 1978. When Xinjiang was
founded as a Uygur Autonomous Region in 1955, there were only three cities with an urban
population of 870 thousand, while in 2008 it had 21 cities with a total urban population with
8.45 million. Such an urban growth is attributed to the boost in the number of cities and the
urban population. Urban expansion enhanced geographic inequality between the two major
regions in Xinjiang. Compared to the Norhtern part, Southern Xinjiang only has 33.3% of the
total cities and 35% of the urban population. Using centrographic analyses, this study aims at
explaining the movement of urban center in Xinjiang during the past three decades. The
conclusions are the following: 1.The center of city gravity moved to southwest, while the
center of town gravity moved to southwest first then returned back to northeast; 2. The main
factors which effected the movement of urban center in Xinjiang are government new rural
economy system (1980), the new urban definition(1984) and superior geographical location as
well as better socio-economic conditions are main factors . A

Key words: Xinjiang; urban growth; saptial pattern; Centrographic Analysis

1 Introducﬁon

Xinjiang has experienced considerable urban growth in the past sixty years, especially
since the implementation of socio-economic reforms in 1978. When Xinjiang was founded as
a Uygur Autonomous Region in 1955, there were only three cities with an urban population
of 870 thousand, while in 2008 it had 21 cities with a total urban population with 8.45 million.
Such an urban growth is attributed to the boost in the number of cities and the urban
population. Urban expansion enhanced geographic inequality between the two major regions
in Xinjiang. Compared to the Norhtern part, Southern Xinjiang only has 33.3% of the total
cities and 35% of the urban population.

The urbanization in developing countries has attracted attentions of many scholars since
the end of World War II (Cohen, 2004; Pugh 1995; Henderson 2002; Jo, 2002). They studied
urban growth in developing countries from different point of view. The urban study in China
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has only begun since the last decade of 20™ century, but has already well documented in the

“literature (Chan, 1992; Fan, 1999; George, 1999, 2002; Han et al., 1994; Hsu, 1994; Tian et
al., 2002; Wang, 1999; Xu et al., 2002; Yang, 1998; Yao et al., 1999; Goldstein, 1990; Gu,
1999; Li et al., 1998; Chan et al., 2003; Victor et al., 1997; Ingram, 1998). The selected cases
of Chinese urbanization mostly are concentrated in the east coast metropolitan centres such as
Beijing (Gu, 2003), Jiangsu (Ma, 1994; Wang, 1999), Shanghai (Han, 2000), Fujian (Zhu,
2000), Guangzhou (Piper, 1999), Zhejiang (Xu, 2002) and Pearl River Delta (George, 1999).
There were very a few case studies on the western provinces (Yue et al., 2004), especially of
Xinjiang. Among some studies on Xinjiang, scholars analyzed the spatial feature of towns, the
economic difference of urban system, spatial imbalance of urbanization and the status quo and
significance of urbanization in Xinjiang(Gong, ei al. 2008;Chen, 2008; Shi, 2008). Very few
researches focus on the centrographic analysis of urbanization in Xinjiang.

The regions emphasized in former studies have highly distinguishing social and
economic environment from Xinjiang. Socially, Xinjiang is a minority concentrated
multi-national area, 60% of population is minorities; economically, it is an under developed
region. More than 60% of its total employment is engaged in agriculture. Per capita GDP is 4
times lower than the Shanghai City (Xinjiang Statistical Yearbook 2009). Therefore the
systematic research of urban development in Xinjiang not only can be helpful for the local
planning and regional development, but also has the inspiration meaning to urban
development in other minority regions.

2 Methodology and Data

Urbanization level in this study is measured by using the proportion of urban populations.
This study adopts the official definitions of urban population which refer to the permanent
residents of urban area such as districts, streets and resident comities in cities and towns.
There.are 21 cities and 229 towns in Xinjiang in 2008. The spatial pattern is analyzed on the
basic of 87 county level administrative regions and three large geographic units, namely
Northern Xinjiang, Eastern Xinjiang and Southern Xinjiang.

Data used in this study come from Xinjiang Census 1982, 1990 and 2000, Xinjiang
Statistical Yearbook 2001, 2004 and 2009.

The analytical part of this research we used centrographic analysis. Centrographic
analysis is an advanced spatial analysis method, which has experienced a rapid renewal over
the last few years, in large part due to its integration with GIS. This technique provides the
equivalent of statistical measures of central and dispersion tendencies adapted for
two-dimensional geographical space (Caprio, 1970). Jones (1980) presents centrographic
measures as describing the three most 1mp0rtant characteristics of a spatial phenomenon: its
location, dispersion and form.

3 Urbanization Process in Xinjiang

3.1 Brief History of Urbanization in Xinjiang

When Xinjiang was founded as a Uygur Autonomous Region in 1955, there were only
three cities: Urumgqi and Gulja city in the north and Kashkar city in the south with an urban
population of 870 thousand (Gedgraphic Society of Xinjiang, 1993). Urbanization rate was
only 12.21%. From 1953, Central government began to pay more sustained attention to



Xinjiang and then urbanization began to change its pace and spatial structure. Urban
development in Xinjiang had gone through the following distinct stages.

Initial period of urbanization (1 949—1 959): The main features of Xinjiang’s urbanlzatlon
in this period are as follows:

Firstly, urbanization pace was faster than the national average. In 1949, there was only
one city, Urumqji, in Xinjiang. From 1949 to 1959, the urbanization rate of Xinjiang increased
by 11.23 %, 7.77% higher than the national average. The urban population reached 1.56
million, with the urbanization rate of 23.44%. Secondly, the main explanation for the rapid
increase in urban population during the period is industrialization and the expansion of
non-agricultural economic activities accelerated by the First Five-Year Plan, mainly the
development of mining and processing industry. At that time, the key point of urban
construction in Xinjiang was Urumgi city as well as Karamay. As a result there were
designated three new cities. The number of cities reached to four. Third,
inter-provincial in-migration was the main source of urban population. There
were two forms of in-migration, organized and spontancous. At that time the organized
in-migration had been increasing rapidly. During the mid 1950s annual net in-migration of
250,000 was dominated by production and construction corps in-migrants. 1949-1953
Xinjiang get net in-migration from other provinces such as Beljmg, Jingsu, Zhejiang, Hubei,
Hunan, and Shandong 330 thousand people. -

De-urbanization stage (1960 -1965): This was the economic recovery and adjustment
period. Urbanization in Xinjiang had the following characteristics: firstly, government
increased the urban criteria. Like other provinces in China, Xinjiang has to decrease urban
population by deporting or “sending down” to the countryside. As a result, 61 thousand urban
populations were reduced and faced de-urbanization phenomenon. Secondly, urbanization rate
was dropped and the disparity with the national average was enlarged. In 1965, the percentage
of urban population in Xinjiang dropped from 23.44% to 18.93%, while the natlonal average
rate reduced from 10.5% to 9.2%.

Stagnation and Slow development stage (1966-1977): In this stage, urbanization was
stagnated or slow developed due to the Cultural Revolution and associated misguided
ideology. The campaign of “up to mountain and down to the villages” force urban educated
youth to move out of the cities to resettle in rural villages or remote areas. Only three new
cities were designated in the 11 years. The number of cities-and towns reached to 7 and 53
respectively with the urban population of 2.76 million. 610 thousand urban populations
increased in this period but its proportion stayed at 22.86%, 0.58% lower the end of the first
stage. :

High Speed Urbanization stage (1978 to 1990): The economic reforms since 1978 have
brought deep changes to China's urban-rural relations. Market economy and rural system
reform have created a great impetus for the remarkable growth of small towns, which
functioned as the rural economic center. Especially since the relaxed urban and town criteria
in 1984 re-energized small cities and towns have flourished all over the China. At that time,
however, the pattern of structural change of cities in Xinjiang has been the result of political
consideration. Each prefecture designated at least one city as a political center. Then the
number of cities rose significantly from 7 in 1978 to 16 in 1990, an increase of 9 new cities in
12 years, more than two times than the four new cities established over the previous two



decades. The number of towns also increased from 53 in 1978 to 131 in 1990. At the same
time urban population increased from 3.21 million to 6.86 million with the proportlon of
44.86%.

Stable Development period (1990 to 2000): From 1990 to 2000, economic factors played
more roles in growth of cities. The Development of cities was effectively guided by
economic needs. In this period, the number of cities rose from 16 to 19, increased 3 new
cities. At the same time, the number of towns increased from 131 to 197. Despite of the
growth of the cities and towns, urban populatioh and its proportion dropped to 6.2 million and
33.75% respectively mainly due to the new urbanization criteria in 2000 census.

Accelerate urban growth period (2000 to 2008): In 2000, Chinese central government
announced a major, new initiative -“Great Western Development Strategy” to develop China's
poor, backward western regions. This strategy brings Xinjiang a historic opportunity for urban
development. Along with the implementation of this new favorable regional development
strategy, population and industrialization grew rapidly in these areas, especially in Xinjiang.
Xinjiang entered accelerate urban growth stage again. Three new cities and 32 new towns
were designated in these eight years with the nearly 4% of annual growth rate. Urbanization
rate reached 39.64% with 8.45 million of the urban population. In this period, Southern
Xinjiang has gone through more urbanization than the North and East. Two of the three new
cities and 22 of the 32 new towns are located in Southern Xinjiang, while one city and seven
towns are in North and only three towns are in East.

3.2 Centrographic Analysis of urbanization in Xinjiang during last three decades

The centrographic analysis shows a significant reorganization of the spatial distribution
of cities and towns in Xinjiang over the three decades (Figure 1). Figure lconsists of 5
thematic maps, 3 of them corresponding respectively to cities and towns in three different
time period (1982, 1990, and 2008). Each of the maps contains one hierarchical ellipse
representing the migratory phenomenon of urbanization. Another two maps consist of three
ellipses of the special distribution of cities and towns, each of ellipses representing each year.

The center of gravity (CG) of an ellipse in centrographic analysis is the relative center of
the region being studied, according to the weight of each of its geographical unit. When
studying the spatial distribution of a phenomenon, if the phenomenon is distributed unevenly,
it can be interesting take into consideration the weight of each geographical unit and therefore
to assign this weight to each point. The calculation of the coordinates of the center of gravity
will take into account the disparities in the weights of geographical units in the region. The
center of gravity is a useful reference point for the comparison of several geographical units at
points in the same geographical region or for the comparison of the position of one
geographical unit over time (Cao, 2003). We calculated weighted centers of gravity for the
spatial distribution of urban population for the three time periods 1982, 1990 and 2008, and
presented them in Figure 1. The evolution of the forms of the ellipses and the changes in their
major and minor axes in Centrographic analysis indicate the dispersion of the research
phenomenon under study in relation to the two spatial dimensions. In order to report better the
spatial distribution of the research objects, the ellipse can be oriented according to the track
with most variation (Cao, 2003). In this study we also examined the evolution of the forms of
the ellipses and changes in their major and minor axes to better understand the process of
urban concentration in Xinjiang.
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Figure 1 Centrographic analysis of the distribution of cities and towns in Xinjiang, 1982-2000

3.2.1 City vs. town

1n 1982, the center of gravity for cities was located in Sawan County (N43.49°, E85.15°),
while the center of towns was located in eastern corner of Bay County (N42.37°, E82.86°),
wich is 225 km southwest of city center. In 1990, the center of city gravity moved 19 km to
southwest and placed in Hejing County (N43.33°, E85.07°). At the same period, the town
center also has the same moving trend with a bigger scale than cities. It was located in Toksu
County (N41.58°, E82.08 °), moved 110km to southwest. The distance between city center
and town center enlarged to 315 km. In 2008, however, the center of city gravity was also
located in Hejing County but still continued its direction towards southwest (N43.27°, S84.94°)
and made a movement of 14 km to southwest, while the center of town gravity changed its
direction and moved 50km back to northeast. This time it was located in Bay County (N41.85
°, E82.55 °) again. The distance between the two centers decreased to 250 km.

Statistics confirm that, in 1982 the area of ellipse for cities was only 116300 km?, while
it was 256600 for towns. In 1990, both of these ellipses expanded to north and south
directions, covers the area of 206400 km? and 269000 km® respectively. However, the ellipse
for cities expended 77.5%, much bigger than 4.8% of that for towns. Contrarily, in 2008, both
of the ellipses have a trend of reduction. Now the covered scopes of them are reduced to-
195200 km?and 260400 km?, the ellipse for cities shrink 5.4%, 2.2% larger than that of 3.2%
for towns. '

What is more, the major and minor axis of ellipses for cities has experienced more



changes then that for towns. For example, the major axis of ellipse for cities, which is the
horizontal length of the ellipses, measured 682.8 km in 1982, while it measured 876.5 km for
towns. In 1990, they extended to 747.1 km and 925.5 km respectively. Yet, the axis for cities
changed 9.5%, while the axis for towns altered 5.6%. In 2008, they measured 744.1 and 901.6,
shortened 0.4% and 2.6%. The minor axis of ellipse, which is the vertical length of the
interior ellipse, was 216.9 km for cities and 372.9 for towns in 1982. In 1990, it was 351.9 for
cities and 370.9 for towns. In the eight years the minor axis of ellipse increased 62%, while
that of towns decreased 0.7%. In 2008, both of them have same trend of reduction. It reduced
5.1% for cities and 0.6% for towns. This shows that decentralization in the first stage and
concentration in the second period was more obvious for cites than towns.
3.2.2 Temporal change

1n 1982, the center of gravity for cities was located in Sawan County (N43.49°, E85 15°),
while the center of towns was distributed in eastern corner of Bay County (N42.37°, E82.86 °).
In 1990, both of them moved to southwest, and the area, major and minor axis of both ellipses
expanded with the exception of minor axis for towns. In 2008, the center of city gravity still
continued its direction towards southwest, while the center of town gravity returned back to
northeast. Nevertheless, covered area, major and minor axis of both ellipses decreased. This
indicates that the distribution of cities and towns was tending to be balanced from 1978 to
1990, while it is concentrated in the northern area in 2008. This kind of tendency displays
more obviously in the city than towns (Table 1).

Table 1 Centrographic Analysis Parameters

1982 1990 2008 Difference Difference Difference
: 1982-1990 1990-2008 1982-2008

City
Area of ellipse(km?) 116300 206400 195200 +77.5% 5.4% +67.8%
Major Axis(km) 682.8 747.1 744.1 +9.5% -0.4% +9.1%
Minor Axis(km) 216.9 351.9 3341 +62.2% -5.1% +54%
Ellipse orientation (degrees) '
Town '
Area of elhpse(kmz) 256600 269000 260400 +4.8% -3.2% +1.5%
Major Axis(km) ) 876.5 925.5 901.6 +5.6% -2.6% +2.9%
Minor Axis(km) 372.9 370.2 368.0 -0.7% -0.6% -1.3%
Ellipse orientation (degrees)
City + Town
Area of ellipse(kmz) 180200 246000 228400 +36.5% -71.2% +26.8
Major Axis(km) 761.8 844.9 821.6 +10.9 -2.8% +7.9%
Minor Axis(km) 301.3 370.9 354.1 +23.1 -4.5 +17.5

Ellipse orientation (degrees) ‘

This kind of movement of city and town centers has some relations of government urban
policy as well as economic development in Xinjiang. From 1982 to 1990 the main propelling
force of urbanization in Xinjiang was the administrative strength. In 1982, there were only
eight cities and 64 towns in Xinjiang. From the 1982 to 1990, the number of cities and towns
rose to sixteen and 131 respectively with the rapid annual growth rate of 9.05% and 9.37%.
This is because Chinese government launched new rural economy system in 1980 and




changed the urban definition in 1984. According to new urban definition in China, those areas
where local governments of county level or higher are designated as urban areas irrespective
of the size of their permanent resident population (4sian Development Bank, 2002). Therefore,
8 counties are turned into cities as capital cities of prefectures, 67 new towns were designated.
As a result, the city and town distributions tend to the homogenization. This is partial
explanation for why the CG shifted to south as well as spatial disparity urbanization was
lower in this period. After 1990, urbanization speed slowed down and began to concentration
on the economic belt of northern slope of Tianshan Mountain. At that time economic
development played the major role in the urbanization. After1990, six new cities are
established serving as economic center and four of them are located on the economic belt of
northern slope of Tianshan Mountain because of the superior geographical location and better
economic development of these areas.

4 Conclusion and discussion

1.Tthe center of city gravity moved to southwest, while the center of town gravity moved to
southwest first then returned back to northeast.

2. The main factors which effected the movement of urban center in Xinjiang are government
new rural economy system (1980), the new urban definition(1984) and superior geographical
location as well as better socio-economic conditions are main factors. |
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Achievement of CEReS Research Projects

Project 2

Subject:
Study on land surface — land cover, vegetation change of Eurasia continent

Members:
Yoshiaki Honda, Koji Kajiwara

Objective of the project:

The main purpose of this projectist o grasp the land surface change originating from vegetation
structure change on lar ge area especially on Eurasia continent. This activity will connect to clarify the
carbon dioxide interchange between land and atmosphere.

On the above point of view , we have been de veloping a m onitoring m ethod using satellite optical
sensors focused on the detection of 3D structure in formation of vegetation-c overed surface especially
on forest area. 3D structure change of forest area means its biomass change.

Summary of Achievement

Main tar get of ourres earch is biomass esti mation of fores t area usingm ulti-angle spectru m
observation f rom satellite. In or der to actualize it, the estimati on m odel related to bi- directional
reflectance has been developed. Additionally, in-situ data collection method also developed.

For next generation Earth observation satellite se ries of JAXA/ GCOM-C1, our activity have set to
develop several satellite products such as biomass, roughness index, shadow index, fAPAR, and so on.

Details of Achievement

Achievement 1: Multi-angle spectrum observation method development
1-1 Forest canopy BRF measurement using unmanned helicopter

Developed forest canopy BRF observation method using GPS and computer controlled unmanned
helicopter-with on-board spectroradiometer . Within 30 minutes, totally 26 spectrum data from different
observation angle on principal and cross-principal plane can be observed. This system can observe
same sensor-target geometry on different sun angle or time.
1-2 Rapid BRF measurement for large area using unmanned helicopter

Using on-board spectroradiometer equipped fixed 3 different angles, large area BRF measurement

can be obtained. Combining 1-1 method and simulator described 3-1, BRF representing satellite IFOV
can be estimated.

Achievement 2: Canopy structure measurement method development
2-1 Canopy surface measurement from the air

Using unmanned helicopter, on-board laser scanner departed from the canopy only 30 to 50m can
detect precise structure of the canopy surface structure. The resolution of DSM generated from
observed data is sprier to airborne laider.
2-2 Tree structure parameter measurement from the ground

Using the laser scanner equlpped on robot-arm or other platform, tree structure parameter such as
DBH, tree height, crown diameter has been developed.

Achievement 3: Bi-directional Reflectance Factor (BRF) simulator development
3-1 BRF simulator uses observed DSM and BRF

In order to calculate the realistic surface situation, generated DSM from helicopter observation data
is used. For BEF mode based on linier mixing model also used observed spectrum. Developed
simulator can reconstruct the BRF of existed forest.

Achievemnt 4: Vegetation physical parameter estimation
4-1 fAPAR estimation from satellite data

Using MODIS visual bands data, fAPAR estimation method has been developed. The estimation
model has been developed from in-situ data of forest incoming, reflected, transmitted light.




Publications

1) Jules R. Dim, Koji Kajiwara, Yoshiaki Honda, Radiometric signature and spatial variability of
the vegetation coverage of a boreal forest, International Journal of Remote Sensing Vol. 29, No.
23, 10 December 2008, pp6851-6871,2008

2) Jules R. Dim, Koji Kajiwara, Yoshiaki Honda, Airborne Laser Scanning Derived Vegetation
Structuresand Impact on Solar Radiation Scattering, Remote Sensing of Environment, 2008,

3) Junichi Susaki, Keitarou Hara, Koji Kajiwara and Yoshiaki Honda, “Robust Estimation of
BRDF Model Parameters” , Remote Sensing of Environment, vol.89, pp.63-71, 2004

4) Koji Kajiwara, YoshiakiHonda, Akiko Ono,Yusaku Ono, Development of bidirectional refl
ectance function for above-ground vegetation biomass estimation using SGLI sensor,Remote
Sensing 2008, CDS322, 7106-26,2008

5) Koji Kajiwara, Yusaku Ono, Yoshiaki Honda, Conifer Forest Biomass Estimation Using Multi
Angle Spectrum Observation,2008 Conference of International Symposium on Remote Sensing,
2008

6) YHONDA, M.Moriyama, A.Ono, K.KAJIWARA, A study on possibility of land vegetation
observation with SGLI/GCOM-C, Remote Sensing 2007, Palazzo degli Affari Conference
Centre, FIRENZE  Florence, Italy, 2007.9.17~2007.9.21

7) Jules R. Dim, Koji Kajiwara, Yoshiaki Honda, Vegetation Canopy Structural and Physical
Variability Based on Radiometric and Laser Analysis, Remote Sensing 2007,Palazzo degli

~ Affari Conference Centre, FIRENZE Florence, Italy, 2007.9.17~2007.9.21

8) Jules R. Dim (JST-SORST), Koji Kajiwara, Yoshiaki Honda(CEReS Chiba Univ, SORST JST),
Reflectance Mechanism and Biophysical Characteristics of a Boreal Forest through Analyses of
Airborne Spectral Radiance Observations, 2006AGU (American Geophysical Union) Fall
Meeting 2006.

9) Kazuy uki Honma, Koji KAJIWARA, Y oshiaki HOND A, Dev elopment of 3D S tructure
Measurement Sy stem using Laser Scan ning data and Radio-Controlled Helicopter , The
26" Asian Conference on Remote Sensing(ACRS2005), 2005

10) Y oshiaki HOND A(CEReS, JST .SORST), Hirokazu Y AMAMOTO, Mas ahiro HORI,
Hiroshi Murakami, Nobuyuki Kikuchi(J AXA), Global environment monitoring using the
next generation satellite sens or, SGLI/GCOM-C, In ternational Geoscience And Rem ote
Sensing Symposium(IGARSS)2005, COEX, Seoul, Korea, 2005.7.28, p.4208-4210.

11) Y oshifumi T akafuji, Koji Kajiwara, Y oshiaki Honda (Center for En  vironmental Rem ote
Sensing, Chiba University ,Japan/SORST,JST), VEGET ATION CLASSIFICA TIONS BY
STRUCTURES ESTIMATED FROM DIFFERENCE OF BRF, 25th Asian Conference Rem ote
Sensing , The Sheraton Chiang Mai Hotel, 2004

12) Masaki Dem izu, Koji kajiwara, Y oshiaki Honda (Center for Environm ental Remote Sensing,
Chiba University , Japan/SORST ,JST), Developm ent of V egetation S tructure Measure ment
System using Stereo pair Images and Laser Scanning data, ISRS 2004.

13) Koji kaji wara, Y oshiaki Hon da(Center for Environmental Rem ote Se nsing, Developm ent of
Measurement Method for Phy sical Param eter Re lated Photo-s ynthetic Active Radiation in
Deciduous Confer Forest, ISRS 2004.




Achievement of CEReS Research Projects

Project 3

Subject:
Evaluation of radiation bud get onthe b asis o f satellite data and ground observation n etwork, and stu dy of
long-term changes in atmospheric parameters

Members:
Tamio Takamuraand H iroa_ki Kuze

Objective of the project:

The satellite evaluation of radiation budget in the Earth’s surface system provides basic quantities required for
the study of the global climate change including model studies. The accurate understanding of radiation budget is
indispensable for studying dynamic behavior of vegetation, hydrology, and ocean environment. The purpose of
this project is ‘to inv estigate the long-term changes in the radiation budget of the East Asiaregion and related
atmospheric parameters in a comprehensive manner, employing both the satellite data and ground-network data.

| Summary of Achievement

New algorithms have been developed and tested for extracting various atmospheric parameters from satellite
data. Simultaneous observations with ground instruments, including a network observation called SKYNET, are
used for validation as well as improvement of the algorithms. Regional and seasonal variations of aerosol, cloud,
and radiation amounts have been studied.

Details of Achievement
Achievement 1: Variations of atmospheric parameters and long-term radxatlon budget using remote
sensing data
1-1 Algorithm development for radiation budget studies

Land s urface albedoisa key param eterinra diation budge a nd climate modeling studies. An em pirical
anisotropy correction m odel for estimating land s urface albedo has been developed for snow free land surfaces |
under clear sky conditions. The proposed model can be used for direct estimation of surface albedo from a single
BRF observation."” The cloud optical thickness(COT) derived from the GMS-5/SVISSR is examined to estimate
short-wave radiation budget. By comparing with MODIS COT, the GMS-5-retrieved COT has been corrected.”)
1-2 Measurement of time-integral of photosynthesis for NPP estimation in Mongolia®

We applied the monthly mean PAR for vegetation p hotosynthesis to esti mate the NPP fro m Land sat ETM+
data for a semi-arid area of Mongolia. The estimated NPP results were compared with ground measurement data.
1-3 Long-term characterization of seasonal variation of tropospheric aerosols in Chiba®

Seasonal variations of t ropospheric ae rosol properties in C hiba, Ja pan, are i nvestigated by means o f s un-
photometer m easurement ( 1999-2005), ground sampling (1998-2004), an d wi nd data. The i nfluence of
anthropogenic pa rticles f rom 1 ocal sou rces as well as that of Asian dust particles ha ve bee n detected a nd
discussed. The seasonal variation is remarkable also in the chemical analysis data.
1-4 Estimation of shortwave radiation budget using ADEOS II/GLI data”

The downward and upw ard solar radiation at the surface and at the top of the atmosphere are estimated using
GLI aerosol and cloud products. The ground-observed data using i-sky radi ometer are use d for evaluating the
satellite-derived aerosol and cloud products.

1),2)

Achievement 2: Collection of ground-validation data and improvement in satellite data analysis
2-1 Dual-site lidar observations and satellite data analysis for regional cloud characterization®

Lidar data observed by two continuously operated portable automated lidar (PAL) systems and images from the
visible an d t hermal infrared chan nels of AVHRR se nsor onboard NOAA16 satellite are em ployed for t he
characterization of cloud heights and cloud types.
2-2 Influence of inhomogeneous cloud fields on satellite observations’

GMS-5/SVISSR-retrieved cloud optical depth (COD) appeared mostly lower than that of Terra-MODIS. The
major facto rs causing such C OD differences are th e satellite v iewing and so lar con ditions, th e cloud
thermodynamic p hase di fferentiation a nd particle ef fective radius, a nd t he cl oud i nhomogeneity. He re t he
emphasis is put on the examination of the cloud inhomogeneity effect.

2-3 A high-efficiency aerosol scatterometer for the calibration of multl-wavelength lidar data®
A scatterometer was developed to measure the aerosol scattering coefficient at the ground level, on the basis of
an integrating sphere, cw lasers, and a controlled flow of the ambient air, including aerosol particles.
2-4 Aerosol mass extinction efficiency studied by continuous lidar measurements”
Continuous dat a of t he atmosphere m onitored using a portable automated lid ar are correlated with t he
concentration of ground-measured suspended particulate matter (SPM). When the boundary layer is well mixed,
high correlation makes it possible to calculate the mass extinction efficiency of the aerosols in the atmosphere.




2-5 The influence of ambient humidity on the aerosol mass concentration measurements'”

The infl uence of humidity is co nsidered on th e con centration of t he s uspended p articulate m atter
measured with a B-ray counter. For t he monthly data taken in September 2005, the difference in relative
humidity between inside the instrument (48%) and outside the laboratory (78%) resulted in approximately
53% larger aerosol mass concentration after the correction, also affecting the mass extinction efficiency.

Achievement 3: Analysis of atmospheric environment based on ground-network observatlons
3-1 Intercomparlson between lidar and airborne measurements near Tokyo during ACE-Asia''

In April 2001 during the AC E-Asia campaign, intercomparison studies were carried out near Tokyo using
ground-based lidar networks as well as ai rcraft o bservations. M odest co ncentrations o f Asian dust in the free
troposphere was found to extend up to an altitude of 8 km.

3-2 Study of atmospheric brown cloud and its radiative effect'> '

Simultaneously measured sky-radiation a nd surface -solar-flux dat aa reu sed t o r etrieve aer osol o ptical
properties. Data sets  from sev eral SKYNET sites su ggest that Asian dusts becom e blacke ned duri ng the
movement because of m ixing wit h s oot particles pr oduced ove r the industria l/urban area of Chi na. D1n a
campaign ¢ onducted on Cheju Island, the values of aer osol ra diative forcing suggest t hat the aer osols might
consist of more or less yellow sand in comparison with the results simulated using typ1cal aerosol models. ¥
3-3 Aircraft and ground-based observations of boundary layer CO, concentration 1
Concentrations o f atmospheric C O, and acrosol were measured in a field campaign conducted in winter 2 006
around M t. Tsukuba, Japan using ground-based C O, analyzers, alida r, and sky radiometers as well as CO ,
analyzers onboard an aircraft. A sudden increase of downward winds, due to the approach of an anticyclonic
synoptic flow, resulted in a rapid decrease in both the CO, and aerosol concentrations in the boundary layer.
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Abstract ,

The long-term changes in the radiation budget of the East Asia region and related atmospheric parameters
have been investigated in a comprehensive manner, employing both the satellite data and ground-network data.
Through the recent activities of this project, new algorithms have been developed and tested for extracting various
atmospheric parameters from satellite data. Simultaneous observations with ground instruments, including a
network observation called SKYNET, are used for validation as well as improverhent of the algorithms. Regional

and seasonal variations of aerosol, cloud, and radiation amounts have been studied.

Keywords :

atmospheric remote sensing, radiation budget, aerosol, cloud, atmospheric correction, satellite

observation, calibration, ground observation, GOSAT, greenhouse gases

1. Introduction

The satellite evaluation of radiation budget in the Earth’s
surface system provides basic quantities required for the
study of the global climate change including model studies.
The accurate understanding of radiation budget is
indispensable for studying dynamic behavior of vegetation,
hydrology, and ocean environment. The purpose of this
project is to investigate the long-term changes in the radiation
budget of the East Asia region and related atmospheric
parameters in a comprehensive manner, employing both the
satellite data and ground-network data. Details of recent
achievements will be described in the following sections.

2. Variations of atmospheric parameters and long-term
radiation budget using remote sensing data
2.1 Algorithm development for radiation budget studies

Land surface albedo is a key parameter in radiation budge
and climate modeling studies. An empirical anisotropy
correction model for estimating land surface albedo has been
developed for snow free land surfaces under clear sky
conditions.” The proposed model can be used for direct
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Fig. 1 Comparison of MODIS and surface albedo” '
. esti
mation of surface albedo from a single BRF observation (Fig.
1). The cloud optical thickness (COT) derived from the
GMS-5/SVISSR  is examined to estimate short-wave
radiation budget. By comparing with MODIS COT, the
GMS-5-retrieved COT has been corrected.”
2.2 Measurement of time-integral of photosynthesis for NPP
estimation in Mongolia
We applied the monthly mean PAR for vegetation
photosynthesis to estimate the NPP from Landsat ETM+
data for a semi-arid area of Mongolia.” The estimated NPP
results were compared with ground measurement data.
2.3 Long-term characterization of seasonal variation of
tropospheric aerosols in Chiba
Seasonal variations of tropospheric aerosol properties in
Chiba, Japan, are investigated by means of sunphotometer
measurement (1999-2005) (Fig. 2), ground sampling (1998—
2004), and wind data® The influence of anthropogenic
particles from local sources as well as that of Asian dust
particles have been detected and discussed. The seasonal
variation is remarkable also in the chemical analysis data.
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Fig. 2 Long-term variations of aerosol optical thickness
(AOT) at 500nm (green) and Angstrom exponent (orange)
Average values around noon are plotted.”

2.4 Estimation of shortwave radiation budget using ADEOS
1/GLI data

The downward and upward solar radiation at the surface
and at the top of the atmosphere are estimated using GLI
aerosol and cloud products.” The ground-observed data
using i-sky radiometer are used for evaluating the
satellite-derived aerosol and cloud products.

3. Collection of ground-validation data and improvement
in satellite data analysis

3.1 Dual-site lidar observations and satellite data analysis
for regional cloud characterization \

Lidar data observed by two continuously operated
portable automated lidar (PAL) systems and images from the
visible and thermal infrared channels of AVHRR sensor
onboard NOAA16 satellite are employed for the
characterization of cloud heights and cloud types.”

3.2 Influence of inhomogeneous cloud fields on satellite
observations

GMS-5/SVISSR-retrieved cloud optical depth (COD)

appeared mostly lower than that of Terra-MODIS.” The
major factors causing such COD differences are the satellite
viewing and solar conditions, the cloud thermodynamic
phase differentiation and particle effective radius, and the
cloud inhomogeneity. Here the emphasis is put on the
examination of the cloud inhomogeneity effect.
3.3 A high-efficiency aerosol scatterometer for the
calibration of multi-wavelength lidar data

A scatterometer (Fig. 3) was developed to measure the
aerosol scattering coefficient at the ground level, on the basis
of an integrating sphere, cw lasers, and a controlled flow of
the ambient air, including aerosol particles.?

Mechanical
shutter

Phot Diode

.

Particle Filter

Fig. 3 Aerosol scatterometer based on an integrating sphere.

3.4 Aerosol mass extinction efficiency studied by continuous
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lidar measurements

Continuous data of the atmosphere monitored using a
portable automated lidar are correlated with the concentration
of ground-measured suspended particulate matter (SPM).”
When the boundary layer is well mixed, high correlation
makes it possible to calculate the mass extinction efficiency
of the aerosols in the atmosphere.
3.5 The influence of ambient humidity on the aerosol mass
concentration measurements

The influence of humidity is considered on the
concentration of the suspended particulate matter measured
with a [B-ray counter'” For the monthly data taken in
September 2005, the difference in relative humidity between
inside the instrument (48%) and outside the laboratory (78%)
resulted in approximately 53% larger aerosol mass
concentration after the correction, also affecting the mass
extinction efficiency.

4. Analysis of atmospheric environment based on
ground-network observations
4.1 Intercomparison between lidar and airborne measure-
ments near Tokyo during ACE-Asia

In April 2001 during the ACE-Asia campaign, inter-
comparison studies were carried out near Tokyo using
ground-based lidar networks as well as aircraft observations.
Modest concentrations of Asian dust in the free troposphere
was found to extend up to an altitude of 8 km."
4.2 Study of atmospheric brown cloud and its radiative effect

Simultaneously measured sky-radiation and surface-
solar-flux data are used to retrieve aerosol optical properties.
Data sets from several SKYNET sites suggest that Asian
dusts become blackened during the movement because of
mixing with soot particles produced over the industrial/urban
area of China.'” In a campaign conducted on Cheju Island,
Korea, the values of aerosol radiative forcing suggest that the
aerosols might consist of more or less yellow sand in
comparison with the results simulated using typical aerosol
models (Fig. 4). ¥
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Fig. 4 Shortwave radiative forcing vs. optical thickness.

4.3 Aircraft and ground-based observations of boundary
layer CO;concentration

Concentrations of atmospheric CO, and aerosol were
measured in a field campaign conducted in winter 2006
around Mt Tsukuba, Japan wusing ground-based CO,
analyzers, a lidar, and sky radiometers as well as CO,
analyzers onboard an aircraft'® A sudden increase of
downward winds, due to the approach of an anticyclonic
synoptic flow, resulted in a rapid decrease in both the CO,
and aerosol concentrations in the boundary layer.

5. Development of algorithm for retrieving CO, vertical
profiles from GOSAT satellite
5.1 Greenhouse gases observing satellite/thermal and near
infrared sensor for carbon observation

The Greenhouse Gases Observing Satellite (GOSAT) is
a sun-synchronous orbital satellite developed by NIES,
Ministry of Environment, and JAXA for global observations
of greenhouse gases.”” The satellite was successfully
launched from the Tanegashima Space Center in Japan on
23 January 2009. The GOSAT completed its system
checkout, and started its regular operational observations,
including both nadir and off-nadir measurements, of
approximately 56,000 ground points every three days. It
carries two sensors: the Thermal and Near Infrared Sensor
for Carbon Observation (TANSO)-FTS and the TANSO-
Cloud and Aerosol Imager (CAI). The former is a Fourier
transform spectrometer that measures near infrared and
thermal infrared radiances for detecting atmospheric gases.
The latter is an imager to detect clouds and aerosols in the
instantaneous field of view (IFOV) of the TANSO-FTS. The
TANSO-FTS consists of four spectral bands: Band 1
(0.75-0.78 um), Band 2 (1.56-1.72 um), Band 3 (1.92-2.08
um), and Band 4 (5.5-14.3 pm)'®. The maximum optical
path difference of the TANSO-FTS is £2.5 cm; thus, the full
width at half maximum of the instrumental line shape
(spectral resolution) is approximately 0.2 cm™. We use the
Band 4 spectra, which include CO, absorption band from
700 to 800 cm’” (hereafter referred to as the “CO, 15-um
band”).
5.2 Retrieval methods

A non-linear maximum a posteriori (MAP) method'” is
adopted to retrieve CO, vertical profiles from the CO,
15um band. In the CO, retrieval, we introduce linear
mapping between vertical layer grids for radiative transfer
calculation (hereafter referred to as “full grids™) and grids for

CO;, retrieval (“retrieval grids”). We divide the atmosphere
from 1100 to 0.1 hPa into 110 layers, and define the layers as
the full grids. We define the retrieval grids on the basis of the
CO, averaging kernel functions. We select channels for the
CO, retrieval using CO, information content in the CO,
15-pm band. Through CO, retrieval simulations, we
confirmed that selecting 100 channels on the basis of CO,
information content for all layers, 10 channels for the region
above 55 hPa, and 50 channels for the region below 800 hPa
was sufficient to achieve CO, retrieval with 1% accuracy
from the troposphere through the stratosphere. In the CO,
refrieval, uncertainties in the estimates of profiles of
temperature, water vapor, and ozone are considered as a part
of measurement spectral noise. For the GOSAT operational
data processing, outputs from the NIES transport model'®
al€Qused as a priori  , profiles. The a priori error
covariance matrix is determined from errors in the NIES
transport model".

5.3 Preliminary CO; retrieval results

We now analyze the interferograms obtained by the
TANSO-FTS to determine several correction parameters for
a nonlinearity correction and a phase correction. Although
several adjustments based on its in-orbit calibrations have to
be applied to the interferograms, we retrieved CO, profiles
from the not-well calibrated Band 4 spectra by using the
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Fig. 5 CO, concentrations retrieved from the TANSO-FTS
Band 4 spectra obtained from April 6 to 8, 2009 on (a) 770
hPa pressure level; (b) 500 hPa pressure level.

developed algorithm. Figure 5 shows CO, concentrations
retrieved from the clear-sky Band 4 spectra obtained in the
daytime from April 6 to 8, 2009. In the daytime, judgment of
clear-sky or cloudy conditions is based on the cloud flags
provided by the TANSO-CAI As shown in Figure 5(a), a
reasonable latitudinal gradient in CO, concentrations can be
seen at 770 hPa; CO, concentrations over the land in the
Northern Hemisphere are higher than those over the ocean
and in the Southern Hemisphere. In the middle troposphere,
however, evident positive biases exist at low latitudes.
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Introduction of FrameFree Studio for Visualization and Analyzing
on Environmental Remote Sensing '
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Monolith Co., LTD
2F-6-4, Azabu-Jyuban, 2-chome, Minato-ku, Tokyo, Japan

E-mail:nobu@monolith-prime.co.jp

1. Abstract _

The FrameFree Studio, software product of Monolith Co., has been planed and developed for
Medical pﬁrpose imaging, Scientific visualization, Analyzing and Modeling in this decade.

The most distinguish point of the FrameFree Studio is that having pixel by pixel full automatic
matching algorithm(1), mesh image representation and data volume reduction, very flexible
interpolation functionality with parameter operation, drastic reduction effect of data volume of
movie and very unique movie image representation system (Patented in Japan(2), USA(3), China,

Korea, etc).

2. Introduction

Almost existent movie system is based on afterimage theory by viewing many images in short
period for human eyes (frame by frame system), but FrameFree imaging system is totally different,
the basic process is as follows.

Encoding system is that calculate matching information full automatically between 2 key frames
pixel by pixel, making matching information map (about 2 KB mathematical function, very small
amount of data volume), then output unique FrameFree file format composed by key frames and
intermediate mathematical function map . ’

Decoding system is that input FrameFree format, output movie by real time rendering process by
computer using 2 key frames and intermediate mathematical function map, this method of viewing
process enable to operate movie very flexible by user oriented parameter specification.

For example, changing real time rendering speed parameter enable to get movie représentation
speed without limitation, normal movie could be changed into super slow motion movie, changing
real time rendering direction enable to change representation direction of movie very easily as well.

Also analyzing the intermediate mathematical function map, enable to detect the moving vector
information between 2 key frames, it means very useful analyzing system for observation data could
be able to get and to develop very powerful simulation system introducing by physical logic or

theoretical algorithm through collaboration with researcher, scientist and computer expert .
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3. Application Examples

Fig.1 Analysis of NDVI image

Visualization and Analysis
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Fig.2 Weather Forecast

Discrete Cloud Image Smoothing

WEHER: LRSS R TE AR BT RN

-

3t AT RERE VR RGN D) Wi 5B & WESIANI a3 ST R (e SN &




Fig.3 Arctic Ice Summer Minimum
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Fig.4 Grey Typhoon Images ( Oct, 6, 2009-Oct, 8, 2009/1H )
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4. Conclusions and Future work

As the first step, to awake the crisis of the Global Environment Change how serious to the
ordinary people, the visualization information service using FrameFree Studio is very easy to realize
with very reasonable cost.

But the next step is required more accurate and having analyzing system for scientific approach
with calibration and validation, so I believe that we need to collaborate with expert of Environmental
Remote Sensing researcher and Laboratory in world wide scale to develop and to establish new

visualization, analyzing system and useful user needs oriented application.
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Achievement of CEReS Research Projects

Project 4

Subject:
Application of remote sensing methods to regional issues --- enlightenment activities by means of the synergy
effect of various spatial data

Members:
Akihiko Kondoh, Hiroaki Kuze, Chiharu Hongo

Objective of the project:

Presently several earth observation satellites are operating simultaneously and new satellite programs are
planned. In this circumstance, the use of satellite data is expected to be important for understanding the regional
environment and for exploiting a new field of application. In this project, by integrating and freely providing the
spatial information such as satellite data and geographical information, we expect to generate synergetic effect
with the combination of CEReS research method and result, then to create a new field and to feedback the
scientific results to a local.

Summary of Achievement

Satellite remote sensing was applied to various problems existing in Asian region. The problems to be solved
include water problems, food problems, air pollution, and many. New remote sensing techniques were developed
for advanced agriculture, air pollution monitoring, and so on. Satellite imageries and their secondary data were
open to public through world wide web to promote the utilization of satellite remote sensing.

Details of Achievement
Achievement 1: Water problems in China
1-1 Hydrological cycle in North China Plain, China b

Fields research was started in 1998 concerning hydrological cycle (including flux studies) and its implications
to water problems in North China Plain (NCP). Decadal collaboration with Chinese colleagues achieved proper
recognition of current situation and future perspective of water resources in semi-arid NCP.

1-2 China’s Great flood in 1998”

China suffered great flood in Changjiang, Songhua and Nenjiang in 1998. Especially, flood hazard in
Changjiang got worldwide news coverage. Because 1998 was the warmest year after global warming got a
position of primary global concern, the floods were tend to be considered as the effect of global warming.
Detailed monitoring of flood by satellite and field research with Chinese colleges revealed the floods are
influenced not only by climatic change but also by human factors.

Achievement 2: Environmental monitoring in Asia
2-1 Herbaceous plant monitoring in semi-arid environment”

Herbaceous plant that supports environment and life in semi-arid region was vulnerable to climatic change. The
response of herbaceous plant to weather conditions was examined in Mongolia and Inner-Mongolian Plateau. The
outcomes gave an implication on the response of grassland ecosystem to the global warming.

2-2 Groundwater degradation in arid reglon X

Groundwater as a primary water resource in arid region was investigated in United Arab Emlrates ‘Turpan
basin in western China, and the Dead Sea Basin, Jordan. Synthetic research including remote sensing revealed the
occurrence of groundwater, changes in groundwater cycle, geochemical characteristics, accompanied water
problems, and so on. The outcomes offered valuable knowledge for integrated water managing in arid regions.

2-3 Hydrological changes in Xinjiang, China®

The response of regional water resources to the climatic changes was investigated in Xinjiang, China. Water
resources were changing under the influences of both human factors and climatic factors. The outcome presented
the holistic perspective of future water resources in Xlnguang
2-4 Heat island studies in Tokyo Metropolitan Area®

Heat-islands in Tokyo Metropolitan Area were researched by using remote sensing and GIS. The results

. showed the decadal changes in heat islands and its effect to local weather conditions.

Achievement 3: Air pollution monitoring
3-1 Measurement of NO, and aerosol in the urban atmospheric using differential optical absorption
spectroscopy (DOAS) with an aviation obstruction light source 7.8),9), 10)

- We proposed a novel DOAS method that is based on a white flashlight source and a compact CCD
spectrometer. By using an optical path length of 5.5 km, for instance, NO, and SPM concentrations can be
measured with an accuracy of 1 ppb and 1 ug/m’, respectively. The DOAS method acquires a data point every
five minutes, much more frequent than the data (every one hour) provided from the Ministry of the Environment




Atmospheric Environmental Regional Observation System (AEROS).
3-2 Measurement of atmospheric pollutants using differential optical absorption spectroscopy (DOAS) with
a PC projector light source 'V

The DOAS measurement with an aviation obstruction light is limited to the daytime. Moreover, the
measurement cannot be carried out where no obstruction flashlight is situated. Alternatively, we proposed the use
of a commercially available PC projector as a white-light source. This is relatively inexpensive, yet the possibility
of unattended, continuous operation is quite suitable for the DOAS measurement. This light source is portable,
and it can be used durlng both daytime and night time. A conventional PC projector was successfully used as a
DOAS light source in Seoul, Chiba and Nagano, making it possible to observe the data for 24 hours.

Achievement 4: Utilization of Spatial Information Data project

4-1 Development of an efficient sugar beet cultivation support system
To assess the feasibility of developing an efficient sugar beet cultivation support system to effectively reduce

the costs of beet cultivation, beet collection and sugar production using an agricultural spatial information data,

and also to predict the root yield of sugar beet three months before the harvesting season, an analysis of satellite

data and meteorological data was carried out in this study.

12,13)

Achievement 5: Environmental Information Base Projects
5-1 Land Information Browsing System

Homepages that publish digital thematic maps was constructed on WWW and open to public through internet.
The datasets include secondary products of satellite data and thematic maps on land characteristics.
'| 5-2 Satellite Image Browsing System

Homepages that exhibit past satellite images were constructed on WWW and open to public through internet.
Past imageries after 1972 could produce new information through synergy with clients.
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Application of remote sensing methods to regional issues
- Promotion of regional environmental studies in Asia -

Akihiko Kondoh', Hiroaki Kuze', Chiharu Hongo'
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Abstract

In the context of the Project 4, a partial results on area studies and advanced databases were presented
in this paper. As a connection to Project 1, results of global surface changes detection were explained first
to find the local surface changes. Several important outcomes were selected and gave brief explanation.
To find and organize the achievements of area studies, spatial database should be developed. Final part of
the paper reported the example of databases on spatial information.

Keywords: area studies, Asia, advanced databases, collaboration for solution

1. Introduction

A lot of earth observation satellites have been
operating during last decades, and new satellite
programs are planned. In this circumstance,
satellite data is expected to be useful for
understanding the regional environment and for
the solution of regional environmental issues. In
project 4, we expect to generate synergetic effect
with remote sensing and many other fields which
deals with environmental issues by integrating
spatial information and field experiences.

The majors of principle members are geography,
atmospheric sciences, and agriculture sciences. So
we set up the four main themes.

- Area studies in Asia

- Atmospheric environment

- Application to agriculture

- Advanced databases ' v
Satellite remote sensing has been applied to

various problems existing in Asian region. The

problems to be solved in the project include

water problems, food problems, air pollution, and

many. New remote sensing techniques were

developed for advanced agriculture, air pollution

monitoring, and so on. Satellite imageries and
their secondary data were open to public through
world wide web to promote the utilization of
satellite remote sensing.

- The spectrum of our research target is too
large. In this paper, we will introduce the
.outcomes from area studies, and advanced
databases. Please refer to the papers included in
the proceedings for remaining themes.

2. Selected Achievement

2.1 Detection of environmental changes by
global remote sensing

A: ZNDVY
B:NDVImax @ 0. 01/vear
G:NDYIstd © O~].5
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Fig.1 The results of global trend analyses
between 1982 and 2000 by
NOAA/AVHRR (Kondoh, 2004 .

Global issues are appeared by the problem on
the relationship between human and nature in a
region. This is the reason why area studies
should be promoted. However, there are vast
amount of problems to be solved on the globe.
Each problem may be small but deep, and
essential problem in the local people. To find the
problems, global change detection scheme is
applied to global dataset derived from NOAA/
AVHRR.

Fig.l shows the result of trend analyses
between 1982 and 2000 using indices derived
from NDVI and Rrightness Temperature Kondoh,
2004). By combining these diagrams, important
surface changes can be detected. One of
important outcome is the detection of vegetation
changes in the ecotone of tundra and boreal
forest in Eastern Siberia shown in Fig. 2 (Sakai ez

al., 2008) .
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Fig.2 Increasing trend in annual maximum
NDVI in red color, which suggests
vegetation change possibly by global

The contents of this section is a part of Project
1. A great deal of the achievements of area
studies can be located and interpreted on the
framework of global change mapping.

2-2 Selected area studies in Asia
(1) Water problems in North China Plain, China

We started the discussion of the project in
1997 with Chinese colleagues, and fields research
was started in 1998. This project is concerning
hydrological cycle and its implications to water
problems in North China Plain (NCP). The field
work include groundwater survey, flux
measurement, hill slope study, and of course
remote sensing.

NOAA/AVHRR and GMS data received in
CEReS are used to monitor surface wetness.
Combined method with NDVI and Brightness
temperature by NOAA/AVHRR, and thermal
inertia monitoring by GMS showed good
performance to detect surface wetness (Kondoh
and Oyamada, 2000) .

Decadal collaboration with Chinese colleagues
achieved proper recognition of current situation
-and future perspective of water resources in
semi-arid NCP.

(2) China's Great flood in 1998

China suffered great flood in Changjiang,
Songhua and Nenjiang in 1998. Because 1998
was the warmest year after global warming got a
position of primary global concern, the floods
were tend to be considered as the effect of global
warming, and got worldwide news coverage.

Fig.3 The NOAA/AVHRR image in August 10,
1998 received in CEReS. At this date, bank
was collapsed in one place, and retarding
basins was filled by water.

Detailed monitoring of flood by satellite and
field research with Chinese colleagues revealed
the flood was a normal big one, and the effect of
climatic changes was hard to be recognized (Li et
al., 1999). :

NOAA/AVHRR images received in CEReS
could send imageries of changing inundation area
in the middle reach of Changjiang River through
WWW. Fig.3 shows the image in August 10
when water level in Changjiang was the highest.

( 3) Glassland monitoring in semi-arid
environments

Herbaceous plant that supports environment
and life in semi-arid region was vulnerable to
climatic change. The response of herbaceous
plant to weather conditions was examined in
Mongolia and Inner-Mongolian Plateau. The
outcomes gave an implication on the response of
grassland ecosystem to the global warming.

In the grassland ecosystem, vegetation activity
is strongly depended on water availability. If
global warming may cause desiccation,
herbaceous plant got the serious damage (e.g.

Kondoh et al., 2005).

(4) Groundwater degradation in arid region
Groundwater as a primary water resource in
arid region was investigated in United Arab
Emirates, Turpan basin in western China, and the
Dead Sea Basin, Jordan, and many sites in Asia.
Synthetic research including remote sensing
revealed the occurrence of groundwater, changes
in groundwater cycle, geochemical characteristics,
accompanied water problems, and so on. The
outcomes offered valuable knowledge for
integrated water management in arid regions.

(5) Hydrological changes in Xinjiang, China
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Fig.4 Changes in annual discharge. Red and blue
denote increase and decrease, respectively.

(A) 1956-1986, (B)1987-2000. Recent
increase in Northern Xinjiang is apparent.

The response of regional water resources to the
climatic changes was investigated in Xinjiang,
China. Water resources were changing under the
influences of both human and climatic factors.
The outcome presented the holistic perspective of
future water resources in Xinjiang.

Fig.4 shows the detected hydrological change
in the rivers in Xinjiang. Increase in discharge
may implicate the effect of global warming (Aji
et al., 2008) .

(5) Heat island studies in Tokyo Metropolitan
Area
Heat islands in Tokyo Metropolitan Area were
researched by using remote sensing and GIS. The
results showed the decadal changes in heat
islands and its effect to local weather conditions
(e.g. Harada and Kondoh, 2005; Shiraki et al.,

2008).

2-3 Environmental Information Base Projects

Fig.5 An example of land information systems.
Characteristics of land can be interpreted
by .inspecting the browse maps. This
system can be used substitute of Hazard
Maps.
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Fig.6 Potal site of satellite image browsing
system.

(1) Land Information Browsing System

Homepages that publish digital thematic maps
was constructed on WWW and open to public
through Internet. The datasets include secondary
products of satellite data and thematic maps on
land characteristics. Fig.5 shows an example of
such a homepage.

(2) Satellite Image Browsing System
Homepages that show past satellite images
were constructed on WWW and open to public
through Internet. Accumulation of past imageries
after 1972 could produce new information
through synergy with clients who are the

specialist of many fields and sectors.

By inspecting images through this page, we
can find many environmental changes that may
be serious issue to be solved in the region. Fig.6
shows the portal site of such a image browsing

system. When you click the tile (48, N-28), the

o s s

Fig.7 Landsat images in 1990 and 2000. Original
images are NASA Geocover TM Mosaics.
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Fig. 8 Time changes in northern coast of Hatiya
Island, Bangladesh (Original diagram by
Ohtani, 2009) .

pop-up appears (Fig.7) and find the changes in
coastal lines in Bangladesh between 1990 and
2000.

The recognition of the fact may urged us to
study the time changes of the coast in the mouth
of Ganges. Fig. 8 shows the changes in the coast
line at the north part of Hatiya Island. The coast
lines are delineated by JERS1 SAR data because
SAR is all-weather type sensor. Image analyses
reveals the coast had been recessed about 5
kilometers during past 15 years. The recession
rate show the correlation to precipitation amount
that means the erosion is a working of nature.

3. Final remarks

Global issues are appeared as a problem in a
region. We have to keep close observation of the
any places in the world, especially in Asia.
Satellite remote sensing is a powerful tool to
detect surface changes due to its temporal and
spatial nature.

However, outcomes of area studies often
consider as case studies. We do emphasize the
importance of area studies because the world
consists of many regions. There is no universal
means to solve all the regional issues. We should
accumulate the outcomes and experiences from
the region. '

To organize the many achievements from the
region, databases should be constructed to share
the outcome from the regions. Solution should be
based on the collaboration among different fields

and different sectors.

Remote sensing is a effective tools in the
collaboration work because accumulation of Earth
Observation Data during past 30 years is- vast.
Change detected include the effects of climatic
and human factors. The problem is the one
concerning the relationship between nature and
human in a region. We have to share the solution
between science and local sectors based on the
real understanding of the problem. It is the goal
of the Project 4. .

We have to find the signals of environmental
changes, and locate it to global spatial framework
toward satellite environmental change science.
Solution should based on collaboration.
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Abstract

Bortala River, originated from the Alatao Mountain in Xinjiang China, is supplied mainly by the melting snow.
The annual melting snow is about 45% of the total annual run-off. The annual monthly maximum run-off usually
occurs in June, run-off in April to June consists 60% of the total in snow-melt seasons. Temperature of the river
basin has started to heat up since late 80s in last century, and the annual mean temperature raised from 5.5 that
is in 60sto 7.9 in 2000s, annual precipitation has been in the tendency of rising too, especially got its peak in
springs. Along with the climatic warming, there has been an enormous change in the hydrological process of
the river, it mainly includes that the monthly maximum run-off in June hasshifted to May, the total monthly
run-off has increased about 15%, and the percentage of monthly melting snow in April to June in total run-off
has raised from 60% to 70%. In the change tendency of long standing, raising of the temperature mainly occurs
in winter, increasing of the precipitation in winter is also distinct, the hydrological process is mainly obvious
decreasing of the run-off in summer and obvious increasing of the run-off in spring. Analysis by the image data
of the same time shows that the hydrological process caused by climatic warming has already effected the land

use/cover changes around the lake Ebnur that situated in the lower reaches of the river.

Key words: Bortala River, Hydrological ’
process melting snow, run-off, climate o A W‘*’E
e
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1. Introduction

Seasonal snow cover is the major water

source at many high mountain areas. There

20000 0 20000 111

are over 1 billion populations globally who e
depend on these snow water as their water
resource supply. It is used in family, Fig.1 Location map of the study area

agriculture and industry, including power

generation in some cases. Over 80% water resources in Xinjiang are formed at the mid and high mountain areas



around basins. Glaciers, snow cover and melt water at high mountain areas are the major recharge sources of
rivers. With temperature rise caused by global change at cold areas of high mountains, the change of precipitation
is sensitive here.

In this research, recent chaﬁges of hydrological processes in Bortala River were specially discussed.
Multi-temporal satellite dates and meteorological observations of Bortala River basin were used for evaluating the
climatic changes of Bortala River basin. Finally, the relationship between the change of hydrological processes in

Bortala River and the climatic change in the area were discussed by using the Mann-Kendall way.

2. Object area

Bortala River is located at Hongbielindaban, the junction of Alatao Mountain and Biezhentao Mountain. The
area of drainage basin is 11367km”, and the total length of the river is 252km. It passes through Wenquan County
from west to east, and flows into Ebnur Lake via Bole(Figl). The source of the ditch passes up to Kazakhstan. We
take the river basin above Wenquan County as the upstream of Bortala River basin, that is, the drainage basin
above Wenquan Meteorological' Station. With the length of about 100km, Wenquan Meteorological Station at the
upstream of Bortala River is located at 44°59'N and 81°04'E within Wenquan County. With the altitude of 1133m,
Wenquan Hydrologic Station enjoys the annual average precipitation 199.7mm from 1971 to 1980. Among them,
39% in spring, 36.3% in summer, 17.9% in autumn, 6.8% in winter. Bortala River is fed with snowmelt, rainfall

and underground water.

3.Used data and Methodology

In this study, multi-spectral image data, multi-temporal meteorological and hydrological observations of
Bortéla River basin for about past 50 years, are used as an input data for evaluating the change of hydrological
processes in Bortala River and the climatic change of Bortala River basin. For analyzing the climatic change for
study area We extracted the precipitation and temperature data of the study area during the period 1959~2008
- from the meteorological and hydrological station which located in Bortala River basin.

A subset of each of the Landsat MSS digital images(1972, 1977), Landsat TM digital image(1990), and
Landsat ETM+ digital image(2003), were used for evaluating water area change detection of Ebnur lake region.
Only the TM and ETM+ images were used for another three lake regions. The digital images were geometrically
calibrated to each other to facilitate their comparison for Ebnur lake region. The 1990 Landsat TM image, which
was supplied by Earth Satellite Corporation, had already been rectified and georeferenced to UTM map projection
(Zone 44), and WGS1984 ellipsoid. Then, this image was therefore employed as a reference scene to which the
1972 Landsat MSS scene, the 1977 Landsat MSS scene,  and the 2003 Landsat ETM+ scene of Ebnur lake
region were registered. Using image to image registration, the other 3 images (MSS of 1972, MSS of 1977, and
ETM+ of 2003) were matched to the TM image with the total root mean square error (RMSE) of less than
half-pixels. The nearest neighbor resampling method was used to avoid altering the original pixel values of the

image data. Finally, the relationship between the change of hydrological processes in Bortala river and the
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climatic change in the area were discussed.

4. Results and Discussions

4.1 Climate change
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Fig.2 Average temperature distribution over 10years at  Fig.3 Yearly temperature at Bortala Methodological

Bortala Methodological Station in 1961~2008. Stationof Bortala River basin from 1959~2008.

4.1.1Temperature rise due to climatic warming is obvious. The average temperature rises to 7.90in the 2000s

footimeS51960s(Fig2,Fig3), Among them, temperature rise in winter reaches its peak(Fig4).
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Fig.4 Increasing rates of monthly temperature change in Fig.5 Increasing rates of monthly precipitation in Bortala
Bortala River Basin during 1959~2008. River basin during 1959~2008.

4AlnRual precipitation is on the rise. The increase of rainfall mainly occurs in winter and early spring; while
precipitation is on the decline from June to August and from October to November. The greatest reduction occurs

from June to August in most cases(Fig.5).

4.2 land use/cover change around Lake Ebnur
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to 267.2kmin 1990, and Fig.6 Land use/cover map of Lake Ebnur region from Landsat MSS/ TM /ETM+

then to 734.4km?in 2003 for the studied area of Lake Ebnur region. The water class has also showed a significant
change in this area. In 1972, there were 528.2km?of water area (or 12%), which declined to 524.8 km? (or 11.9%)
by1977. On the contrary, the water area has increased in 1990 from 547.6 km? (or 12. 4%) to 1029.2 km? (or
23.4%) in 2003, which means, the water area changes of Lake Ebnur were governed by cultivated chahges from
1972 to 1990. After 1990, water area has

doubled without regard to even the growth 100 ¢
% . e 19605

of cultivated area.
: 1970s

1980s
4.3 Hydrological processes
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With climatic warming, the change of
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hydrologic processes of rivers within the 2008

year is conspicuous. It is mainly reflected 0 |

in the following: the maximum runoff is I o
advanced from June to May, and the

runoff within the year moves forward.
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Adaptation for global warming
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Abstract

Through this writing, the author intends to introduce the significance of the establishment of the endorsed chair for global

warming at Center for Environmental Remote Sensing, Chiba University. Then, it focuses on general approach to environmental

issues related to weather based on much experience that we have been engaging in production and diffusion of various weather

services. Finally, it addresses the possibility that Transportation Weather contribute to reduce environmental load.

Keywords: global warming, weather service, transportation, modal shift, northern sea route

1. The establishment of the endorsed chair and its
significance

Joint projeét between Weathernews Inc. and Center for
Environmental Remote Sensing at Chiba University started
several years ago. In an effort to enhance research and
collaboration between industry and academia, we established
the endorsed chair inside the center last fall. We hope this
place for the industrial-academic research to be an interface
that academic researches are taken advantage of for practical

- use which contributes to the society.

It has been a while since IPCC report pointed out the
possibility that greenhouse gas emission caused by human
activities can accelerate global warming. Along the way,

effect to global warming has been monitored, and the-

phenomenon to be ascertained popped up and then studied.
At the same time, announcement of the effects by global
warming, and giving research on possible countermeasure
and adaptation are also important. Coincidentally, COP15
was held in Copenhagen in December 2009 to discuss
scheme of post-Kyoto, which gives me a feeling that
proposal of countermeasures / handling / adaptation for
global warming and concrete actions to realize them are
important and urgent to achieve the greenhouse gas reduction
target. We hope more and more people to be concerned about
environmental issues including global warming, to recognize
it is near-at-hand matters, to deepen understanding on them,
to research and verify countermeasures / handling /
adaptation for such issues, to propose concrete
countermeasures, and take actions to realize the proposal.

Setting up the main theme of the endorsed chair as
“Research on handling and adaptation for global warming
taking advantage of remote sensing and meteorological /
hydrographical information,” we give researches related to

connection between transportation and weather in particular.
More concretely, our ongoing researches are 1) development
of the Northemn Sea Route through the Arctic Ocean, 2)
observation on snow ice on road surface by micro wave in
Transportation Weather field, and 3) investigation of effects
caused by global warming with remote sensing and
numerical model.

Transportation operated outside (Sea, Sky, Road, etc...) is
strongly affected by weather on a daily basis, therefore many
Transportation Weather services have been provided to
reduce such influence for achieving business goals.

Weather service has its history that it has been developing
together with transportation (shipping industry and aviation
industry). The CO2 emission from transportation activities
which has strong connection with weather accounts for 20%
of the entire CO2 emission of Japan [1]. This figure shows
that it would be great contribution to achieve the greenhouse
gas reduction target if the challenge to reduce CO2 emission
in the field, therefore we believe proposal of a new service in
Transportation Weather field which aspires for contribution
to the environment results in global warming prevention.
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you get CHANCE, meaning that you need to approach the
issue without having any “taboo” in mind when you tackle a
whole new challenge or value-creation. I strongly believe
CHANGE become CHANCE only when there is no
“Taboo” in your mind.

Unfavorably, in terms of the discussions regarding the
amount of CO2 emission in logistics field, each company
insists on legitimacy of one’s way of logistics. It follows that
there is “taboo” that they don’t go into adopting other ways
of logistics. The important challenge with collaboration
between industry and academia surely needs an idea which is
not limited to such vicious trend and taboo. I want to achieve
carrying through “Transportation Weather” by industrial
academic collaboration.

CHANGE

TABOO

CHANCE !

fig.2 Take the Taboo.

2. An approach to the environment issue from the
meteorological point of view

Recent increasing recognition and literacy of weather
information service have boosted up public nature of weather
information, and now its stage has reached to such high level
that Weather is advocated to be the fifth public utilities asset
following Water, Energy, Transportation and Communication
(WETComW). Due to this high level enhancement on public
utilities asset, public recognition of weather information is

moving from a stage that it is granted to a stage that it is

thought to be self-fulfilling management, “weather around
you can be predicted by yourself.” Meanwhile, weather itself
may not be controlled by human being. It is extremely
difficult, could be said impossible, to control weather from
both technological and economical perspective, like making
rain happen or diffusing storms. On the other hand, most
environmental issues such as global warming are thought to
be stemmed from accumulation of long-term human
activities. Therefore, I believe It may be no exaggeration to
say “we can control, or at least change, the environment.”
However, this issue could not be solved by one’s
understanding or effort. Every single challenge surely needs
cooperation by lots of people. One’s power is so small that

seems it can change nothing, However, its effect can be
enormous by cooperating with many people. Given the
above, challenges to environmental issues are surely the
themes which require public asset management with the
mind of helping others succeed. :

By the way, I believe that countermeasure and adaptation
to global warming should not be discussed in the context of
“Saving” but in the context of “Best yield.” Economic
activities should not be hindered by the notion of “Saving”
which brings shrink way of thinking. What is important to
this approach is to pursue “Best yield” by eliminating waste,
and unevenness, and doing something impossible. To
achieve stable economic growth, the countermeasure and
adaptation should be balanced, which enables more effective
economic growth, while trying to reduce environmental load
in the context of “Best yield.”

Most industry and economic activities are more or less
affected by weather condition in some way such as delay or
halt of its works, which degrade best yield. Therefore, many
weather services have been provided to reduce such
influence for achieving their business goals. By taking
advantage of weather service, you can reduce negative effect
caused by weather condition, and therefore be able to achieve
your business goals more effectively, which definitely leads
to “Best yield.”
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fig.3 Weather and environment.
3. Transportation weather and environmental load

3.1. CO2 Emission load in the Transportation
Industry

Total CO2 emission of Japan amounts to 1,270,000,000
ton (in 2006), and 20% of them are emitted from
Transportation industry, which is 250,000,000 ton, following
Manufacturing industry which accounts for 39% of the total
CO2 emission. Looking into the details of Transportation
industry, automobiles annually emit 220,000,000 ton (88%),
then ships 13,000,000 ton (5%), airplanes 11,000,000 ton
(4%), and trains 8,000,000 ton (3%) [1].



Given the statistics above, implementing CO2 emission
reduction to Transportation industry, particularly to
automobiles, can make great contributions to reduce total
CO2 proposal  of
environment-oriented new service centered at Transportation

~ industry will contribute to counter global warming.

emission of Japan. Therefore,

3.2. Modal Shift approach to the domestic commercial

logistics among the Truck, coastal ferry ship, train and

air transportation (The holistic optimization by
. Monitoring System)

Expanding our vision form Transportation to logistics,
Modal Shift is catching attention as a means to reduce CO2
emission. Modal Shift is alternation of transportation mode,
historically from transportation by truck to train or ship
which enable mass transportation therefore have less
environmental load. After it is presented as a means to energy
saving after oil crisis of the 1970’s, several effects have been
expected on Transportation issues (ease congestions / reduce
traffic accidents) and on the environment (reduce gas
emission including CO2).
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. fig.4 Modal shift approach.

Some statistics on energy effectiveness and environmental
Joad of each transportation mode show that trains and ships
are superior transportation mode than trucks in terms of
environmental load because they need less energy and emit
less CO2, which reasons Modal Shift. There was a case that
Modal Shift to ferry ships between Kanto Area and Kyushu
Area succeed in reduction of 60% CO2 emission. (‘“Proving
experiment to aim at establishment of best transportation
mode to the environment”, Oceantrans Ltd./Ocean Tokyu
Ferry [2]). o

According to the statistics on transportation energy
directory by Ministry of Land, Infrastructure, Transport and
Tourism in 2006 [3], energy consumption of Truck is
2,257KJ/ton-km while Trains and Ships are 528KJ/ton-km
and 494 Kl/ton-km, respectively, which means that Trains
and Ships need amazingly less energy consumption that

Truck, and therefore are more effective transportation mode.

At the same time, CO2 emission of Truck is
0,15kg-CO2/ton-km while domestic shipping and trains are
0,04 kg-CO2/ton-km and 0,02 kg-CO2/ton-km respectively
according to some material disclosed by Ministry of the
Environment [4]. That means Trains and Ships are also better
than Trucks in terms of environmental load.

Modal Shift rate, however, was 55% in 1975, which
gradually going down to 35% by 1980, then 40% currently.
This stagnation of Modal Shift rate has so many reasons such
as traits of each transportation mode, infrastructure,
distribution system, industrial structure and so on. Among
them, one of the biggest reason is the rapid increase of
transportation amount by Truck, which has become four to
five times as it was in 1975, going through last thirty years
because of enhancement of expressway network and
convenience of high frequency retail transportation and
delivery service to house. During the thirty years,
transportation amount by Train and Ship become just twice.

When it comes to Modal Shift to domestic shipping, main
problems are slower transporting and uncertain arrival time.
In terms of uncertain arrival time, it is considerably affected
by weather and hydrOgraphjc conditions. Therefore, heavy
weather should be taken into account for operation control.
For example, in response to expected weather or
hydrographic conditions, you can change speed and route of
ships in order to minimize the gap between estimated arrival
time and actual arrival time. Additionally, service related to
weather and hydrographic information can support
coordination between sea and land transportation. Of course,
they should be provided in a balanced manner in light both of
less environmental load and of certainty of cargo arrival.

To strongly drive Modal Shift, the cargo owners should
have the notion of “strategic commercial logistics” by their
itiative. Looking back, the suggestions of Modal Shift are
from Trains or Shipping industry insisting that they aim at
energy saving or gas emission reduction. However, it feels
that they end up with fighting for transportation mode
alternation for one’s favor, without having a view of
environmental well-being. To realize the concept of Modal
Shift into firm business model, the cargo owners should not
be limited to fixed transportation mode. It would rather be
expected more flexible and dynamic transportation mode that
they choose the best transportation mode in each case by
taking into situations (sea, road, airway) consideration while
coordinating with several transportation modes, having the
viewpoints of achieving business goals and environmental
load. That is “strategic commercial logistics.” Under the



concept of holistic optimization, the cargo owners, each
transportation mode and all relevant people should try to
reduce environmental load while dealing with dynamic and
transient business environment in order to achieve business
goals more efficiently. We need a base for sharing necessary
information and for supporting dynamic information sharing,
which we call “ECO operations,” so that such flexible and
quick transportation scheme. :

If we look at Modal Shift from the viewpoint of
weather-related service, Transportation Weather has almost
surpassed the stage to support each transportation mode, and
is reaching the stage to realize total optimized logistics by
coordinating every possible transportation mode. Not to say
decision-making support on transportation mode choice, a lot
more service will be needed such as evaluation report on fuel
saving or gas emission reduction. I am pretty confident that
Logistics Weather service will be established based on
Transportation Weather service in the near future.

T can not stop expecting that a new environment-oriented
service and therefore a new transportation scheme will be
bom from many discussions among the cargo owners and
relevant people.

33. The Northern Sea Route (The new route
discovery with the new vehicle)

As a result of recent sharp retreat of sea ice in the Arctic
Ocean in summer, feasibility of the Northem Sea Route
through the Arctic Sea is getting higher. In response to this,
we have established Global Ice Center to monitor sea ice in
the Arctic Ocean as a first step to realize the Northern Sea
Route.

Due to global warming, an amount of sea ice coverage in
the Arctic Ocean records the minimum in 2007, summer.
Notably, Canada-side route (Northeast route) and Russia-side
route (Northwest route) have been open for the first time ever
in the history in 2008. Also, IPCC estimates that there would
be no ice in the Arctic Ocean in summer by the end of this
century, thus meaning possibility of the Northem Sea Route
is getting feasible. In shipping industry, development of the
Northern Sea Route would be the second revolutionary
incident behind containerization. If the route developed, it

would drastically shorten the distance between Asia and

Europe by 40%, the distance between Asia and the Atlantic
side of North America by 30%. The optimization of sea
routes would reduce CO2 emission, thus resulting in counter
global warming. '

Global Ice Center, which integrates all the information on

sea ice in the Arctic Ocean generated by each country under
one’s jurisdiction, takes on a role to lay out the framework to
let a ship safely pass through the Northern Sea Route
anytime. We would like to support the voyages by “Ice
Routeing,” a service for Voyage Planning. More concretely,
Global Ice Center collects and integrates information on sea
ice in the Arctic Ocean and keeps track of current sea ice
conditions, and then anticipation of future sea ice conditions

by “I-SEE engine.”

Additionally, we are planning to monitor sea ice in the
Arctic Ocean from the outer space by a compact satellite
whose launch is scheduled for 2010. Beginning from Global
Ice Center and the mission specific micro satellite, we are
going to challenge the development of the whole new sea

route. —~
SR coEET, LENBOTEEIARIEESTID,
2O0VAE NS \1
. s |
fig.5 The Northern Sea Route.
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Estimation of sugar beet yield based on soil type through analysis of satellite data
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Abstract :

Inord er to assess the fe asibility of d eveloping a n ef ficient su gar beet cultivation su pport sy stem to
effectively reduce the costs of beet cultivation, beet collection and sugar production using an agricultural spatial
information, and also to predict the root yield of sugar beet three months before the harvesting season, an analysis
of satellite data and meteorological data was carried out in this study.

For predi cting the r oot yiel d of sugar " beet, the analysis of th e growth was conducted around the town of
Memuro, Hokkaido, Japan. The cumulative temperature (T), cumulative rainfall (P) and cumulative solar radiation
(R) from the end of April to the middle of July were selected as the predictors of the root yield (RY) prediction
formula. :

RY=0.043675R+0.02783T-1.09513P-39.634(r*=0.87**)

The predictive error was 3. 8t/ha, that was the resu It calculated by the farmers group, after weighted to the
predicted root yield using NDVI which was derived from SPOTS satellite data. The results sug gest that it was
possible to predict the root yield before three months of har vesting season. By providing such result to su gar
companies in m uch earlier before harvesting, the sugar beet collection and sugar production efficiency will be

increased.

Keywords : root yield prediction, precision agriculture, cost reduction

1. Introduction
" Thep roduction o fb eet sugar in Hokkaidoi s about

640,000 tons, whichis 3 /4 of the to tal national production
(Ministry of Agriculture, Forestry and Fisheries, Japan 2006).
The Japanese government is implementing a “New policy on
sugar beet crops and  other sweet resources” policy, through
which itai msto reducetheco st ofthe production and
- manufacturing processes.

In order to assess the feasibility of developing an efficient
sugar b eet cu ltivation support system to e ffectively reduce
the co sts o fbe etcu ltivation, beet co llection a nd suga r

~ production using an agricultural spatial information, and also
to predict the root yield of sugar beet three months before the
harvesting season,ananalysi so f satellite dataand

meteorological data was carried out in this study.

2. Methods
2.1 Study site

This stud y was cond ucted aroun d the to wn of Memuro
located in the middle west of ~ the Tokachi plain, Hokkaido,

Japan (longitude 143.1°E, latitude 42.9°N) (Fig. 1). The area
of the test site in this study is 22.6km from east to we st and
35 4km from north to south, in which large-scale agricultural
management is perf ormed. Th e acreage of sugar be et
cultivation is 3,505ha in Memuro, and the average cultivation
area of sugar beet per farmer is 6.9ha(Ministry of Agriculture,
Forestry and Fi sheries, Japan 20 07). The test site can be
divided into three geographical types: lowland, low, middle
and high terraces (Koji Kikuchi 1981).

E115'

E130°

Figl. Study site



2.2 Ground truth data
Sugar beet field observation data was prepared to ana lyze
ther elationship between beet topsa ndr ooty ield. To
measure t he pl ant hei ght, 1 eaf color (SPAD: Soil & Plant
- Analyzer Development), root yield and sugar concentration,
investigation points were set in 56 d ifferent 1 ocations each
with an area of 3 rowsx7 plants (Fig 2). The field survey was
performed from Ju ne to Oct ober in 2006 an d 2007 . In
addition to t hesedata, the ann ual average root yield in
Memuro fro m 199 0to 2007 were prepared, whi ch was
compiled by Hokkaido Government Tokachi Subprefectural
Office.
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Fig .2 Outline of a ground observation point

2.3 Meteorological data

Dataon cu mulative te mperature, cu mulative rainfall
and cumulative solar radiation from the end of April to the
middle of July was collected from Obilﬁro meteorological

observatory and Memuro observation site.

2.4 Satellite data and GIS data

SPOT data was acquired on July 27, 2006 and July 27,
2007. GIS data 02006 and 2007 was used to identify sugar
beet fields from the satellite data.

2.5 Procedure

The procedure for predicting the root yield is described
in Figure 3.

To derive the root yiel d prediction equation, multiple
linear regression analysis was exec uted using the data on

cumulativet emperature, cumulativer ainfalla nd
cumulative s olar ra diation from the end of April to the
middle of July from 1990 to 2005. The avera ge r oot
yields of Memuro town in 2006 and 2007 were predicted
using the yield prediction equation.

Secondly, the digital values of sugar beet fields derived
from the satellite data were ¢ onverted to s urface radiance
NDVI was

calculated from the radiance values of all sugar beet fields

values,a nd them ajority value of the

in Memuro.

The predicted yield o btained from the meteorological
data and the m ajority value of NDVI are presumed to be
equal, and the NDVI values of w hole sugar beet fields
were transf ormed intoa a bsolute r oot yield value after
calculating the predicted yield value in proportion to the
NDVI value.

Finally, to val idate the root yiel d prediction results of
2006 and 2007, the predicted root yields of the farm ers;
groups were compared with the ob served ro ot yields by
calculating RMSE.
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Fig. 3 Procedure of image analysis

3. Results and discussion

The relationship between SPADxplant height and the root
yield was investigated. There is positive correlation between
[SPADxplant heightjon July 12 and theroot yiel d on
October 4, 2007. The coef ficient o f d etermination i s 0.64.

E
i



The result shows that sugar beet with a larger amount of leaf
and stem in VJuly hasa higherroot yield inthe harvesting
season, anditis al so suggested thatthe root yieldin the
harvesting season is determined by the growth status of beet
tops in July. Moreover, there is po sitive correlation between
[SPADxplant height] and NDVI on July 27, 2007 (?=0.6) .

Through these results, it may be possible to estimate the root
V yield of sugar beet about three months before the harvesting
season.

For predicting the root yield o f sugar beet, the analysis of
the g rowth was co nducted around th e to wn o £ Memuro,
Hokkaido, Jap an. The cum
cumulative rai nfall (P) and cum ulative so lar radiation (R )
from the end of April to the middle of July were selected as
the predictors ofthe rootyiel d(RY) prediction fo rmula.

The root prediction formula derived from these predictors is

ulative temperature (T),

as follows:

RY=0.043675R+0.02783T-1.09513P-39.634(12=0.87%%)

The coefficient of determination of the prediction formula
is 0.87, which s significant at the 1% level. RMSE is 3.2¢ha,
which is calculated fr omthe pr edictedr ooty ield and
observed root yiéld

In our pr evious res earch, w e re ported t hat therewasa
positive correlation between the root yield at the harvesting
seasonandt he amounto fbeettopin Julyandt hat was
possibleto estimate the root yield by analyzing the SPOT5
satellite data acquired in Jul y(Chiharu Hongo et al . 2006a),
2006b), 2008, ).

However, the absolute root yield value cannot be obtained
before the harvesting season even if the satellite data in July
is applied to this p rediction approach because it is necessary
to know the ground observation root yield-data o f October,
which i sin put into th e p rediction' formulat o derive the
absoluter ooty ieldv alue. T hus,w ef ocused on the
relationships between the beet top biomass and NDVI in July
and rootyield in October, and the absolute root yield value
was derived using the following prediction procedure.

The root yield predicted using the formula is replaced by
the majority NDVI valu e of the beet fields cultivated in the
study site. The p redicted average root yieldis converted to

the root yield of individual sugar beet fields in p roportion to
the NDVIv alue. Finally, the aver age rootyield ofeach
farmers’ groups was cal culated from the yields of individual
sugar beet fields. - ‘

The scatt er graph in Fi gure 4 sho ws th e rel ationship
between the prediction root yield and the observed root yield
in 2007. The ground observed root yield data was collected
from the observation points on farmers’ fields, each of which
consisted of th ree rows of 7 plants. T he RMS E oft he
predicted value relative to the observed root yield was 4.8t/ha,
corresponding to an error of about 6.8% against the observed
value of 70.54t/ha. However, the RMS error of the predicted
value was 3.8t/ha after eliminating the fields with the brown

lowland soils.
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Fig4 Relationship between predicted yield and
observed yield of the field observation points (2007)

4. Conclusion

To assess the feasibility of developing an efficient sugar
beet cu ltivation su pport sy stem to ef fectively reduce the
costs of beet cultivation, beet collection and sugar
production using agricultural spatial information, and also
to predict the root yield of sugar beet three months before
harVesting se ason,a na nalysis ofsatell iteda taa nd
meteorological data was carried out in this study.

The results show that itis possible to predict the root
yield with high accurac y using the m eteorological da ta

and satellite data. In this study, we have constructed a new



yield pre diction method using the average root yield in
region predicted from meteorological data replaced by the
majority of NDVI value of the beet fields.

By p roviding suchr esults to su gar co mpanies mu ch
earlier before the harvesting, the efficiency of sugar beet
collection and sugar production is expecte d to increase
substantially, whic hwil 1leadt

environmental benefits.
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Abstract

In this study, we develop a vicarious calibration technique and estimation algorithm of radiation budget for

the global analysis. The vicarious calibration technique using three components (clear sky sea surface, clear sky

land surface, uniform cloud top) is applied to the geostationary satellites. This vicarious calibration technique is

based on radiative transfer calculations and it has each optical properties (aerosol, cloud, surface BRDF/albedo) in
three components. The quality of three geostationary satellites (GMS-5, GOES-10, GOES-8) visible channel fixed
accurately for global analysis. An accurate calibrated data set propose the better accuracy for analysis of cloud and
radiation budget. Thus, cloud and radiation budget analysis algorithm are applied to new calibrated data set for
global analysis. This is first result of trial for global analysis.

Keywords :Radiation budget, Vicarious calibration, Geostationary satellite.

1. Introduction

Clouds have a strong influence on the solar energy
budget and on the Earth climate as discussed in several
studies [Manabe 1967, Schneider 1972]. Clouds can
cool the Earth by reflecting solar radiation and also
can keep the Earth warm by absorbing and emitting
terrestrial radiation. They are important in the energy
balance at the Earth surface and the Top of the
Atmosphere (TOA) and are connected complexly into
the Earth system as well as other feedback processes.
~ Szilder and Lozowski [Szilder and Lozowski 1995]

and Szilder et al. [Szilder et al. 1998] discussed cloud
feedback processes using zero-dimensional time-
dependent climate models including three climate
feedbacks. They showed that a drastic environmental
change was caused by the change of cloud water
amount. However, their model has an uncertainty in
the optical characteristics of clouds. Wetherald and
Manabe [Wetherald and Manabe 1988] discuss the
cloud feedback process using a General Circulation

Model (GCM). Tsushima and Manabe [Tsushima and

Manabe 2001] tested cloud feedback sensitivity to
global mean surface temperature based on -explicit

definition of cloud feedback processes. They estimated
the difference of the global mean surface temperature
between the model and the observation. GCMs have

- strong cloud feedback sensitivity to global mean

surface temperature. Based on observations, the global
mean surface temperature showed that it was unrelated
to the cloud feedback process. Therefore it is
necessary to estimate the influence of the clouds on
radiation budget from observations
Accurate estimates of the large scale radiation budget

accurately.

is an urgent need for improved model parameterization
and for a better understanding of the Earth system.
Geostationary satellite observations are useful for
estimating the upward and downward solar radiation at
the surface and the TOA over wide regions and at high
temporal resolution. One of the key factors in the
estimation is a sensor calibration. Geostationary
satellites have some issues in the calibration
procedures. In this study, we developed a vicarious
calibration technique- for global analysis. vicarious
calibration technique using three components is

applied to three geostationary satellites (GMS-5,

- GOES-10, GOES-8). It is based on radiative transfer



calculations and it has each optical properties (aerosol,
cloud, surface BRDF/albedo) in three components.
The optical characteristics of atmospheric particles
were supplied in the analysis by Terra/MODIS data for
aerosol and cloud using Retrieval of Aerosol optical
Properties (REAP) [Higurashi and Nakajima 1999,
2002] and Comprehensive Analysis Program for Cloud
Optical ~ Measurement  (CAPCOM)  -algorithm
[Nakajima and Nakajima 1995, Kawamoto et al.
2001], respectively, and by objective analysis data
Japanese 25 years (JRA-25) for
temperature, pressure, water vapor and data set of
EarthProbe/Total Ozone Mapping Spectrometer
(EarthProbe/TOMS). The albedo in the sea surface
was decided from the wind velocity of sea surface, and
land surface albedo is used a MODIS standard product
of Bidirectional Reflectance Distribution Function
(BRDF) 16 day mean product fixed by each spectral
response function.

Re-Analysis

In addition, radiation budget analysis is applied to

new calibrated data set (September 2002). We apply
the Extreme speed and Approximation module
Multiple drive System (EXAM SYSTEM) that
construct by Neural network solver. The solver for
solar radiation budget built by the NN is based on
radiative transfer calculation using radiative transfer
code. NN traces the radiative transfer code that is
approXimated by learning algorithm. This manuscript
shows the first result of trial for global analysis.

2. Vicarious calibration

Vicarious calibration is one of the -effective
calibration method for satellite sensor. It correct the
degradation of sensor sensitivity using Top Of
Atmosphere (TOA) radiance based on
atmospheric and surface components. As a radiative

some

transfer code, Remote sensing System for Transfer of
Atmospheric Radiation (RSTAR) is used [Nakajima
1986, Nakajima 1988] in this study. It simulate the
GMS-5/VISSR  radiance using three components
(Ocean, Land surface, and Cloud targets). There are
selected by a strict quality control for conciliation of
radiance between observed and radiative transfer
calculation.

The vicarious calibration is adjust of TOA radiance
for satellite sensor, it is conciliation of observed
radiance and radiative transfer calculation output.
Generally, pre-launch calibration is done by the

integrating sphere measurement or filtered clear sky
solar irradiance. The long-term degradation or the
sensitivity error of just after launching is corrected by
radiative transfer calculation on orbit. The concept of
vicarious calibration using TOA radiances is as
follows:
L(;g;rect)= L(T,gj—launch IS¢ a+ b

where, L and LY are TOA radiance
based on pre-launch calibration and corrected one. a
and b are calibration coefficients decided by TOA
radiance adjustment. TOA radiance with simplification

are as follows :
Lioi(A; 6, ?90,¢0)=Lmy()\ ;0, ¢';60,¢0)

+Lpar(2\; 91 d> ;90,¢0)+Lmy | par (A ;91 ¢;60, d)o) (1)
+t(A ;e)XLm[ ()\ ;0’ ¢1‘60,¢0)+Lsu/'|arm(‘\ ;6 H ¢; 00,¢0) .
where, A is a wavelength. 6 and ¢ are

satellite zenith angle and satellite azimuthal angle,

6, and ¢, are solar zenith angle and solar
azimuthul angle respectively. L, is a rayleigh
scattering by air molecules and L, is scattering by
aerosol particles. L, |, is the interaction between
air molecules and aerosol particles scattering. Each
elements are including multiple scattering. ¢ is an
atmospheric transmittance of assumed plane parallel
atmosphere and L,, is a radiance reflected by
surface (land and ocean surface), it contains the
consideration of Bidirectional Reflectance Distribution
Function (BRDF). L. ., is a interaction between
surface reflection and atmosphere. The simulated
sensor radiance is converted by each wavelength
radiance as follwos:

[ w(A) LA dA
~ [wa)da

TOA
w(A) is a weighting function of sensor response.
Generally, it is a discrete value that obtain from
measurement using integrating sphere. Therefore,
is can be simulated by radiative transfer code

~

LTOA
with atmosphere and surface condition in vicarious
-calibration. It needs each paremeters: the atmospheric
pressure and the absorption gasses profiles for L., ,
the particle optical characteristics for L,, , the sea
surface wind speed or the land surface BRDF
parameters for L, respectively. Each interactions
and atmospheric transmittance are decided by total. All
parameters must be independent from target satellite
data for the calibration.



2.2 Target selection

The surface and atmospheric parameters are required
for vicarious calibration. It must be based on condition
to minimize the error of radiance between calculation

and observation. For example, cloud and white cap

contamination is a big uncertain element for match-up
of clear-sky radiance over ocean. Thus it must add the
filters for quality control. Three components are used
for vicarious calibration in this study; dark target is
clear-sky ocean surface, bright target is liquid cloud
top, and middle bright tafget is land surface,
respectively. Each sumples are selected on the
condition. The satellite veiwing angle 6 and the
solar zenith angle 6, are first select condition that
inhibit three-dimensional effect by inhomogeneity.
Deep angle causes illumination and ‘shadow by the
three-dimensional structure.hBasically, the samples that
are larger than 60 degree are rejected. This is a
common condition in all components.

Clear-sky ocean surface

Ocean surface is used as dark target that consists
atmospheric profiles, aerosol optical characteristics,
and sea surface albedo. Cloud contamination is
rejected by historical reflectance and split window

method [Inoue 1987]. Equation 1 is updated as.

follows:

LTOA(A"9’¢’.90,¢0)=Lmy(A 7'9:¢f90,¢0)

L, (A;0,¢; 90,¢0)+Ll'ay|aer(A;g’(i); 60,¢o)

+t(’\»‘Q)XLsea<A;6:¢:‘90,¢0)+Lsm|a’m(7\;9:(15:.90,(#’0)
where, L, and L, . are scattering by aerosol
in clear-sky ocean surface and interanction between
rayliegh and aerosol scattering respectively. The
aerosol optical characteristics (refractive index, size
distribution) is largest uncertainty in the radiance of
ocean surface. It changes L,, by absorption and
scattering, and its properties depends on wavelength.
Thus L, and L, variability is very large. In this
study, aerosol optical characteristics is retrieved from
MODIS L1B data set using Retrieval of Aerosol
optical Properties (REAP) algorithm [Higurashii999,
Higurashi2002]. The sensor observed radiance is
simulated using retrieved aerosol optical properties. In
addition, the sample points only with very thin optical
thickness of retrieved aerosol is used for calibration

(T <<0.1) .1t inhibit the L, and L., , thus
these are enough small. Ly, and L., ., are sea
surface reflection and interaction between sea surface

reflection and atmosphere. The sea surface albedo
decided by sea surface wind velocity. It is used only
under 10m/s samples that reject the white-cap
contamination. Thus, the sea surface albedo is low and

L enough small.
predominant and other uncertainty is inhibited by these
filters.

L, and L, are

sea | atm 18

Uniform liquid water cloud top

Liquid cloud top is used as bright target that consists
atmospheric profiles, cloud optical characteristics, and
sea surface albedo. Uniform cloud top is searched
using VIS and IR1 bands data spatial variance and
select the liquid water cloud (Tbb > 273K) with sprit
window method. It reject dense cirrus and ice crystal
contamination. Equation [ is updated as follows:

Ly 2,6, 50, ¢0)=Lray()\ .0, ¢"90,¢0)

+L (2,0, ¢ ;90.¢0)+Lmyluld(]\ 70,0, by)

+t(/\,'6)><LM(A;9,¢),'90‘¢0)+LW|M(/\;0,d),'Qo'cbo)
where, L., and L., . are cloud scattering and
interanction between cloud particle scattering and
atmosphere respectively. Also the cloud optical
properties (optical thickness, cloud droplet effective
radius) is retrieved from MODIS L1B data set using
Comprehensive Analysis Program for Cloud Optical
Measurement (CAPCOM) algorithm in this study.
Cloud with strong reflection is hardly has optical
characteristics sensitivity. The crux in vicarious
calibration is to simulate a sensor signal using optical
properties based on the observation. It can follow the
cloud change in long term climate. A change of the

size distribution causes the change of cloud
reflectance, similarly, absorption aerosol
contamination  decreases the cloud = nominal

reflectance. Long term cloud change in Earth climate
system is unknown yet. The calculation of radiance not
depends on the observation has the big risk, it does not
follow the cloud change. Because the liquid water
cloud is spherical, the optical parameter can be
obtained from satellite observation. The samples with
sensitivity in the optical characteristics are used in this
study (20<T7,,<40) . Thus because cloud optical
thickness is thick, L., is predominant. L., and

Liyq)am are enough small. These-filters inhibit the
uncertainty. ‘

Land surface with BRDF
Land surface is used as middle bright target that



* consists atmospheric profiles, land surface aerosol, and

surface BRDF/albedo. Cloud contamination is rejected .

by historical reflectance and split window method as
well as the ocean surface. BRDF/albedo is used from
MODIS 16 days product MODA43, it is predominant in
clear-sky land surface. MOD43 is based on Ross
ThickLiSparse-Reciprocal BRDF/albedo model that is
Jio 5 St s e

isotropic, volumetric, geometric. Black-sky albedo is

consists three parameters

used in this study. The wavelength dependency based
on land-cover classification is important factor in
surface albedo. Thus, BRDF/albedo is fixed by each
spectral response function.

3. Estimation algorithm

Three geostationary satellites (GMS-5, GOES-10,
GOES-8) were calibrated at September 2002. Cloud
and radiation budget analysis is applied to new
calibrated data set.

Cloud optical thickness

We used the Comprehensive Analysis Program for
Cloud Optical Measurement (CAPCOM) [Nakajima
and Nakajima 1995, Kawamoto et al. 2001] to retrieve
cloud optical thickness. This algorithm was also
adopted as one of the standard algorithms for the
Advanced Earth Observing Satellite II/Global Imager
(ADEOS-II/GLI) products [Nakajima et al. 1999].
The original CAPCOM estimated the cloud optical
thickness, effective particle radius, and cloud-top
temperature from visible, near-infrared, and thermal
infrared channels using a LUT calculated from
radiative transfer [Nakajima and Tanaka 1986, 1988]
under a plane-parallel and single-layer cloud model.
However, we applied CAPCOM to geostationary
satellites data to retrieve only the cloud optical
thickness using the VIS channel because water
absorbing channel is does not exist. Briefly, cloud
optical thickness is obtained as follows. First, each
pixel is classified using the IR1 and IR2 split-window
technique. Second, cloud optical thickness is retrieved
from the VIS channel with corresponding atmospheric
model profile data and scan geometries at the
observation point, such as satellite and solar zenith
angles and their azimuth angles. In the inversion
process, multiple scattering components due to bright
surfaces are corrected by the following:

Lobs(T;u ,[Jo’(b):L(T,'[J, Uo,d’)

A : Mo Fy
+t(r ) t(t;
» (T H)I—FAg (T Uo)_n
where, T iscloud optical thickness, u- and K,

are cos(satellite viewing angle) and cos(solar zenith
angle), respectively, ¢ is the Sun-satellite azimuthal
angle, 7 is spherical albedo in the channel, and Ag
is surface albedo in the channel. F, is solar
irradiance outside the atmosphere weighted by the
sensor response function. The function of ¢ is
atmospheric transmittance. The first term on the right
side of the formula is cloud scattering, and the second
term is interaction at the ground surface. albedo was
estimated from each geostationary satellite data by a

simple statistical method with a clear-sky condition.

Estimation of radiation budget

We applied the Extreme Speed and Approximation
Module Multiple Drive System (EXAM SYSTEM)
that controls Neural Network solvers by multi-
threading. EXAM SYSTEM can drive NN solvers at
the same time according to the number of central
processing unit (CPU) cores and the capacity. The
main advantages of the NN approach are computation
speed and the ability to consider multiple parameters,
as large data sets are not required. Highly accurate
radiative transfer codes can calculate solar radiation,
including the effect of gasses and particles. However,
researchers have had to deal with the trade-off between
calculation speed and accuracy. In general, satellite-
based estimation methods have used lookup tables
(LUTs). Because pre-calculated values are used, the
LUT method is effective when processing large
amounts of data. However, if the effects of absorbing
gasses and the optical characteristics of particles are
incorporated precisely, the LUT volume becomes too
large and slows computations. Including many values
for numerous parameters not only increases the LUT
volume but also requires complex interpolation /
extrapolation procedures [Sauer 1995, Gasca 2000].
Calculation speed falls markedly when a complex
interpolation / extrapolation procedure such as
Lagrangian interpolation is needed. The NN approach
is one solution to these problems, allowing for high-

.speed calculation and multi-parameter problems. The

simple structure of a NN and that fact that it needs
neither a large database nor complex interpolation /
extrapolation techniques make NNs appropriate for



approximating radiative transfer code. High-speed
calculation allows for more rapid analysis, and the
ability to handle numerous parameters will allow more
of atmospheric

options for advanced analysis

radiation.

4. Result

A part of the result is shown. Figure 1: Downward
shortwave flux at the surface, Upward shortwave flux
at the TOA. Three geostationary satellites (GMS-5,
GOES-10, GOES-8) VIS channel is fixed accurately
by vicarious calibration technique. Thus, gap is not
found in each satellite. Estimated flux product is
accurately connected. Each satellite flux products are
only displayed (the overlap area is not averaged, it was
simple paste at a midway point in each satellite). These
products are. available for validation of the GCM.

Upward shortwave flux at the TOA

Figure 1: A part of the result of shortwave radiation
budget analysis. Day time averaged image. Upper
side: Downward shortwave flux at the surface.
Lower side: Upward shortwave flux at the TOA.
GMS-5, GOES-10, GOES-8, each satellite flux
product 15 hours / five data is used.

- Formation of a Virtual Laboratory for
Diagnosing the Earth's Climate System - ’
In order to diagnose the earth's climate system under
severe stress such as a global warming, the cooperative
research centers (CCSR, HyARC, CAOS, and CEReS)
construct "Virtual Laboratory", and research climate
and studies
properties of each center. CEReS activities are

environmental cooperatively  with
Geostationary satellites global data archives and
construction of Satellite
Moreover, development of atmospheric radiation

information data base.

budget product. We aim at the contribution to a climate
model and the better understanding of the climate

system.
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Analysis of rice production and irrigation system in Cianjur, Indonesia
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Abstract

- It is necessary to supply food and manage water in Indonesia because of increasing population and climate
variations. In this study, relationships between rice production and weather condition or water management are
analyzed using GIS data in Cianjur, Indonesia. North area is more rice production than south area in Cianjur, and
both areas are stable. But precipitation fluctuates each year. We research the relationship between total production
and irrigation that include total irrigation, technical irrigation (T1) and rain-fed rice cultivation. '

Keywords : Indonesia, irrigation, GIS, rice production

1. Introduction
In Indonesia about 18% ofth e pop ulation is farmer ,
" and they have been suffering from their crucial conditions
such as (1) considerable rice production decrease in the
last 5 yearsduetom any unsuccessful program s and
disasters (inse ct diseases, flood, etc) (2) change ofla nd
use, fromrice field into o ther land use, i .e. set tlement,
industrial area s, t ourism (3) whenrice priceis  low,
farmers are not inte rested in the rice cultivation and they
pfefer toc ultivate otherc ashcro ps. And now,t he
population is growing year by year and it is predicted that
the population in 2050 will be 1.3 times larger than that in
2006. I't has misgi vings ab out the issues of food supply
issues. In addition, this area has the rainy season and the
dry season clearly, and when the climate change happens,
the rice p roduction am ount willbe als o a ffected. It is
concerned thata downpouran dalo ng-term water
shortage may occur more frequently in the future and the
food production will be influenced remarkably. Recently,
in the period of 1997-1998 and 2 002-2003, the drought
happened because of E1 N ifio, and itha d a big influence
on the production of rice.

To resolve these problems, it is necessary to maintain an
infrastructure to supply food and manage water resources.
So in this study, rice production data in the study site was
compared with elem ents of w eather condition and water
management in formation to und erstand the sp atial and
the yearly fluctuation of rice in each year.

2. Methodology
2.1 Study site

The study was carried out inthe Cia njur dictrict,
Indonesia (Fig. 1). The test siteis locatedinthe central
part of WestJava, wheret helo ngitudeis

106°42°~107°25’E and th e latitude is 6 ©21°~7°25’S. In
the study site, there are 17 vi llages in the northern area
and 13 villages in the southern area.

Fig. 1 Cianjur, West Java, Indonesia

2.2 Data sources

The so urce of statistical data from 2000 to 2006 was
published by Cianjur Central Bureau of Statics. The data
included the rice production, precipitation, total irrigation
number an d i rrigation data having five different le vels.
Irrigation le velsare dividedinto  Irr igasiT eknis
(technical irrigation: TI),I  rrigasi 1/2 T eknis, Irr igasi
Seder-hana, Irrigasi Non-PU and Tadah Hujan (rain-fed
cultivation). In this study, TI and rain-fed cultivation data
were used to avoid the ambiguity.

Because of lack of precipitation data of Cianjur in 2005,
the data was substituted for observingin  Cilacap where
longitude is 109°21’E and latitude is 7°73°S .

2.3 Procedure
After developing the dataset of rice production, irrigation
and precipitation, it was unified on ArcGIS. '

Based on it , relationships between total rice production
and annual preci pitation, tota 1pr oduction and total
irrigation, a veragerice productiona nd Tlan d yearly
change of number of farmers are analyzed.
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3. Results and discussion _
The total rice production and precipitation from 2000 to
2006 are shown in Fig.2. Average annual production of
rice in Cianjur is 611,459t . It is stable except for 2003 and
the rice pr oduction in northern area is higher than in the
southern area. Precipitation changed every year and much
decreasedin  2003. The production ofricethis year
decreased by 100,000t compared with the annual average
production. This shows that the rice production is affected
not only by weather condition, and then other factors were
compared with rice production. ’
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' Fig. 3 Rice total production and precipitation in Cianjur

Table 1 shows the yearly change of number of farmers
andra in-fed cultivation. Number of farmersin 2006
increased by 5 thousand ¢ ompare with in 2000. And
number of rain-fed cultivation increased. Number of total

more average rice production in the same proportion of
TI since 2003(Fig.4,5).
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Fig. 4 Rice average production map and proportion of water
management (ved: TI blue :vain-fed cultivation)

irrigation also increased. .

’ . 53 &
Table 1  Rice total production and number of farmers and . 6 " & 20000
rain-fed cultivation s % 2000s
. £ ¥ 20010
20000 2001] 2002]  2003]  2004]  2005] 2006] 2 & 20015
Rice total production() | 681757] 659916] 617886] 493399 606971 582248] 638039 z w 2002n
Number of farmers 58301]  58685]  68823]  58819] 61771 g » 20025
Rain—fed cultivation 9714 10031 12415] 12316, E +2002n
= 20035
The production increasesa s the num ber of irr igation - 2004n

increases. It shows tendency that the change greatly every
year in the region having a lot of irrigation farmers(Fig.3).
Average rice production great ly decreases since 2003.
The ratio of technical irrigation s ystem against the total
irrigation s ystem in nor thern area of the test site was
higher than that o f's outhern area. T otal rice production
amount increases according to the num ber of irr igation
and higher the number of farmer using technical irrigation
systemisthe bi ggercha nge of an nual pr oduction.
However, a verage rice production pe rhe ctor in three
regions of the southern area, where technical irrigation
system is lower than that in the northern area. More over,
the number of rain-fed cultivation system in the sout hern
area is higher than the northe m area. Only three regions .
adopt TI in southern area. Bu t in the northern area have

Titouakierigationtisy

Fig. 5 Relationship between TI and rice average production

These results show that the irrigation level different
in each area and especially villages of southern area
mainly adopt rain-fed cultivation and it is considered
that they are susceptible to soil and weather factors.
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Estimation of beet top yield using satellite data
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Abstract :

In this study, the estimation of beet top yield using satellite data was conducted in Memuro, Hokkaido. The test
site can be divided into four main geographical types which are lowlands, low, middle and high terraces. To derive
the beet top yield estimation equation, the multiple linear regressions analysis was executed using the surface
radiance value of SPOTS5 image acquired in September 21, 2006 and ground observation data of beet top weight
acquired on October 4, 2006. The accuracy of predictive error was affected by geographical types. Moreover, the
yield of beet top was overestimated compared with ground observation data. The result suggests that the
estimation accuracy can be improved by considering weather condition such as precipitation in the future.

Keywords : sugar beet, estimation equation of beet top

1. Introduction

Sugar beet is suited to cool weather, and Hokkaido is the

only place where it is grown in Japan. To producea beet
sugar, root of sugar beet which is raw material of sugar is
squeezed. Beet pulp is used for animal feed. After harvesting
the root of sugar beet, beet top is plowing-in soil. This is one
of effective method to reduce the costofbeet top disposal
and the fertilizer application amount. On the other hand, the
concentration of ni tric acid inb eet leaf and stem is higher
than any other crops. After harvesting the root of sugar beet,
beet top is plowing-in soil to keep fertility of upland field.
- However, beet top is resolved and is t he source of n itric
oxide gas. Also, sometimes nitrogen in soil is overstock to
product crop. In this area, fertilizer management is important
to rotate. Information of the amount ofnitrogenin soil is
basic to manage fertilizer.

In thisstud y,iti sthe purpose tha t sate llite da ta whi ch
continuous can research wide area use to' construct the way
to ma nagement fe rtilizer. T oacq uire basicin formation,
ground ob servation is practicedin 2 006and 2007 at
Memuro, Hokk aido. We m ake esti mate expressions using
field data and ground observation data.

2. Methodology
2.1 Study area

This stud y was con ducted around the to wn o f Memuro
located in the middle west of  the Tokachi plain, Hokkaido,
Japan (longitude 143.02°E, latitude 42.54°N).
The cultivation area of Memuro town is 19,720ha, and the
acreage for beet planting is 3550ha in 2005.

2.2 Data v
SPOT satellite data were acquired on September 21, 2006
(SPOT?) and Septem ber 23, 2007(SPOTS5). There are three

bands in the SPOT2im agery,w itht he observation
wavelengths i ncluding green band, red band, near infrared
band with a20m image resolution. There are fore bands in
the SPOTS5 i magery, withth eo bservation wavelengths
including the green b and, red band, near in frared band and
short-wavelength infraredba nd, withal Om image
resolution for the visible bands and near-infrared band and a
20m im age re solution f or the s hort-wavelength infrared
band.

A g eographic map dr awn ata s cale of 1to 25,000
published b y Geog raphical Survey In stitute, Jap anwa s
prepared to rectify the satellite data.

Ground observationd ataof beettop weight were
measured at about 40 points in October 4, 2006 and 2007. To
measure the plant height and beet top weight, investigation
points were set in 40 different locations each with an area of
3 rowsx7 plants. The field survey was performed from June
to October in 2006 and 2 007.The be et top w eight of th ¢
observation point was transformed into the weight of hectare
using planting density value.

2.3 Procedure

Digital n umbers att he g round observation po ints were
extracted from satellite i mage 0 £2006 and 2007 whichis
corrected g eometrically befo rehand. Digital nu mbers were
transformed to ra diance v alue. Estimation formula o fb eet
top weight was developed using five predictors, green band,
red band, near infrared band, NDVI and GNDVI in 2006. In
this study, the short-wavelength infrared band was not used
as a predictor because SPOT2 does not have a sensor for the
short-wavelength infrared w avelength. NDVIwas  derived
fromred (R) and near-infrared (NIR) spectral bands, which
are calculated using the following formula:

NDVI=(NIR-R)/(NIR+R).
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GNDVIwas derived fro m g reen (G) and near -infrared

(NIR) spectral bands, whichar ec alculated us ing the
following formula:

GNDVI=(NIR-G)/(NIR+G).
Finally, beet top weight in 2007 was calculated using the
estimate formula derived from data of 2006, and comparison
was performed between estimation data and the ground
observation data in 2007.

3. Results and discussion

Ground observation data in 2006 shows that plant height
of each geological type (low land, low terrace, middle and
high terrace) is different in each month from June to October
as shown in Fig 2. There is little difference in the height until
the beginning of July and then the difference gets bigger
gradually. After that, growing pattern of plant height was
different in each geological type. So, estimation formula of
beet top was developed for three different geological types.
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Fig.2 Transition of plant height in 2006

As aresult, the green band and NDVI were selected as the
predictors of beet top. The correlation coefficient of
estimation equation of lowland soil is 0.207. In this area,
October plant height is the second in all geological types.

Beet top weight was the highest value which is grown in
lowland (Table 2).

Table 2 Beet top weight and plant height in October 2006

Geological type Plant length  Beet top weight

Chround observation sield of beet top {t/h
BEowdlamds & 1o tomaons ¥ Middie and hogh xaraces

, (cm) (kg
Lowlands 48.35 0.700
Low terraces 55.19 0.969
Middle and
high terraces 59.82 0.932
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Fig.3 Comparison with observation data and estimated data
of beet top in 2007

Beet top weight was the highest value which is grown in
lowland (Table 2). In this area, it is suggested that the beet
grows more horizontally in such a way where number of
leaves increases, when compared with growth pattern of
other areas. This growth pattern difference is considered to
give big difference over to the reflection property.

Fig 3 shows the comparison of yield between 2 cases
where calculation is made with use of  the observation data
and the estimated data of beet top in 2007., which indicates
that the yield based on the estimated data is higher than that
of the observation data.
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Monitoring land subsidence in Semarang City Indonesia using Multiple
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Abstract

Based on field observation, it was reported that the ground subsidence associated with
groundwater extraction became one of environmental problems in Semarang Indonesia.
In order to understand time and spatial distribution of land subsidence in Semarang city
Indonesia, we performed Multiple Acquisition Radar Interferometry (MARI) of
ALOS-PALSAR satellites data. We created 20 interfrogram images from 13 scans SAR
data and removed topography phase using DEM three-arcsec (90 m) from each initial
interferograms. We performed precision baseline estimation of each pairs to vanish the
fringes derived by baseline between master and slave data. The improved phase
unwrapping image shows land subsidence about 5-12 cm/y, which mainly caused by
groundwater extraction and landuse changing from agriculture and cultivation purposes
to industrial estatés and house in Semarang. The fringe patterns are detected very clearly
in center of Semarang city and northern part of city where the number of pump of
groundwater concentrated in this area and large amount of water supply for the
communities and industries. Our results are comparable to our previous work and shows
* the centre of the city was subsided continually after March 2008. The pattern of land
subsidence in Sefnarang city derived by MARI is good relationship with past result
obtained by both leveling data and digital elevation modeling (DEM) interpolated and
benchmark points.

Key words: Radar Interferometry, subsidence, groundwater, landuse,
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1. Introduction

It was reported tI}at in Semarang, located on the northern part of Central Java
Province in Indonesia at latitudes 6°58’S and longitude 110°25°E (Fig. 1), surface water
and groundwater became mainly water supply for the communities and industries [1].
When groundwater levels decline sufficiently so that stress on the aquitards becomes
greater than the maximum previous stress, then the aquitards compact and the land
surface subsides permanently. Many buildings in Semarang city are severely affected by
land subsidence (Fig. 2) which is mainly due to excessive groundwater extraction and

natural consolidation of alluvium soil.
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Figure 1. Map of Semarang city, shaded digital elevation model data shown in the figure.
| Red rectangular is location of PALSAR acquisition.

Ini this study, we performed Multiple Acquisition Radar Interferometry (MARI)

of ALOS-PALSAR satellites data to access land subsidence in Semarang city Indonesia.



Figure 2. Impact of land subsidence in Semarang city [2].
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Figure 3. Carton of InSAR observation

2. Method and Result

In this research we used row data from two passes of ALOS PALSAR satellite
(Tables 1). All of our data cover area around Semarang city (Fig 1). The principal
measurement for Synthetic Aperture Radar Interferometry (InSAR) for monitoring land
deformation in target area is shown by Fig 3. Two ‘satellites send radar wavesgto the same
point on the ground at different times. If the earth moves between passes, the wave will
return at a different phase. Knowing the length of the wave, it is possible to calculate the

precise amount of deformation.



The total differential of the phase difference is represented by three kinds of
fringes which are caused by orbital fringe, topographic fringe and fringe land
displacement due to earthquake, Volcano. eruption, oil, gas and water extraction, and
landslides. To remove fringe related to topographic effect we mosaiced conventional
digital elevation data a 3-arcsecond SRTM digital elevation model. e performed precisien
baseline estimation to vanish the fringes from baseline between master and slave data,
and improved signal to- noise ratio of each'differential interferogram using a weighted
power spectrum filter as discussed in [3]. The minimum cost flow (MCF) was applied
for unwarping process since the interferometry phase is wrapped modulo 27, and an

integer number of 21 must be added to recover the absolute phase difference.

Table 1. Row data of ALOS PALSAR satellitev used in this

study.
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Figure 4. Land deformation images during 2007-2009 relative to January 2007.

In Both pair relative to J anuary 2007 A (Fig. 4) and pair relative to January 2008
B‘ (Fig. 5), the fringe patterns are detected very clearly in center of Semarang city and we
can also see that high-subsidence rate occurred especially along the coastal area where in
these areas the groﬁndwater became mainly water supply for the communities and
industries.

We estimated land deférmation about 5-12 cm/y during January, 2007 to January
2009. The images of deformation show that the pattern of land displacement is increaéing
with extending time span observation. It can be noticed the significant difference from
each pair with increésing time evolution of observation. Result of deformation during
2007-2009 and 2008-2009 observation shows similar pattern where fringe patterns of

2007-2008 are almost the same in comparison to 2008-2009 InSAR data which revealed
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that the subsidence was continue after 1 years (2007-2008) time period of observation.
Our results in general are similar pattern of land subsidence with Fig 6 derived from
Envisat Persistent Scattered Interferometry [3] and ldeformation in Semarang city from

Leveling data (Fig. 7)
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8766'S
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6'56'S £

. i om
8 9 10
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Figure 5. Land deformation images during 2008-2009 relative to January 2008.

The Semarang city can be divided into two major landscapes, namely, lowland
and coastal area on the northern part and hill area on the southern part (Fig. 1). The city
“centre is situated on the lowland area, and landuse was changed rapidly from agriculture
and cultivation purposes to industrial estates and house because the population is
growing rapidly [1]. According to land deformation distributioﬁ from our result, past

leveling data and Envisat Persistent Scattered Interferometry result, it can be noticed that



land subsidence mostly occurred on the lowland and coastal area of Semarang where in
this region increasing populated area and land changing purpose are concentrated since

1990.

o

19

Figure 7. Land deformation in Semarang city from Leveling data [4].

3. Conclusion and Recommendation

We investigated land deformation in Semarang city using PALSAR data
interferometry and estimated max. land subsidence 5-12 cm/year. We concluded that
ground water extraction combined with landuse change incorporating with house
development due to increased urbanization caused land subsidence invSemarang city. To
achieve a better understanding and modeling of land éubsidence phenomena in the
Semarang city, the land subsidence information derived by InSAR method should be
integrated with the land subsidence information obtained by geodetic techniques (e:g.,

leveling, and GPS) by incorporating by geohydrological and geotechnical

e



measurements (e.g., using automatic water level recorder, piezometer, and drilling). The
reliable and best of information of land subsidence will help government, planners,
regulators, and administrators to manage landuse and groundwater resources’ in
Semarang city.
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Abstract

The Global Land Cover by National Mapping Organizations (GLCNMO) is the product of the Global
Mapping Project organized by International Steering Committee for Global Mapping (ISCGM). The data are

produced by 16-day composite MODIS data observed in 2003. In this study, the accuracy improvement of

GLCNMO was realized. The accuracy was mainly improved by decreasing the error caused by the classification

method. According to the result of the accuracy assessment, Needleleaf evergreen forest and Needleleaf deciduous

forest were selected for reclassification. In the new classification process, the MODIS data of October 16 were

selected and the threshold of NDVI patterns was set again. Finally, by comparing the new classification result with

ground truth data, the GLCNMO with improved accuracy was produced.

Keywords: MODIS data, GLCNMO, NDVI patterns

1. Introduction

Global land cover maps are used in the numerical models
that estimate ecosystem behavior, water cycle and climate at
the global scale. Within the past decades, large volumes of
global land cover maps were produced, such as IGBP
DISCover product, the MODIS land cover product, UMD
land cover product, and Global Land Cover 2000. They were
all derived from remotely sensed data with moderate
resolution. Although there are several global land cover data,
it is also necessary to develop a land cover database more
up-to-date and with high accuracy.

Global Mapping Project has produced a 1km global land
cover map called Global Land Cover by National Mapping
Organizations (GLCNMO). In the GLCNMO, 16-day
composite MODIS data of 2003 were used as source data.
The GLCNMO is composed of comprehensive global land
cover data and ground truth database. As a new global land
cover map, the accuracy assessment of GLCNMO was
completed. To derive a quantitative description of the
accuracy of GLCNMO, a stratified random sampling
method was used for accuracy analysis. The purpose of this
study is by decreasing the errors caused by the classification
methods to improve the accuracy of GLCNMO. The result
of the accuracy assessment shows that Needleleaf deciduous

forest has a lowest user’s accuracy and 6 sampling pixels out .

of 27 sampling pixels are misclassified into Needleleaf
evergreen forest. The reasons that make the accuracy low are
considered to be the seasonal affection, the threshold of

NDVI. 3 training sites for Needleleaf evergreen forest and 4
training sites for Needleleaf deciduous forest were collected
by using Forest Cover of the USSR for the year 1990. Finally,
anew GLCNMO with improved accuracy was derived.

2. Global land cover product-GLCNMO

2.1 Source data

The main source data used for GLCNMO is
MODIS/TERRA Nadir BRDF- Adjusted Reflectance
16-DAY L3 Global 1 KM SIN Grid Product (MOD43B4
NBAR). This is the data with 1km resolution. And the data
are composed of 7 spectral bands.

2.1 Legend and classification methods

GLCNMO consists of 20 land cover classes defined by
Land Cover Classification System (LCCS). Land cover
legend of the GLCNMO is shown in the Table 1. 7 spectral
bands and NDVI patterns of MODIS 2003 were used for
classification. Maximum likelihood method, which is one of
the supervised classification techniques, was mainly used for
GLCNMO. 14 classes out of 20 classes were classified by
Maximum likelihood method. The rest of 6 classes that are
Water, Snow/ ice, Urban, Wetland, Mangrove and Tree openr
were classified independently because of the complicated
characteristics of the data.



Table 1. Land cover legend of the GLCNMO

GLCNMO
code Class name
1 Broadleaf evergreen forest
2 Broadleaf deciduous forest
3 Needleleaf evergreen forest
4 Needleleaf deciduous forest
5 Mixed forest
6 Tree open
7 Shrub
8 Herbaceous
9 Herbaceous with sparse tree / shrub
10 “Sparse vegetation
11 Cropland
12 Paddy field
13 Cropland / other vegetation mosaic
14 Mangrove
15 Wetland
16 Bare Area, consolidated (gravel, rock)
17 Bare Area, unconsolidated (sand)
18 Urban
19 Snow / ice
20 Water bodies

3. Accuracy improvement of GLCNMO

3.1 Methodology
There are several reasons that lead to the errors of the map.

From the instrument and orbits points of view, the errors may
be influenced by spectral data quality or geolocation. From
the classified map point of view, the errors may be influenced
by legends definition, mixed pixels or classification methods.
In this study, the accuracy of GLCNMO was improved by
decreasing the error caused by the classification methods.
Needleleaf deciduous forest has a lowest user’s accuracy of
44.4% and 6 sampling pixels out of 27 sampling pixels are
misclassified into Needleleaf evergreen forest. The reasons
that make the accuracy low are considered to be the seasonal
affection, the threshold of NDVI and the band used for the
classification. 3 training sites for Needleleaf evergreen forest
and 4 training sites for Needleleaf deciduous forest were
collected by using Forest Cover of the USSR for the year
1990 (Fig. 1). In the Fig. 1, training sites for Needleleaf
deciduous forest were marked from 1 to 4 and training sites
for Needleleaf evergreen forest were marked from 5 to 7.

§s Needleleaf evergreen foreste
%% Needleleaf deciduous forests

Fig. 1. Training sites for Needleleaf evergreen forest and
Needleleaf deciduous forest

The parameters that make the user’s accuracies of
needleleaf evergreen forest and needleleaf deciduous forest
low are considered to be the seasonal affection and the
threshold of NDVI selected for classification. For this reason,
MODIS NDVI monthly changed patterns were made for all
the 7 pure training sites (Fig. 2). From the NDVI pattems
MODIS data of October 16 were chosen in both areas.

1

Fig. 2. NDVI patterns for 7 training sites '

3.2 Results

MODIS data of October 16 were chosen because the
difference of needleleaf evergreen forest and needleleaf
deciduous forest is the biggest. According to the difference,
the NDVI thresholds were set for classification in North
America and FEurasia respecﬁvely After several times
validation the best two thresholds were selected for
classification. That is when the threshold of NDVI pattern is
0.31 in North America and the threshold of NDVI pattemn is -
0.36 in Eurasia. Finally the new GLCNMO with improved
accuracy of needleleaf evergreen forest and needleleaf
deciduous forest was derived. .
4. Conclusions

Land cover maps derived from the remote sensing data are
simple attempts to represent what actually exists in the world,



but they are never completely accurate. There are many
reasons lead to errors. It is difficult to modify the errors
caused by the data itself. However, it is possible to do some
technical improvements in the classification process. This
study concentrates the errors caused by the classification
methods. The results proved that this is just one part of the
improvement for the map. For further study, it is necessary to
improve the overall accuracy of the map. In-order to achieve
this purpose, the heterogeneous classes should be the focus

of consideration.
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Abstract

Horizontal distributions of explosively developing extratropical cyclone formed and developed in Northwestern
Pacific Ocean in precipitation, water vapor, cloud liquid water, and surface wind fields are analyzed using the
Advanced Microwave Scanning Radiometer for EOS (AMSR-E) on Aqua Satellite dataset in recent 7 winter
seasons. Cyclone center-relative compositing mean fields are constructed for four life stages: 1) developing, 2)
maximum deepening, 3) minimum center sea level pressure (SLP), and 4) decaying. These stages are
distinguished by a value and a kind of differentiation in center SLP using a database of cyclone tracking derived
from a reanalysis dataset. The developing processes of the composited cyclone are documented.

In developing stage, the water vapor pass (WVP) has south-north (high-low) contrast corresponding to the
temperature distribution. Corresponding to the cold-dry air mass advections, WVP concentration starts from
western part of the cyclone center in the maximum deepening stage. The concentration is distinct along the cold
front in the minimum SLP stage. The horizontal distributions at the maximum deepening stage agree with the
previous study using global objectively analyzed dataset (GANAL). As the deepening rate is larger, the value and
concentration is higher and stronger. Precipitation appears around the root of front corresponding to large cloud
liquid water, while there is no precipitation'near the cyclone center in minimum center SLP and decaying stages
regardless of the strength.

Keywords: Extratropical cyclone, winter precipitation, satellite observation

1. Introduction ' Tropical Rainfall Measuring Mission (TRMM) Precipitation

Extratropical cyclone is one of sources to supply heat and ~ Radar (PR) and infrared imager’. Field and Wood” showed
moisture from mid-latitude to high-latitude regions, so that it  that surface speed and/or water vapor path cause response a
plays -an important role for energy and material variability of cyclone-mean rain rate, cloud fraction, etc.

transportations.  Explosively ~ developing  extratropical.  derived from categorized cyclone relative composited using
~ PACIFIC OCEAN - OCEAN TYPE

cyclones particularly form and develop frequently in

northwestern Pacific and Atlantic in winter".

ADevelopment mechanisms of extratropical cyclones have
been studied using numerical models and re-analysis data
mainly in the Atlantic Ocean. On the other hand, Yoshida
and Asuma” mention the characteristics of explosive

30N

cyclones in northwestern Pacific. They classified the -
cyclones into three types depending on cyclogenesis and
rapid development, and suggested that the each type of
cyclone has favorable terms of frequent appearance and
atmospheric conditions such as jet stream and baroclinicity.

Satellite data enables us to investigate global vertical and
horizontal ~ structure  in  moisture, wind, and Fig. 1. Cyclone tracks investigated in this study. They correspond to
precipitation/clouds of the systems regardless of land and PO-O cyclones defined by Yoshida and Asuma (2004). Triangles
ocean. The heights of the cyclones and frontal precipitation show positions of formation, circles show positions of maximum
over northwestern Pacific are concentrated around 3 km of deepening rate, and crosses show positions of minimum center
echo top height and 6 km of cloud top height observed by the SLP
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Fig.2. AMSR-E estimated cloud liquid water (upper color image) and vertical distributions of radar reflectivity factor observed by Cloudsat CPR
(under color image) with orbit (red line on the upper image) for (a) developing and (b) maximum deepening stages. Sea level pressure (contour)

and cyclone track (solid line) are illustrated on the upper image.

the Moderate Resolution Imaging Spectroradiometer
(MODIS) and the Advanced Microwave Scanning
Radiometer-EOS (AMSR-E) onboard the Aqua satellite.
- They concluded that the systemwide mean rainfall rates and
composite structure are broadly agree with satellite estimates.
HoweVer, the spatial distributions largely depend on the life
stages the cyclones”. Except for some case studies, there are
few studies using composite analysis to focus on developing
process of extratropical cyclones.

This study presents the developing processes of vertical
and horizontal structure in the extratropical cyclones using
satellite observation data.

2. Data and Method

This study investigates explosively extratropical cyclones
which form and had rapidly developed in 20°N-65°N and
100°E-180° in 7 winter seasons (2002/2003-2008/2009
from October to March). The cyclone identification and
tracking algorithms are based on Serreze®. We applies to
SLP data installed in the Japanese 25-year Reanalysis (JRA-

25) and the Japanese Meteorological Agency (JMA) Climate

Data Assimilation System (JCDAS) products provided by
the IMA”. At first, the JRA25/JCDAS longitude-latitude
grids in northern hemisphere were converted to the
Equal-Area Scalable Earth (EASE) grid about 125 km
square area. For the SLP in EASE grids, a cyclone center
was detected at the grid point less than 0.5 hPa next to 8 grid

points. When the cyclone center existed less than 4 grid
points (~ 500 km) from the previous 6 hours, the cyclone
identified as the same. The definition of explosively
developing cyclones and their classification method were
applied to Yoshida and Asuma®. For this study we just use
PO-O type cyclones (Fig. 1) because the AMSR-E products
do not retrieve any hydrospheric products on the most of
track over land for the rest of two-types. In order to identify
for life stages for the every explosive cyclones selected in this
study, we defined four life stages; 1) developing stage at the
intermediate time between formation and maximum
developing, 2) maximum developing stage at maximum
deepening rate, 3) minimum center SLP stage, and 4)
decaying stage at the intermediate time between minimum
center SLP and cyclolysis. )

We used some satellite observation data which form the
constellation satellites named A-Train. The AMSR-E Ocean

“Products version 5% provides 0.25° x 0.25° grid data. The

CPR is a spacebome cloud profiling radar. The
2B-GEOPROF product provides cloud geometric profile
expressed in terms of occurrence and reflectivity. The
minimum detectable signal has —28 dBZ that enable to detect
cloud top height.

3. Results
3.1 Case study for a typical explosive cyclone
developed in 3-5 February 2008
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Fig. 3. The same as Fig. 2 except for (¢) minimum center SLP and (d) decaying stages.

3.1.1 Synoptic Conditions

Figures 2 and 3 show a track of the explosive cyclone
developed in 3-5 February 2008 and SLP fields at the
four-life stages. The incipient cyclone was formed at 27°N
and 127°E at 2 February 0600 UTC. The cyclone moved to
ENE with 18 m s speed in average along the southemn
Japan Island. After the developing stage the cyclone
increased its speed more than 23 m s~ with rapid depression,
the cyclone has maximum deepening stages with 1.1
Bergeron at 3 February1800 UTC. The cyclone continued
both fast moving and depression until 961 hPa of the
minimum center SLP stage at which 5 February 0000 UTC.
At last, the cyclone disappeared at 6 February 1200 UTC
with slow down (8 m s ') and system intensity.

3.1.2 Cloud liquid water (CLW)

At the developing stage CLW distributes widely from the
west to east part of the cyclone, the CLW concentrated
around the root of the front until the maximum deepening
stage. A line of CLW formed and strengthened along to the
cold front at the minimum center SLP and decaying stages,
which seems to be a distinct frontal T-borne shape. At these
stages, there is relatively weak CLW near the cyclone center
with warm-core seclusion.

3.1.3 Vertical distributions of cloud

At the developing stage, the cloud top height near the
cyclone center (35°N) reaches almost 10 km. A strong echo
from precipitation (> 20 dBZ) also can be found at 7.5 km.
‘While the southern edge of the cyclone cloud appears to be
vertical, there are slope as going to top of the cloud. At the

maximum deepening stage, the eastern side at the cyclone
center also passed. The height of echo top does not have
large difference. The CPR captured the cyclone center and
cold front at the minimum center SLP stage. After the
maximum deepening stage, the cloud top height keeps
around 10 km although the cloud echoes were relatively
weak over the cyclone center. In contrast, a narrow cloud
radar pattern appears around the cold front compared to the
horizontal distributions of CLW (30° and 35° N at the rest of
two stages). This difference implies that cloud/precipitation is
not well formed in spite of concentration of water vapor due
to cold-dry advection from the backward of the cyclone.
3.2 Composite analysis

In order to check the possible factors to cause the strength
of the explosive cyclones, we carried out a composite
analysis for above mentioned parameters. The explosive
cyclones for CO-O types (52 cyclones) are classified into
strong (ST, > 1.3 Bergeron) and weak (WE, < 1.3 Bergeron)
patterns. The sample numbers of ST and WE are 17 and 35
cyclones, respectively. Atmospheric water vapor increases
toward southward for both ST and WE pattemns at the
developing stage (Fig. 4). The slope for ST is steeper than
that for WE, particularly the north part of the cyclone for ST
is drier. Surface wind pattern (Fig. 5) also do not have
remarkable difference of the distributions relative to the
cyclone center, the northwestern dry advection are stronger
for ST.

Compared to the results in Field and Wood”, the most
different parameter of composite map is surface rain rate (not
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Fig. 4 Cyclone center-relative composite map for AMSR-E for
estimated atmospheric water vapor for strong pattern (more than 1.3

Bergeron) and moderate deepening pattern (less than 1.3 Bergeron).

shown). Precipitation about 4 mm h™' appears from the
center of the cyclone to the south-eastward at the maximum
deepening stage. Although some precipitation bands derived
from cold fronts are also observed for- ST patterns at the
minimum center SLP and the decaying stages, there is little
precipitation around the center and eastward from a warm
front. This difference may be because the precipitation could
be the solid phase. Yamamoto et al” pointed out almost all
precipitation did not estimated by TMI for the cold outbreak
type from the comparison between TRMM PR and TML
Precipitation retrieval algorithm for microwave radiometer
are generally tuned to the tropical regions and are less
suitable for the weak rain in mid-latitude regions”

4. Concluding remarks

In order to better understand the vertical and horizontal
structure of explosively developing éxiratropical cyclones
depending on their life stage. Cloud liquid water,
precipitation, and surface wind are concentrated around the
center of the cyclone at the developing stage. Atmospheric
water vapor increase latitudinally. At the maximum
deepening stage, dry-cold air advection occurs from
north-west of the cyclone center, which corresponds to the
surface wind and atmospheric water vapor. The cold-dry
advection, the concentrated area of the gale wind and
atmospheric water vapor, moves south to south- east part of
the cyclone center at the minimum center SLP and decaying
stage. However, these changes depending on the life stages
in precipitation do not appears maybe due to retrieval
problem of microwave radiometer. There are not significant
spatial differences from separately composited by deepening
rate, but those contrast are distinct for all parameters except
for precipitation. According to the case study, cloud echo-top
height reaches around 10 km in the developing stages of an
explosive cyclone, while significant echo pattern does not
appear at the cold front for mature and decaying stage.

WE (< 1.3 Bergeton, 35 cyclones)

Ceveleping Min. center SLP Decaying

Fig. 5 The same as Fig. 4 except for surface wind speed.

Max daepening
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Abstract

Graphics processing units (GPUs) originally designed for computer video cards have emerged as the most powerful
chip in a high-performance workstation. In the high performance computation capabilities, graphic processing units
(GPU) lead to much more powerful performance than conventional CPUs by means of parallel processing. In 2007,
the birth of Compute Unified Device Architecture (CUDA) and CUDA-enabled GPUs by NVIDIA Corporation
brought a revolution in the general purpose GPU area. The NVIDIA CUDA technology is a novel computing
architecture that enables the GPU to solve complex computational problems in image processing applications.
CUDA also provides orders of magnitude more performance and simplifies software development by using the
standard C language. We describe the CUDA programming model and motivate its use in the remote sensing

imaging community.

Keywords : Graphic Processing Units, Compute Unified Device Architecture, Image Processing

1. Motivation

‘ GPU computing, or the use of
graphics processors for general-purpose
computing, began in earnest several years
ago [1]. In recent years, the computation
speed of graphics processing unit (GPU) has
increased “rapidly. We only take the
float-point operation as an example, and
GPU’s computation speed is several times
faster than CPU’s. The Flops of NVIDIA
Ge80 series has gotten 520G in late 2006 [2],
whereas Intel 64-bit dual-core CPU has only
32 GFlops.

Over the past few years, the
performance of GPU has been improving at
a much faster rate than the performance of
CPUs. In 2007, NVIDIA’s most advanced
GPU provided six times the peak
performance of Intel’s most advanced CPU

[3]. GPU has evolved from special-purpose

processor to programmable processor, and

meanwhile the programmability has been

the most important feature. Compared to the

previous GPU, CUDA GPU has the

following advantages:

® General programming environment:
CUDA uses C programming tools and C
compiler, which make programs have
better compatibility and portability.

® More powerful parallel computing
capability: CUDA graphics card applied
more transistors to computing, not to
data cache or flow control [1]. GeForce
8800 has 128 1.35GHz stream
processors, 512 bit DDR3,and 768M
device memory, far bigger than the L1
cache of CPU.

® Higher bandwidth: Take the GeForce



8800 as an example, its bandwidth gets
to 86.4GB/s between GPU and device
memory, and 4GB/s between host
memory and device memory via PCI-E
x16 bus.

® [nstruction operation. CUDA GPU
supports integer and bit operation.

How much can GPU computing
speed up a real-world science or engineering
code? Researchers and companies are
achieving speedups ranging from 10x to
100x (and sometimes more!) by using
CUDA application in .image processing,
across domains ranging from computational
parallel image[4], fast color image balancing
[5], Processing SAR Data [6], Real-Time 3D
Computed Tomographic Reconstruction[7]
and etc. '

2. THE CUDA PROGRAMMING MODEL

The fundamental strength of the GPU is its

extremely parallel nature. The new hardware
architecture exposed to programmers is
shown in Figure 1. The CUDA
programming model allows developers to
exploit that parallelism by writing natural,
straightforward C code that will then run in
thousands or millions of parallel invocations,
or threads. To utilize the GPU, CUDA
provides an extended C-like programming
language and compiling, Figure 3 and 4.

Fig 1. Hardware Model

Fig 2. Execution Model

Any call to a global function is said to issue
a kernel to run on the GPU and must first
specify the dimension of the grid and the
blocks that will be used to execute the
function on GPU. The execution model is
shown in Figure 2. Matrix addition will
serve as a simple example. To add two NxN
matrices on the CPU in C, one would write a
doubly-nested for loop:

// add 2 matrices on the CPU:
void addMatrix(float *a, float *b,
float *c, int N)

{

int i, j, index;

for (i=0; i <Nj;it++) {

for j=0; j<N; j++) {

index =i+ j* N;
c[index]=a[index] + b[index];
3

}

void main()

{

addMatrix(a, b, ¢, N);
}

-

Fig 3. CUDA Software



In CUDA, one writes a C function, called a
kernel, to compute one element in the matrix,
and invokes as many threads to run that
function as the matrix has elements. In each
thread the kernel runs with a predefined
structurethreadldx indicating which of the
many threads is running:

/l add 2 matrices on the GPU (simplified)
__global __ void addMatrix(float *a,float
*b’
float *¢, int N)
{
int i= threadldx.x;
int j= threadldx.y;
“int index=1+j *N;
c[index]= a[index] + b[index];
}
void main()
{ .
// run addMatrix in 1 block of NxN
threads:
dim3 blocksize(N, N),
addMatrix<<<1, blocksize>>>(a, b, ¢, N);

}

Here the _ global  declaration specifier
indicates a kernel function that will run on
the GPU, and the <<<N, N>>> syntax
indicates that the addMatrix() function will
be invoked across a group of threads run in
parallel, called a thread block. Thread
blocks may be one-, two-, or
three-dimensional, providing a natural way
to invoke computation across the elements
in a domain such as a vector, matrix, or field.
CUDA makes three key refinements to the
core concept of running kernel functions
across many parallel threads: hierarchical
thread blocks, shared memory, and barrier
synchronization.
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Fig.4 Compiling Process
2.1. Hierarchical thread blocks

Thread blocks may contain up to 512
threads on an NVIDIA Tesla architecture
GPU, but kernels are invoked on a grid
consisting of many thread blocks that are

- scheduled independently. All the threads in

all the blocks in a grid execute the kernel
and then exit. Thus the CUDA code given
above needs to be extended slightly:

// add 2 matrices on the GPU (scalable)
__global vpid addMatrix(float *a,float
*b’

float *¢, int N)

{

int
i=blockldx.x*blockDim.x+threadldx.x;
int
j=blockIdx.y*blockDim.y+threadIdx.y;
int index =i+ j * N;
if(iI<N&&j<N)

c[index]= a[index] + b[index];

}

The most important and widely used
numerical algorithms, computational physics
and general signal processing, CUDA has
offer package CUFFT, shown in fig.4. This
Package fine tune the algorithm for the GPU
memory structure, in order to minimize data
accesses.



Fig.4 CUFFT Libraries

2.2. Shared memdry

In our simple matrix addition example,

threads can efficiently run independently: no
thread needs to know the elements being
accessed by other threads. Often however
many threads can solve a problem more
efficiently by cooperating, sharing the
results of computations or memory fetches.
CUDA enables this cooperation by
providing shared memory where kernels can
store data — e.g. variables or arrays — that are
visible to all threads in a thread block. For
example, the threads in a block could
compute the sum of the elements in an array
by each placing one element into an array in
shared memory, then adding the element
next to it, then the element located four

array slots away, then eight, and so on. All -

the other threads in the block are doing the
same thing in parallel — they are cooperating
by computing partial sums through shared
memory. Shared memory is on chip and thus
small (16K on NVIDIA’s current GPUs) but
extremely fast, so exploiting shared memory
makes this summing operation dramatically
faster.

3. Summary & Future Work
NVIDIA GPUs provide massive
computation resources, with up to hundreds
of cores running thousands of threads.
CUDA makes that raw computational power
accessible and easy to program by allowing
the user to write natural C code which is
then run by thousands or millions of threads.

Threads are organized in a two-level
hierarchy of blocks and grids. Threads run in
parallel with other threads in their thread
block and can intercommunicate via shared
memory, with simple barriers to synchronize.
Researchers around the world and across all
scientific and engineering disciplines are
successfully using CUDA and NVIDIA
GPUs to speed their codes up by one to two
orders of magnitude. We have attempted to
motivate the use of GPU computing in
image processing and provide a brief
overview of the “feel” of CUDA
programming. In this future, the advantage
of CUDA will be fully implemented by
applying the technique to remote sensing
fields where huge volume of image data are
generated and consequently, near real-time
or very fast analysis is indispensable.
Because the Center for Environmental
Remote Sensing (CEReS) is accumulating a
variety of satellite datasets, there are many
potential  application of the CUDA
methodology.
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Abstract

Images observed with satellite sensors are affected by Earth’s atmospheric layers. In order to evaluate the
intrinsic reflectivity of various surface targets, satellite images should be corrected for atmospheric effects. If
sensors operated in the spectral regions of UV, VIS, and NIR are considered, extinction (i.e. the sum of absorption
and scattering) of aerosol particles are important in addition to the Rayleigh scattering due to air molecules and
absorption due to various molecular species such as water vapor, oxygen, ozone, carbon dioxide, etc. In this paper,
we report recent results of long-term measurement hsing a VIS differential optical absorption (DOAS)
spectrometer at CEReS. Also we describe a ground-based, wide-spectral-range sensor that derives molecular
absorption signatures and aerosol scattering properties from simultaneous skylight observations in UV, VIS and
NIR spectral regions. Three compact spectroradiometers operated in the wavelength range of 200-800 nm, 700-
1100 nm, and 1100- 2200 nm are employed to measure the spectral intensities under clear-sky conditions. Both
- HITRAN and MODTRAN database/codes are used to derive column amount of absorbing molecular species
including carbon dioxide and to characterize aerosol particles.

Keywords : DOAS; Air pollution distribution; Absorption cross section; UV, VIS and NIR spectral InGaAs

photodiode

1. Introduction

In satellite measurement in the visible (VIS) spectral
range, significant influence is exerted on the resulting images
by aerosol distributions in the lower troposphere [1]. The
scattering and absorption characteristics of aerosols play an
important role also in the Earth’ s radiation budget. Generally
clouds and aerosols tend to reflect the solar radiation back to
space, thus contributing to the cooling of the Earth’s
atmosphere system, though some of them absorb radiation
and contributing to the warming effect [2]. The infrared and
near-infrared (NIR) absorption of molecules is the main
cause of the global warming (greenhouse).effect. Absorption
due to carbon dioxide (CO,), methane (CH,), and other trace
molecular species is of crucial importance, in addition to the
large and variable effect of water vapor absorption. Since
most of the sources/sinks of these molecules are located in
the lower troposphere, it is beneficial if the NIR absorption
of these so-called greenhouse gases can be monitored
simultaneously with the gases and SPM that mainly interacts
with radiation in the ultraviolet (UV) and visible spectral
regions. 7

The method of differential optical absorption spectro-
scopy (DOAS) provides a useful tool for the measurement of
atmospheric pollutants by measuring optical extinction
(absorption and scattering) over a light path having a length
of a few kilometers [3-6]. A novel DOAS approach has been

proposed by the CEReS group on the basis of white
flashlights installed at tall constructions such as buildings,
bridges, and smokestacks [6]. Such flashlights, known as
aviation obstruction lights, are mandatory under regulations
in Japan. Since Xe lamps give flashes every 1.5 s that covers
the whole VIS spectral range, a simple sétup consisting of an
astronomical telescope and a compact spectroradiometer
enables the measurement of nitrogen dioxide using the
original DOAS technique. Also, the stable intensity of the
light source makes it possible to retrieve aerosol (SPM)
concentrations in the lower troposphere, since the intensity
variation of the detected light is mostly ascribable to the
aerosol extinction over the light path [6,7]. An extension of
the DOAS methodology is the multi-axis (MAX) DOAS
approach, in which the spectral measurements of skylight
(i.e. scattered solar radiation) in various elevation angles
provide information on molecular absorption [8, 9]. Mostly
an UV-VIS spectrometer is employed to retrieve the column
amount of target species.

In this paper, we describe an extended form of DOAS
and MAX-DOAS measurement. Result of a long-term
measurement at CEReS, Chiba University is described in
terms of the simultaneous NO, and aerosol concentration
measurements. Molecular absorption signatures and aerosol
scattering properties are derived from simultaneous
MAX-DOAS (skylight) observations in UV, VIS and NIR
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spectral regions. Both HITRAN and MODTRAN
database/codes are used to derive column amount of
absorbing molecular species including carbon dioxide and to
characterize aerosol particles.

2. Instruments
2.1 DOAS in the visible spectral range

Figure 1 shows the schematic of DOAS measurement
based on an aviation obstruction light, situated at 5.5 km
away from the CEReS observatory. The light source is
equipped at the top of a smokestack (130 m tall) of a
municipal garbage incinerator. The average height of the
light path is approximately 80 m above the ground level (100
m above sea level). A commercially available astronomical
telescope (115 mm diameter, 910 mm focal length) is
employed to focus the image of a Xe flashlamp at the
location of the eyepiece. Instead of an eyepiece, the entrance
of an optical fiber (400 pum core diameter) is placed and the
other end of this fiber is connected to the slit (5 um width) of '
a compact spectro-radiometer (Ocean Optics USB2000).
The wavelength range of 200-800 nm is detected using a
CCD array (2048 channels), resulting in a nominal
wavelength resolution of 0.3 nm. After averaging 100
flashing events (with 300 background events), one DOAS
spectrum can be obtained in every 5 min. The wavelength
range of 430-450 nm is used here to retrieve the NO,
concentration. The same wavelength range is employed to
detect the aerosol effect from the variation of the intensity of
the DOAS spectra.

In order to compare with the DOAS-retrieved
concentrations, the hourly data from a ground sampling
station (Miyanogi), operated by the environmental section of
the municipal government, are obtained from a website of
the Ministry of Environment (Atmospheric Environmental
Regional Observation System (AEROS), http://www.nies.

Telescope

Sy !
= O Xt
S l 5500 m
Entrance slit ‘i
Grating !
_ k‘&.] |
\— Linear CCD array [
USB2000 Spectrometer I i i
Notebook PC I
Height 31 m Height 130 m
CEReS, Chiba University l Incinerator stack

Fig. 1 Schematic of DOAS measurement

go.jp). It should be noted, however, that while the DOAS
concentrations are resulting from the average over a light
path (5.5 km), the ground sampling is carried out only at a
point that is below the light path. Thus, the comparison is not
necessarily to seek for complete agreement between the two
different datasets, but to examine the similarity in the
temporal variation of the relevant data.

2.2 Sunphotometer

The result of DOAS measurement is compared with the
data taken using a sunphotometer (Pride PSF-100), an
instrument that measures the direct solar radiation. The
measurement is carried out automatically, and values of
aerosol optical thickness (AOT, z,) are measured at the
wavelengths of 368, 500, 675, and 778 nm with wavelength
width of 5nm each. The wavelength dependence of AOT is
analyzed with a formula )

w(A) =B )" M
to obtain the angstrom exponent 4=axy, (the coefficient B is
called the turbidity constant at the reference wavelength A=
550 nm.) The typical value of this parameter is unity. The
value becomes smaller when coarse particles (with diameter
Jarger than 2 m) are dominant, whereas it becomes larger
when fine particles (with diameter larger than 2 um) are
dominant. Thus, the value of g, =2, for instance, indicates
the existence of anthropogenic fine particles such as nitric
and sulfuric aerosols, while oy, =0.5, for instance, suggests
the dominance of larger particles such as sea salt and soil.

2.3.UV-VIS-NIR MAX-DOAS system

Three compact spectroradiometers operated in the wave-
length range of 200-800 nm (Ocean Optics USB4000), 700-
1100 nm (Ocean Optics HR2000), and 1100- 2200 nm
(Hamamatsu C9914GB), respectively, are employed to
measure the spectral intensities from four directions (North,
East, South, West) and six elevation angles (15, 30, 45, 60,
75, and 90 deg) under clear-sky conditions. Although each of
fiber cables for these spectroradiometers has an intrinsic
acceptance field-of-view (FOV) angle of approximately 120
deg, it is reduced to 5 deg to ensure better homogeneity in the
sky radiance (scattered solar radiation, SSR) measurement.
Homemade adaptors with shadow rings have been
manufactured for this purpose, the inside of each adaptor
(including the surface of rings) being covered with
non-reflecting material. In order to achieve the simultaneous
measurement in-a combined, wide wavelength range, the
three tubes are bound together and placed on a tripod. The
exposure duration is typically 100 ms for USB4000, 300 ms
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for HR2000, and 1 s for C9914GB. After relevant averaging,
a set of data points can normally be obtained in a time period
of 10 min. '

3. Theory
The analysis of the DOAS spectra is based on the
Beer-Lambert’s law expressed as
I(A) =k, ()L)e—L o 2

where /(1) is the measured intensity, & is the system constant,
I(2) is the unattenuated reference intensity, L is the path
length, o(4) is the wavelength-dependent absorption cross
section, and # is the number density of the species averaged
over the path length. The dimensionless quantity Lo(A)n
represents the optical thickness, denoted as 7 .

Here we describe the algorithm developed for the
retrieval of both the NO, concentration and the aerosol
optical thickness. After the background subtraction, the
observed light intensity /;,s(1) can be expressed as

1yn(2) = KD, (DT, (DT, (A)  0)

Here £ is an empirically determined coefficient, /o(2) is the
spectrum of the light source observed at a location close to
the light source, 71,(4) = exp[-zu(A4)] is the transmittance of
air molecules (Rayleigh scattering) [%,(4) is the molecular
optical thickness], T(1) = exp[-&(A)] is the transmittance of
air molecules (Mie scattering) [7,(1) is the aerosol optical
thickness], and To(4) is the transmittance representing the
NO, absorption. By dividing 7,(4) with the path length L, it
is possible to estimate the average value of acrosol extinction
coefficient, ar,(2). In the present algorithm involving both
the NO, and the aerosol retrieval, we first correct the
observed spectrum /,(4) for the first three factors on the
right-hand side of Eq. (3):

L (D)

TG

Q)

Combining Egs. (3) and (4), we obtain
Ly,' W =expl-7,()-o)C],  ©

where C = N is the column amount of NO,. Moreover, if it
is assumed that the aerosol optical thickness exhibits
wavelength dependence as given by the Angstrom exponent,
we obtain

-In’

obs

"(A) =B/ X)) +05(A)C . 6
VRemoving the slowly varying contribution from Eq. (5),

Fig. 2 Adaptor tubes for UV-VIS-NIR
MAX-DAOS measurement

and applying the spectral matching to the rapidly varying
part with the laboratory cross-sectional data, we obtain the
value of C. Then, substituting C into Eq. (5) leads to the
Balue of (L) ™. In the actual data analysis, this process
has to be operated in an iterative way. When simultaneous
observation is made with a sunphotometer, the resulting
information on the Angstrom exponent can be employed for
aerosol retrieval from DOAS data. Alternatively, it is
possible to employ DOAS data taken on a very clear day,
and by using this as a reference spectrum (assumed to be
mostly aerosol free), the spectra taken on other turbid days
can be analyzed to obtain the aerosol quantity.

4. Results and discussion _
4.1 Results of DOAS and sunphotometer measurements
At the CEReS, Chiba University (35.62°N, 140.12°E, 30

‘km southeast of Tokyo), long-term observation has been

made in terms of the concentrations of nitric dioxide and
aerosol. The monthly observation result of NO, and aerosol
concentration measurement in February 2009 is shown in
Fig. 3. Generally the region is relatively dry in this winter
season with small precipitation. The urban air-pollution tends
to exacerbate because of the formation of ground inversion
layer. Figure 3(a) shows the monthly variation of NO,
concentration, comparing the DOAS and ground sampling
data. Since the DOAS light source is available only during
the daytime (red, blinking lights are used during nighttime),
the DOAS data are shown only for daytime. The diurnal
variation from the ground sampling data clearly indicates
that the NO, concentration tends to increase during the
nighttime, due probably to the strong inversion layer. The
ground sampling data are generally higher than the DOAS
result: this can be ascribed mainly to the vertical distribution
of the pollutants, higher near the ground level (the intake
height of ground sampling is about 3 m), decreasing toward
higher altitude (the average height of the DOAS light path,
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80 m). Also, it is known that the UV fluorescence method is
sensitive not only to NO,, but also to other chemical species
existing together. Figure 3(b) compares the temporal
variation of aerosol extinction coefficient from DOAS
[a (A with A= 425 nm] and the SPM concentration from
the ground sampling. Obviously a good correlation is found
between the two quantities. The regression between the
DOAS optical parameter (in units of m™) and SPM mass
parameter (in units of g/m’) leads to the mass extinction
efficiency (MEE, in units of m”g). The MEE is an important
parameter connecting the optical and mass properties and
aerosol particles [10]. In the case of Fig. 3(b), the MEE value
can be determined to be 6.0+0.8 m”g, a reasonable value
for urban aerosols under dry conditions.

Figure 3(c) shows AOT variations from DOAS and
sunphotometer measurements. The DOAS values are
generally larger than the sunphotometer values because of
the difference in the light path directions, horizontal for
DOAS and vertical for sunphotometer. Nevertheless, a
reasonable temporal correlation is found between the DOAS
and sunphotometer results in Fig. 3(c). Figure 3(d) shows the
temperature and wind speed data observed at the CEReS site
(on the rooftop of a 4 story building). It is seen that the
change of wind speed becomes more significant when the
diurnal change of the temperature is larger. Comparison with
Fig. 3(a) suggests that the NO, concentration tends to
become larger when the wind speed is lower (0-2 m/s). This
tendency can also be found for aerosol particles: higher SPM
concentrations are found during nighttime when the wind
speed is generally lower. It is noteworthy, however, that
occasionally increasing aerosol concentration is found with
higher wind speed during the daytime, as seen the data on
10and 23 February 2009. This is likely to be caused from
local dust (or sea salt) aerosol sources.

Nighttime increase in air pollutants was observed from
the night on 12 February to the moming on 13 February (Fig.
4). Temporal behavior of temperature and wind speed shows
the onset of ground inversion layer. Nocturnal increase in the
aerosol concentration can be seen in Fig. 4(b), which lasted
until the noon of the following day. High concentration of
NO,is seen in Fig. 4(a), but more fluctuating in the range of
20-60 ppb.

4.2 Spectral radiance of scattered solar radiation

Molecular absorption spectra observed with spectro-
radiometers are shown in Fig. 6: (2) 300-730 nm (USB4000)
and (b) 700-1100 nm (HR2000). These clear-sky, skylight
spectra (raw spectra, not calibrated) were observed near the
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Fig. 3 Observation results during 10-23 February 2009.
(a) NO2 concentration from DOAS and ground sampling,
(b) extinction coefficient from DOAS and concentration
of SPM from ground measurement, (c) aerosol optical
thickness (AOT) from DOAS and sunphotometer
measurements, and (d) temperature and wind speed.
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DOAS and SPM concentration from ground sampling,
and (c) temperature and wind speed.

solar direction on 10 and 11 June 2009 (45° elevation, 58°
eastward direction) at Hamamatsu (34.43°N, 137.43°E). In
Fig. 5(a), ozone (O3) absorption feature is seen in the UV
part, in addition to several features due to Fraunhofer
structures intrinsic to the solar spectra. In Fig. 5(b), NIR
absorption features of O, (A band) and water vapor bands
are clearly seen. The calibration and quantitative
determination of molecular column amounts are discussed in
‘a separate presentation [11]. A NIR spectroradiometer based
on an InGaAs photodetector can be used to observe
absorption bands of CO,, a major molecular species
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Fig. 5 Molecular absorption observed with Spectroradio-
meters: (2) 300-730 nm (USB4000) and (b) 700-1100 nm
(HR2000)

responsible for the global warming,

Figure 6 shows (a) observed spectrum (11:45 JST on 10
June 2009) and (b) simulated spectrum. The simulation is
based on MODTRAN and HITRAN calculations. In the
MAX-DOAS approach, the analysis of SSR spectra taken at
various observation directions (elevation angles) is carried
out by means of radiative transfer calculations. Recently, we
have demonstrated that the combination of VIS spectra for
direct solar radiation, aureole and SSR enables the retrieval
of aerosol optical characterization as well as column
amounts of water vapor and ozone [12]. The present
combination of three spectroradiometers covers wider
spectral ranges, and more comprehensive analysis of
atmospheric conditions will become feasible using the
MAX-DOAS approach.

5. Conclusion ,

In this work, we have reported recent achievement in our
activities in DOAS and MAX-DOAS measurements. In the
DOAS measurement of NO, and aerosol (SPM), the data
observed at CEReS have been employed to investigate
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Fig. 6 Near-infrared measurement inchuding CO, absorption:
(a) observed spectrum (with a NIR spectroradiometer), and
(b) simulated spectrum.

long-term variations of urban air-pollution in the lower
troposphere. The results of DOAS measurements are
compared with those from sunphotometer and point
sampling at a nearby ground station. As an extension of
visible measurement of direct/scattered solar radiation, we
have constructed an instrument that enables MAX-DOAS
measurements covering a wide wavelength range of
300-2200 nm. The instrumental calibration and related
improvement of the radiative transfer calculation is ongoing.
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Abstract

The purpose of this research program is to investigate and clarify the microwave response from snow and ice

in order to apply the results to development microwave sensor for road-surface condition monitoring of winter

road maintenance operation. This paper introduces the outline of this research program briefly and summarizes the

dielectric measurement of snow, one of the topics of this research, which was conducted in this November.

.

Keywords : Microwave remote sensing, Winter road maintenance, Dielectric measurement of snow and ice -

1. Introduction

In Japan, the road maintenance in winter is
very important for the safety and the effectiveness of
.the traffic, because approximately half of the
highways are located in the cold and snowy areas.
The essential monitoring activities are namely road
surface conditions monitoring, as well as the ice and
SNOW cover monitoring.

By utilizing the remote sensing technologies,
the information of the road surface conditions over a
wide area can be obtained without having any staffs

on the road locations. Furthermore, by investigating

“transmission”, one of the characteristics of the
electromagnetic wave, internal conditions of snow
cover, volume distribution, structures of layers and
snow-buried road surface conditions can be
monitored.  Microwave  sensor, with its
“transmission” properties, will complement the
optical sensor in foggy or snowy situations, and the
combination of both sensors will create a more
powerful system.

The purpose of this research program is to
investigate and clarify the microwave response from
snow and ice in order to apply the results to
development of microwave sensor for the
road-surface condition monitoring of winter road
maintenance operations.

_ 2. Outline of research program
This research program consists of the following
‘topics.
1) Fundamental research on microwave response

from snow and ice. (See section 3.)

2) Development of a microwave sensor system to
detect the snow and ice on road surface.

3) Development of a SAR data processing method
to detect the snow and ice on road surface.

4) Designing practical applications of remote
sensing to the winter road maintenance operations.
Sl S . S .

3. Topics: Dielectric measurements of snow with
microwave free-space method
3.1. Introduction

To investigate the microwave response to snow,
the dielectric measurements of snow by using
microwave free-space method were conducted from
9™ Nov. to 13" Nov. 2009 at the Snow and Ice
Research Center (Shinjo, Yamagata), NIED. The
measurements of artificial dry snow were made in
the 4 to 6 GHz range. A linearly polarized wave
obliquely incident on a surface was used. The
incident angle of 6, was 30 to 60 deg. Polarization
mode were selected TE-mode and TM-mode. The
temperature in the room was kept at -20C.
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3.2. Methods

A permittivity value for a sample is estimated
by comparing with the measured value of the
reflection coefficient by network analyzer and the
calculated value theoretically. The permittivity is the
value which minimizes the delta calculated by
following equation.

A = 2(Trs-T(6) Y )
where I'eqs 1S the measured value of reflection
- coefficient, I" is the theoretical value and &, is the
estimated value of permittivity of the snow
“sample.

This time, the reflection at upper surface of a
sample is considered, and the theoretical value of the
reflection coefficient is calculated the following
equations.

The refection coefficient for TE-mode (HH) :

CO8ly Ty T2

Upgp e
TE eostl - . 285

The refection coefficient for TM-mode (VV) :

Ver — 8in2f; — cocoal;
ey — 8int0; -+ spcosl;

Drag =

where ¢, is relative permittivity of snow, 6; is angle of
incidence.
The density of sample was estimated by the
following equation of an empirical model .
&=¢=10+19p, forp,<0.5[glem’] (4)
where ¢, is relative permittivity of snow, ps is density of
snow [g/en’].

3.3. Measurement System
The measurement system consists of a network
analyzer, by which reflection coefficients are
“measured as S11 and S11, and two antenna systems,
hom antenna and dielectric lens, which emits
microwave and receives. The block diagram of the
system is shown in the following figure.

3.4. Example of measurement result

An example of the measurement result is
shown in this section. The measured data of the
reflection coefficients are shown in the following
figure. Blue color means Thode and red means
TH-mode. The dashed curves are theoretical values
when the relative permittivity is 1.1 and the density
of snow calculated by the empirical model is 0.053
[g/lcm3]. It seems to give good estimation because
that the average measured density of the sample was
0.065 [g/em’].
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4. Conclusion
This year, the following items have been
conducted:

1) A number of experimental researches on the
characteristics of propagation and scattering of
microwave against snow and ice, €.g. measurements
of reflection from snow and ice.

2) The performance evaluations of the C-band
antenna designed for the sensor.

3) Examination and discussion of the method
(multi-polarization SAR) applied for detecting the
snow and ice.
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Abstract

Global percent tree cover is an important parameter to understand global environment. It can be used for

deriving carbon cycle models as one of the environmental parameters in it, deciding environmental policies and

understanding the present environmental situation on school education. Some attempt$ to produce global percent

tree cover maps have been made so far. But previous maps of global tree cover percentage are not so-accurate. In

this study, simulated training data were created by combining a lot of ground truth data cons1st1ng of various land

cover types to improve the accuracy of the estimate of percent tree cover. QuickBird images and Google Earth

images were used for getting training data. Percent tree cover was estimated by regression tree method using

MODIS data.

Keywords : Global MODIS 2003 data, Google Earth, decision tree.

1. Introduction

Forests provide foundations for life on earth. They serve
as habitats for it and regulate the climate and water resources.
But they have recently been converted or degraded to
unsustainable forms of land use, because of urbanization and
deforestation by expanding human populations "2 Trees are
important structural members of forests. They remove
carbon dioxide from the atmosphere when they grow, and
emit it when they decay or burmn. Some attempts to produce
global percent tree cover maps have been made so far ),
These maps can be used for deriving carbon cycle models as
one of the environmental parameters in it, deciding
environmental policies ‘and understanding the present
environmental situation on school education. However, these
maps of global tree cover percentage produced by some
organizations or researchers are not so accurate. The final
goal of our study is to produce a precise global percént tree
cover map in a certain year and to investigate the change of
tree cover.

In this study, percent tree cover was estimated for some
sites in Burasia as a preliminary research. It was estimated by
regression tree method using MODIS data. The original
MODIS dataset (Global MODIS 2003 data processed by
CEReS Chiba University ) was converted into the annual
predictor variables, such as yearly maximum band values,
yearly maximum NDVI value and yearly average band

values. The produced predictor variables were used for
constructing regression tree model and estimating the
percent tree cover. QuickBird images and Google Earth
images were used for getting training data. Because the
actual land covers are very complicated, various land cover
types of training data are needed to make more precise
estimate. For instance, cropland, urban area and many kinds
of trees and soils are there in one pixel (1km x 1km). To deal
with this problem, simulated training data were created by
combining a lot of ground truth data.

The definition of “tree’ and “percent tree cover (or tree
canopy cover)” are a little bit different by the research am8).
In botany, tree is defined from following aspects, that is, it is
perennial or not, it has a self-supporting stem or not, the
thickness of ksecondary tissues is increasing or not, it
repeatedly flowers and fruits or not, the girth of its stem

“increases or not, or by height 20 But it is difficult to

distinguish trees well by satellite remote sensing technique.
In this study, the percent tree cover meant the percentage of
the ground surface area covered by a vertical projection of
the foliage and branches of trees at the time when trees have
grown thick. Small openings inside the crown and small

gaps between crowns are included. The definition of a tree is V
a woody perennial with a single self-supporting main stern,
and its minimum height is approximately 3-6m. Trees for
agricultural production or in gardens, and trees on
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plantations are included. Bamboos were also included in
trees.

2. Study area

In this study, percent tree cover was estimated for 9 areas in
Eurasia. 7 areas were in Asia, which ranged from West
Siberia to Indonesia, and 2 areas were in Europe, which were
part of Iberia peninsula and part of Scandinavia peninsula
(Fig. 1). These areas cover various land cover types from
tropical zone to arctic zone. Training data were. obtained
from only 7 Asian areas to examine whether these training
data were enough to estimate the tree cover percentage at
global areas.

3.Data

3.1 MODIS data ,
Global MODIS 2003 data processed by CEReS Chiba

University were used for estimation of percent tree cover.-

The summary of this dataset is given in Table 1. This dataset
was made from MODIS/TERRA Nadir BRDF-Adjusted
Reflectance 16-day L3 Global lkm SIN grid product
(MOD43B4 NBAR) 3 This product is corrected surface
reflectance to a nadir view geometry at the mean solar zenith
angle during the observation period using BRDF model. It is
a product of 16-day composites. It was mosaicked and
re-projected to geographic map projection at CEReS, Chiba
University. Furthermore cloud-contaminated pixels were
linearly interpolated using 2002 and 2004 data to make it
cloud-free.

Table1 Summary of global MODIS 2003 data
processed by CEReS Chiba University

Spatial resolution Temporal resolution Spectral bands
32.3748 seconds 16 days Band1-Band7
3.2 Google Earth imagery

Google Earth™ images were used for producing training
data set and validating the result. Training data were collected
from only the areas where percent tree cover was almost
100% or 0% because it was difficult to estimate the true
percentage of tree cover from Google Earth™ images. They
were obtained to include various land cover types from
tropical zone to arctic zone (Fig. 2, Table 2). Training data of
percent tree cover from 0% to 100% were produced by
simulation using linear equation.

Google Earth™ images have some problem for science.
One of the problems of the use of Google Earth™ images is
that they might be intentionally falsified. To partially deal
with this problem, all collected training data were checked by
comparing with MODIS 2003 data.

3.3 QuickBird imagery

Six pan-sharpened QuickBird images were also acquired
for use in validating the result. Percent tree cover of those
images was estimated by unsupervised clustering. In case the
estimation result was not good, on-screen digitizing method,
which was manual extraction of trees according to visual
interpretation, was performed.

Fig. 1. Location map of the study area. Boxes represent areas where percent tree cover were estimated in

this study.
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Table 2 Site locations and the number of collected training sites, and their dominant land cover types. The “Area”

corresponds to that of Fig. 2.

‘Number of collected training sites
Area Forests Grasslands or agricultural areas Urban and bare areas
West Siberia 19 40
Around Kazakhstan 1 10 3
Around Mongol 3 5 10
Japan and Korea 25 18 8
China 11 2
Indochina peninsula 12 1
Indonesia and Malaya 1 2

(DWest Siberia. @Around Kazakhstan @Around Mongol
@Japan and Korea (5)China @Indochina peninsula
(DIndonesia and Malaya

Fig. 2. Distribution of collected training sites.

4. Methods

. 4.1 Creation of simulated training data
Training data ranging from 0% to 100% in tree cover
percentage were created by the equation:

S, =Zn:ajV,.j
=1

where §; is simulated MODIS 2003 value of band i, ¥ is
original MODIS 2003 value of band i at collected ground
truth site joand ; is area ratio of site j. S; was calculated at 5%
intervals of a;.

(D

204 training data in total collected from Google Earth™
images were grouped into 53 types, according to its area,
land cover type and predictor variables. .S; was calculated for
combinations of these groups. In this study, impossible
combinations, for example combination of forest in Siberia
and grassland in Indonesia, were not considered.

4.2 Predictor variables

The selection of predictor variables to estimate percent tree
cover is difficult for estimating percent tree cover using
regression tree method. In previous researches, a lot of
annual variables were used such as maximum value of
NDVI (normalized difference vegetation index), average
band 1-7 reflectance at three or seven highest NDVI periods,
minimum band 1 reflectance, maximum band 2 reflectance,
average reflectance in four darkest reflectance periods and
amplitude for minimum and maximum reflectance *>". The
best variables were selected among them.

In this study, MODIS 2003 values in whole study area and
simulated training data were converted to only- 10 predictor
variables. They were average NDVI value at periods with
three highest NDVI values from period 9 to 18, average band
1-7 values at periods with three highest NDVI values from
period 9 to 18 and minimum NDSI (normalized difference
soil index) value and average SI (shadow index) value at
periods with three highest NDVI values from period 9 to 18.
NDVI, NDSI and SI** were calculated from equations:

band?2 — band1

NDV] = ——, 2)
band?2 + band1
band6 — band?2

NDS]:u’ 3)
band6 + band?2

and
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SI = {(band1 max— bandl) x (band3 max— band3)

« (band4 max— band )}’ >

4
where band i is MODIS 2003 reflectance of band i and
band i 5 1s maximum band i reflectance in the images.

4.3 Decision tree model

Regression tree analysis is used well for estimating percent
tree cover. In this study, regression tree models were
produced from predictor variables made from simulated
training data using Cubist, which is a commercial software
for constructing regression tree model by RuleQuest
Research Pty. The models were constructed to minimize the
number of rules unless the mean absolute error on training
data was larger than 5%, in order to avoid overfitting the data
and keep the stability of constructed models. Band 3, band 4
and SI of predictor variables were used only in case the mean
absolute error of constructed model on training data was
larger than 5%, because these bands had some noises in the
images. '

4.4 Estimation of percent tree cover

Percent tree cover was estimated pixel by pixel. Regression
tree models to apply to each pixel were chosen by comparing
predictor variables of the pixel and unbiased estimator of
mean value and standard deviation of predictor variables on
grouped training data. The average percentage among tree
models to fit each pixel was adopted as its estimated percent
tree cover.

4.5 Refinement of percent tree cover estimation

There were some cases where trees could not be clearly
distinguished from grasses or agricultural areas. For this
reason, new decision tree models were created using MOSIS
2003 band reflectance and NDVI values of 23 periods
directly as predictor variables. In these models, only pixels
fitted to seasonal changes of training data were chosen for
tree cover estimation. The accuracy of these new models was
higher, but pixels to fit with these models were fewer.

5. Results

The percent tree cover map created on this study is shown
in Fig. 3. The mean absolute error compared with validation
data in 71 Asian sites was 10%, and that in 24 European sites
was 19% (Fig. 4).

6. Discussions

The accuracy of the estimation improved by the use of
simulated training data with the mean absolute error of 10%.
But the majority of improvement was in areas where training
data were collected. In areas where training data were not
collected, the number of pixels whose absolute error was
larger than 30% became smaller, though mean absolute error
was not improved. The areas where the estimation result was
bad were the south of Vietnam and high latitude areas. One
of the reasons is that agricultural fields in Southeast Asia
consist of a lot of types in intensity and cropping season.
Another reason is that we did not use any training data in
water area. ‘ ‘

These results suggest that we have to collect more training
data throughout continental or global area for estimating the
tree cover percentage in global or continental scale. More
accurate validation and the comparison with previous
researches will be necessary.

I
oX X S
20 !5.'
~ .’. .
o *
Q\/ 80 x ‘00 * x»
" ). HIR 3 o
ep 70 B K
8 X
o= 60 x S 4
D RIS
>4 . o X
= 50 4
P * x L 2 ’0‘
2 % L Z N
T ? XX e
- 530
= “.?
-g 20 o R
= 3. P
= 10 e

0

0 10 20 30 40 50 60 70 80 90 100

Actual percentage (%)

X Pixels in Europe
@ PixelsinAsia

Fig. 4 Comparison between estimated tree cover
percentage and the actual percentage extracted from
Google Earth™ images and QuickBird images. The mean
absolute error of the estimated percentage in Asia
and Europe was 10% and 19% respectively.
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0 100 Tree canopy cover (%)

Fig. 3 Percent tree cover estimation map for this study area. This map was produced by regression tree
method using MODIS data. Training data were created by simulation to combine a lot of ground truth data
consisting of various land cover types.
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Abstract

Optical remote sensing usually has not enough multi-temporal high resolution images to describe phenology of

objects for forest mapping in local scale. This paper presents a possibility to improve accuracy of tropical forest

mapping by combination of optical and microwave images. Study area is located in the southern part of Vietnam. The
first, ALOS/AVNIR-2 images were used to create the forest map, then ALOS/PALSAR single-polarized and
dual-polarized images were used to improve the accuracy of the classification result by a combination model.

ALOS/PRISM images were also used to make Pan-sharpen images for collecting training data and validation data.

Discrimination of Planted Forest and Natural Forest is one of the most important purposes of this study. The overall
accuracy of ALOS/AVNIR-2 classification result is 77.0%, while after combining with ALOS/PALSAR, it is increased
up to 88.2%. The accuracy is higher than 90% for main forest classes.

Keywords : ALOS/AVNIR-2, ALOS/PALSAR, Combination model, Planted Forest, Natural Forest

1. Introduction
Tropical forests cover large parts of the Earth’s land surface.
These forests hold an enormous biodiversity, and they are
disappearing at an alarming rate (Nugroho 2006). Deforestation
is occurring at an alarming rate in developing countries, which
are the main location of tropical forests. For example, according
to 2005 report conducted by the Food and Agriculture
Organization of the United Nations (FAO), Vietnam has the
second highest rate of deforestation of primary forests in the
world, second only to Nigeria (Butler and Rhett 2005).
Meanwhile, forest mapping in the developing countries like
Vietnam has many problems. The most recent official forest
map of Vietnam is the Vietnam Forest map 2005. This map was
produced for the Ministry of Resource and Environment by the
Forest Inventory and Planning Institute (FIPI) of Vietnam in
2008 using Landsat ETM+ images 2005. However, this map
includes many mistakes that are easy to find by visually.
Monitoring tropical forest frequently on the ground is very
difficult related to its existence in the complex terrains, large
areas. Therefore, remote sensing images have been widely
applied as an important tool for mapping and monitoring tropical
forest. Forest mapping by remote sensing data already has been
known by many programs that cover global scale, such as FRA
2000 by FAO using SPOT Vegetation data, Global Forest
Mapping (GRFM/GBFM) Program by JAXA using JERS-1
SAR data and others. Moreover, the broad categories mapped by
" these programs fail to deliver valuable and useful information on

the variation within the tropical forest environment (Toﬁrhp
2004). Many other studies of forest mapping using high
resolution images have been presented in several works, some of
them used multi-temporal optical images (Rahman et al. 2005,
Tottrup 2004, Foody et al. 2003, Helmer et al. 2000). But,
collecting good multi-temporal images of high-resolution
satellites for tropical regions in one year cycle is very difficult or
impossible because of the presence of the cloud and long repeat
cycle of satellites. E.g. of using microwave data for forest
mapping (Almeida-Filho et al. 2009, Ling et al. 2008, Cloude et
al. 2007, Fransson et al. 2007, Sgrenzaroli et al. 2002, Takeuchi
et al, 2000), microwave data can be used to analyze some
characters of forest, specially that microwave data is very useful
for studies about forest cover change detection and forest fire,
due to its effective characteristics that can penetrate the surface
in different conditions of the weather. In spite of that using only
microwave data to make a complete forest map has many
limitations. The principal uses of radar will be to map forest
structure and moisture, this largely
complementary to that obtained by optical techniques (Dobson
and Craig 2000). However, the studies about combination of

information  is

optical and radar images for forest mapping is not so many,
some of them about using synergism of SAR and optical data
for land use classification, including some forest types in
categories table with limited number of forest classes (Kuplich
2000, Juha et al. 2000).

ALOS satellite of Japan was launched successfully on
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January 24 2006. It has both microwave and optical sensor. With
high resolution (~10m), this data will be very useful for land
studies including forest studies in local scale. The study of
combination between optical and microwave data also becomes
more feasible. Therefore, this study presents a possibility to
improve accuracy of tropical forest mapping by combination of
optical and microwave images of ALOS. To support for
managing reforestation activities and preserving existing natural
forest, discrimination of Planted Forest and Natural Forest is one
of the most important purposes of this study. This study will not
discuss biomass estimation and wood volume estimation, due to
the lack of ground truth measurement data.

2. Data acquisition

The study area of this study is located in the southemn part of
Vietnam. It is covered fully by four scenes of ALOS/AVNIR-2
or six scenes of ALOS/PALSAR. The ALOS/PALSAR
single-polarized  images selected  closest to
ALOS/AVNIR-2 images as possible about time (there are no
dual-polarized images around that time). This selection can

wCere

reduce effects of land cover change when combine them

together to remove clouds (Hoan and Tateishi 2009) and to

‘separate between forests and growing paddy/croplands. Table 1

shows the information of data acquisition used in this study.
Table 1. Information of data acquisition

Spatial

Data names Information .
resolution
Four images, date
ALOS/AVNIR-2  2007/01/19, 2007/01/19, 10m
2008/02/05, 2007/02/05
Three images in date
ALOS/PRISM 2009/03/28, 2009/03/31,  2.5m
2009/03/31
Six images, three images in
?Hfg(lf_f; 1ORR  date 2007106020, the others i 625m
date 2007/02/19
Six images, three images in
ﬁﬁ;ﬁﬁﬁ date 2007/06/20 and the 12.5m
others in date 2007/07/07
Produced in 2008 by Forest
Inventory and Planning
X:;;%gores’[ Institute of Vietnam using 50m
Lansat ETM+ images in
2005
Local topographic Nine pieces in vector format,
map 2005 scale 1:50.000

3. Methodology
In whole the 2007 year, only one-time good quality images of
ALOS/AVNIR-2 were found in the study area. These images are

not enough to describe phenology of land cover objects for
forest mappmg. They cannot separate between forests and
growing paddy/croplands and others. This section will present a
method for combination of single-temporal ALOS/AVNIR-2
images and multi—tempbxal ALOS/PALSAR images for tropical

forest mapping.

3.1. Forest classes definition

The forest classes were mainly determined after visual
interpretation of the ALOS/PRISM sharpen image, 2.5m spatial
resolution. In addition, other concemed documents were used as
references including: National Forest Inventory - Field Manual
(FAO 2004), Vegetation and Special Vegetation of Forest
(Vietnamese, Chan and Dung 1992), and the Vietham Forest
Map 2005. The mitial number of categories visually
discriminated was 16, but some classes were found very similar
in digital processing products (by unsupervised classification -
Kmean method). Finally, 11 classes were used for tropical forest
classification in the study area, in which, there are 5 classes of

forest as shown in Table 2.
Table 2: Legend table for tropical forest mapping of the study
area in southem part of Vietnam

Class name
1. Primary forest
2. Degraded forest
3. Bamboo
4. Mixed forest
5. Planted forest
6. Shrub & Grass
7. Mosaic
8. Paddy/Cropland
9. Built-up
10. Wetland
11. Water

3.2. ALOS/AVNIR-2 classification

In normal, forest mapping and land cover mapping from
remote sensing images are usually performed using either
supervised or unsupervised techniques. In classification, there
are two types of classes that need to be distinguished: user
classes and spectral classes. User classes are those categories of
interest that the analysis is actually trying to identify in the
imagery. In contrast spectral classes are groups of pixels that are
uniform with respect to their brightness values in the different
spectral channels of the data. Actually, rarely there is a simple
one-to-one match between these two types of classes. Spectral
classes are always more detail than user classes. In this study, to
determine ability of ALOS/AVNIR-2 images in tropical forest
mapping, all main spectral classes were used as training data to
estimate user classes. The first step, unsupervised classification
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(K mean) method was used to divide image to 60 spectral
classes. Each class of the spectral classes was compared with
~ PRISM-sharpen image and other reference data like local forest
map 2005 and Tree-Height map to determine that belong in
which user class name. Only main spectral classes that are easy
‘to determine user class name and cover large areas were used.
Subsequently, 30 spectral classes were already chosen.

One of the most important purposes of this study is to
discriminate planted forest and natural forest. However,
clustering spectral classes of ALOS/AVNIR-2 image using
K mean method was not successful for this purpose. Thus,
discrimination will be tried one more time by supervised
techniques. To separate planted forest and natural forest in
training data, one simple mask was drawn manually for the main
locations of natural forest. All planted forests inside of this mask
were deleted while natural forests outside of this mask were
converted to a new planted forest class. Single pixel is usually
error of classification result. In this study, every single pixels in
training data were removed. Therefore, total of 31 classes were
used as training data for supervised classification by Maximum
Likelihood (ML) method to represent for 9 user classes as
shown in Table 2 without paddy/cropland and built-up area.
Because paddy/cropland and built-up area are confused totally
with forests and other land cover types in ALOS/AVNIR-2
image, so they have no training data for supervised classification,
they will be estimated later by ALOS/PALSAR data.

Figure 1: ML classification result of ALOS/AVNIR-2
Figure 1 shows some examples that Maximum Likelihood
method also cannot discriminate between planted forest and
' natural forest from the ALOS/AVNIR-2 image. The region (1) is
a location of planted forests but there are many natural forests in
the classification result. On the other hand in the region (2),
many natural forests was misclassified to planted forest.

The observed time of the ALOS/AVNIR-2 images is in the
growing season of paddy/croplands in the study area. The
single-temporal ALOS/AVNIR-2 image also cannot separate
between forests and growing paddy/croplands as shown in

Figure 2.

(@ ®) ©
Figure 2. Confusion of paddy/croplands and forests in AVNIR-2

_ classification result, but that can be separated clearly in

PALSAR visually, (@) AVNIR-2 image (R-red, G-NIR, B-green),
(b) classification result, and (c) PALSAR image

in Figure 2( ), the black ellipse is a place of paddy/cropland,
but in the classification result from ALOS/AVNIR-2 (figure
2(b)), the paddy/cropland almost was misclassified to planted
forest, bamboo or other forest types. At the same time in figure
2(c), the black ellipse (dashed line) is location of forests in
PALSAR image, they are easy to be separated with the
paddy/cropland area in the radar image by visually. In addition,
some other land cover types like built-up area also cannot be
discriminated from others by ALOS/VNIR-2 image, but it can
be separated easily by ALOS/PALSAR image.

From the analyses above, it can be concluded that using
ALOS/AVNIR-2 image (single-temporal) cannot separate
between planted forest and natural forest, between forest and
growing paddy/cropland, between built-up area and some other
land cover types. ALOS/PALSAR data will be used to solve
these problems.

3.3. ALOS/PALSAR analysis

The interest in using radar remote sensing for monitoring
forest cover raises from the two assets of radar data. The first,
radar can provide information related to the canopy volume,
which cannot be collected by other means. The other advantage
of radars is the possibility to acquire data over areas with
frequent cloud or haze coverage as tropical regions (Toan et al.
2001). In this study, radar data was used for two main purposes:
the first one is to separate forests and growing paddy/cropland
that cannot be separated by single-temporal optical image; and
the second one is to discriminate planted forest and natural forest
by analyzing structure of forest.

According to. Alvin Wong (Wong et al. 1997), there are four
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main scattering mechanisms of radar including: “Smooth
Surface”, “Rough Surface”, “Double-bounce” and “Vegetation
Layers”. Where, backscatter in the scattering mechanism of
"Smooth Surface" is the weakest and backscatter in the
scattering mechanism of "Double-bounce" is the strongest.
These scattering mechanisms will be used to analyze the
differences of the interested objects in the next sections.

3.3.1. Discrimination of planted forest and natural forest

The main difference of tropical planted forest and tropical
natural forest is their structure. Tropical planted forest normally
has only one layer of wood tree and the density of the tree is not
very high. Conversely tropical natural forest always has more
than one layer of wood tree, density of the tree is usually very
high and there are many branches and lianas. According to Thuy
Le Toan (Toan et al. 2001), main scatterers of tropical natural
forest are shown in table 3.

Table 3. Main scatterers of tropical natural forest

Frequency  y C L P VHF
band
: Leaves,
Main Yes, Small  Branches Branches Trunk
scatterers Twigs . & Trunk
branches

Using ALOS/PALSAR (L-band), in forest, the scattering is
affected mainly by branches of tree. Meanwhile, number of
branches is one of the main differences between tropical planted
forest and tropical natural forest. It means that tropical planted
forest and tropical natural forest can be discriminated together by
ALOS/PALSAR images in theory.

Based on the scattering mechanisms, backscatter of tropical
natural forest with many branches and lianas is affected mainly
by the scattering mechanism of "Vegetation Layer". Backscatter
of tropical planted forest should be stronger with a significant
amount of the "Double-bounce"” scattering mechanism, because
some radar signals can go through the forest canopy to ground
and be affected by backscatter of ground and trunks.

In ALOS images, differences of planted forest and natural
forest are shown in Figure 3.

AVNIR-2 PALSAR - HH

PALSAR -HV
Figure 3: Differences of natural forest and planted forest in
ALOS images: region (1) is natural forests, region (2) is planted
forests
Planted forest and natural forest cannot be separated in

AVNIR-2 images, but boundary of them can be determined in
PALSAR images visually. Natural forest looks darker and
planted forest looks lighter. The boundary of them n HH
polarization image is clearer than in HV polarization image
(Figure 3). In this study, both polarization HH and HV were
used to separate between planted forest and natural forest.

When planted forest or natural forest areas in PALSAR
images are zoomed in, they are become visible not
homogeneous regions. They are mixtures of many different dots
(pixels), in that case, darker dots (for natural forest) or lighter
dots (for planted forest) is dominated. Consequently, these
images cannot be used to classify forest types directly. To solve
this problem, one filtering method is necessary to get mean
values of objects and at the same time, still keep their boundaries
well as possible. FROST filtering method - the best suitable -,
window size 15x15 was chosen (Lopes et al. 1993, Zhenghao
and Fung 1994). Then, the dual-polarized image (including HH

‘and HV) of PALSAR was classified by unsupervised

classification Kmean method to 20 classes. These classes were

labeled to two user classes: natural forest and others. After that,
every natural forest region that is smaller than 500 pixels (~5
hectares) was deleted. Finally, natural forest mask was
completed as shown in Figure 4.

Figure 4. Natural forest mask (right) derived from
ALOS/PALSAR dual-polarized images (right), color composite:
R-HH, G-HV, B-HH

The mistakes of planted forest and natural forest as mentioned
in Figure 1 do not appeared in the natural forest mask. This mask
will be used in combination model to make final tropical forest
map in the next section.

3.3.2. Discrimination of forests and growing paddy/croplands
ALOS/PALSAR is SAR of L band, long wavelength.
Paddy/cropland is considered like quite smooth surface by L
band SAR in any season (Ishitsuka 2007), in this case
backscatter of paddy/cropland is almost affected by the "Smooth
surface” scattering mechanism. This reason is due to the
weakness of backscattering of paddy/croplands in
ALOS/PALSAR images. Backscatters of forests are in

"Vegetation Layer" and "Double-bounce"  scattering
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mechanisms as presented in the section 3.3.1. Therefore,
backscatters of forests should be higher than that of
paddy/croplands. In this study, ALOS/PALSAR single-polarized
(HH) images were used to extract the paddy/cropland mask
because the observed time of the single-polarized images are
close to the received optical images and also it is enough to
separate between forests and paddy/croplands. Level slicing
method was applied to divide the PALSAR images to four
layers. The built-up class is also one of them. Final result is
shown in Figure 5, where, blue color is water and no-data,
green-yellow color is paddy/croplands, red color is built-up area
and grey color is other.

Flgufe 5. Pédciy/Cropland mask and Bullt—ﬁl; denved ﬁ'om
ALOS/PALSAS single HH polarization images

The paddy/cropland and built-up layers will be used as masks
in the combination model to make final forest map.

3.4. Combination model

The result classified from ALOS/AVNIR-2 images was used
as a background image to combine with the natural forest mask,
paddy/cropland mask and built-up mask derived from
ALOS/PALSAR images for producing the final tropical forest
map. This combination was summarized in one combination
model as shown in Figure 6.

According to Feilong Ling (Ling et al. 2008), multi-temporal
ALOS/PALSAR dual-polarization data can create accurate
maps for forest in flat areas. The capability to map forest in hilly
regions is still limited. Furthermore, the analyses in this study
showed a similar result. Therefore, the slope map developed
from DEM 10m resolution was used to remove high slope areas.
In this model, the areas that have slope higher than 10° will be
kept as ALOS/AVNIR-2 classification result.

Degt;aded F

' \ ! Not Natural Forest

E ‘ meoo ] N" ) / i_______4__________‘ """""
\\‘\ A DEM -~

t [ Mixed F "“"p“‘\‘ _ ok

: /g‘t%i

[ Phanted F ﬁ\\\m

Shmb&(srass

| YR

—» AND condition
- --P OR condition (for only direct conversions)

Figure 6. The combination model of ALOS/AVNIR-2 and
ALOS/PALSAR images for tropical forest mapping

In Figure 6, the continuous vectors present for AND condition.
That means, the parameters at begin of the vectors will be used
AND function to combine with other parameters. The dashed
vectors present for OR condition. The parameters at begin of the
vectors will be used OR function to combine with other
parameters. The dashed vectors will be used in direct

conversions only. That means, the parameters at begin of the

vectors will be used to combine with other parameters only
when destination has the same class name with original class, .g.
converting from Primary F of AVNIR-2 box to Primary F of
RESULT box, from Bamboo of AVNIR-2 box to Bamboo of
RESULT box, and so on. k

One example to explain the combination model, from original
Prlmaxy Forest as shown in the box of AVNIR-2 will have three
destinations presented in the RESULT box: to Primary F when
the pixel is in natural forest mask OR slope is higher than 10°% to
Planted F when the pixel is not in natural forest mask; and to
Paddy/Crop when the pixel is in paddy/crop mask AND slope is
lower or equal 10°. The order of priority functions is from up to

- down. Other classes were done by similar ways. Figure 7 shows

the final tropical forest map.
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Figure 7. The final tropical forest map 2007

4. Validation and Discussions

Accuracy assessment always is an important step of forest
mapping to verify the quality of information that resultant from
remotely sensed data. In this study, 330 random points were
selected by PCI software version 9.1 to validate for 11 classes of
the categories, averagely, 30 random points for one class. The
distribution of these points was shown in Figure 8.

Figure 8. Distribution of 330 random points for validation

Currently, the random points are in vector format, but the
required database is polygons that cover pixel by pixel of the
final tropical forest map. To build this database, the first, the
random points were converted to raster pixels based on the pixel
size and image size of the final tropical forest map. Then, these
raster pixels were converted again to polygons in vector format.

To set the attributes for the polygons of database, each random

point (pixel) was compared carefully with PRISM-sharpen
image and some other maps like local forest map 2005 and
Tree-Height map to determine class name which was already
mentioned in the categories (Table 2). This work was done
independently with classification steps. This validation database
was used to assess accuracy for both classification result derived
from ALOS/AVNIR-2 image and the final combination result.
To imagine the difference easily, user's accuracy and
producer’s accuracy of the classification result derived from
ALOS/AVNIR-2 images and the combination result were
compared together in Table 4 and Table 5. '
Table 4. Comparison table of User's accuracy before and after

combining with PALSAR
AVNIR-2 AVNIR-2 +
Class name only PALSAR
[1] Primary forest 91.7% 91.7%
[2] Degraded Forest 78.7% 88.4%
[3] Bamboo 50.0% 27%
[4] Mixed forest 86.2% 87.5%
[5] Planted forest 72.0% 91.7%
[6] Shrub & Grass 87.8% 91.5%
[7] Mosaic 81.6% 84.2%
[8] Paddy & Crop 0.0% 81.3%
[9] Built-up 0.0% 100.0%
[10] Wetland 27.8% 62.5%
[11] Water 100.0% 100.0%

Table 5. Comparison table of Producer’s accuracy before and

after combining with PALSAR
AVNIR-2 AVNIR-2 +

Class name only PALSAR
[1] Primary forest 78.6% 78.6%
[2] Degraded Forest 90.2% 92.7%
[3] Bamboo 50.0% 80.0%
[4] Mixed forest 69.4% 77.8%
[5] Planted forest 88.9% 95.1%
[6] Shrub & Grass 86.0% 86.0%
[7] Mosaic 69.0% 82.8%
[8] Paddy & Crop 0.0% 86.7%
[9] Built-up 0.0% 100.0%
[10] Wetland 100.0% 100.0%
[11] Water 100.0% 100.0%

The results showed that the ~overall accuracy before
combination is 77.0%, after combination overall accuracy is
increased up to 88.2%. .

Planted forest almost has only one layer of wood tree and it
looks smooth in ALOS/AVNIR-2 images, also Bamboo has .

* only one layer, and it looks smooth and light in ALOS/AVNIR-2

images. Actually, planted forest and bamboo are confused
together totally in optical data. That is why the accuracy of
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bamboo is increased more than that of other forest classes after
combination, from 50% to 72.7% for user's accuracy and from
50% to 80% for producer’s accuracy. Outside of confused with
bamboo, planted forest is also confused very much with other
types of forest like degraded forest and mixed forest. In addition,
many paddy/cropland -fields become planted forest in
ALOS/AVNIR-2 classification result. Therefore, accuracy of
planted forest also increased much after combination, from 72%
to 91.7% for user's accuracy and from 88.9% to 95.1% for
producer's accuracy. Accuracies .of paddy/cropland and built-up
increased very much because they have no training data for
ALOS/AVNIR-2 classification. Final accuracies of built-up area
and wetland maybe not correct because number of validation
points distributed in these classes is very few, only 4 points for
built-up and 5 points for wetland. Any way, this problem doesn't
affect so much to purpose of this study.

Primary forest, degraded forest and mixed forest are natural
forest, which are usually confused together. Some time, it is very
difficult to separate between of them even by visual
interpretation using very high resolution images like PRISM
sharpen images. For forest management purposes, they could be
merged together to become one natural forest class only. In this
case, error matrices of main forest classes are shown in Table 6
and Table 7.

Table 6. Error matrix of main forest classes before combining

with PALSAR
Reference data

Natural Planted User's
Classified  forest  forest Bamboo  Total accuracy
Natural 2 88 92.0%
forest
Planted 100 72.0%
forest i ‘
Bamboo 3 10 50.0%
Total .91 81 -
Producer's g9 00/ 88995 50.0%
Accuracy

Overall accuracy of the main forest classes before
combination is 86.8%.

Table 7. Error matrix of main forest classes after combining

with PALSAR
Reference data
Natural Planted User's
Classified  forest forest Bamboo  Total accuracy
0,
forest 87  100.0%
?anted 84  917%
orest
Bamboo 11 72.7%

Total 91 81 10

Producer's 95.6% 95.1%  80.0%
Accuracy

Overall accuracy of the main forest classes after combination
is 94.5%.

Accuracies of natural forest and planted forest become very
high after combination. That means, combination of
ALOS/AVNIR-2 and ALOS/PALSAR images in order to
separate between natural forest and planted forest shows a good
result, in the other hand ALOS/AVNIR-2 image has some
limitations in discrimination of primary forest, degraded forest
and mixed forest together. The accuracy of bamboo is still not
high after combination. Actually, bamboo includes natural
bamboo and planted bamboo, but they are almost similar
together. Validation result shows that some time bamboo is
confused with natural forest, but in some other places it is
confused with planted forest. So, separating bamboo from other
forest types is a very difficult work. In any case, accuracy of
bamboo was already increased after combination so much more
than before combination. That is also a success, however, not
very perfect.

5. Conclusions 7

Using single-temporal optical data like ALOS/AVNIR-2 is
not adequate to separate between forests and growing
paddy/croplands, between planted forests and natural forests.
However, using ALOS/PALSAR single-polarized image are
sufficient to discriminate between forests and growing
paddy/croplands, between built-up and others. On the other hand,
using ALOS/PALSAR dual-polarized images can separate
between planted forests and natural forests.

In whole the 2007 year, only one-time good quality images of
ALOS/AVNIR-2 were found for the study area because of the
presence of the cloud and the long repeat cycle of satellite.
Collecting multi-temporal optical images of high-resolution
satellites for tropical regions in one-year cycle to describe
phenology of objects for forest mapping is usually very difficult.
ALOS/PALSAR is not affected by cloud, in one year, it has
many images. Therefore, combination of single-temporal image
of ALOS/AVNIR-2 and multitemporal images of
ALOS/PALSAR for tropical forest mapping is a feasible way
for every year. Tropical forest mapping annually by high
resolution images becomes possible with ALOS data.

Combination of optical and microwave data of ALOS by a
combination model can improve the accuracy of tropical forest
mapping. The accuracy was increased up so much after the
combination. The final tropical forest map has a high accuracy,
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especially for forest classes.
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Abstract

Agriculture is one of the major economic sectors of Mongolia and the country’s economy is very much
dependent on the development of agricultural production.

Agricultural sustainability has the highest priority in all countries, whether developed or developing. Remote
Sensing and GIS technology are gaining importance as useful tools in sustainable agricultural management
and development. Maps, photographs and satellite images were used to bu11d an area-sampling frame in order
to further improve the agricultural statistics system in Mongolia.

This paper discusses the integrated use of Remote Sensing and GIS technology in particular cropland areas for
sustainable agricultural development and management in Mongolia, with case examples.

We were developed agricultural cadastral map and create the vector coverage of the study site, the vector field
boundaries were built and digitized from the ground truth data using with ARCMAP software. In this study,
maximum likelihood supervised classification was applied to Landsat TM and ETM images acquired in 1989
and 2000, respectively, to map cropland area cover changes in the Selenge aimag of Mongolia. A supervised
classification was carried out on the six reflective bands (bands 1-5 and band 7) for the two images
individually with the aid of ground based agricultural monitoring data. Results were then tested using ground

check data.

Keywords: Mongolian agriculture, land-cover/use change, remote sensing, GIS

1.Introduction

Agriculture is one of the major economic sectors of
Mongolia and the country’s economy is very much
dependent on the development of agricultural
production. From 1990s, Mongolia entered a period
of transition from a central-based planned economy
to a market economy. The change to a market-
oriented economy had also an impact on the natural
resources and their management, not only due to
privatizations, but also because of the strong land
fragmentation as a result of the land distribution and
‘increased urbanization.

Mongolian agriculture had developed slowly. In the
1950s, agriculture began to adopt its present
structure and modern techniques, based in part on
material and technical assistance from the Soviet
Union and East European countries. Mongolia has
also began receiving large-scale agricultural
assistance from the Soviet Union and other East
European countries after Mongolia's 1962 entry into
Comecon /an economic association of Communist
countries, established in 1949, to facilitate trade and
development/. In the late 1980s, several changes in
governmental organization occurred to facilitate
agricultural development. When Mongolia began to

report statistics on arable land in 1960, there were
532,000 hectares of arable land, and sown crops
covered 265,000 hectares of the 477,000 hectares of
plough land.

Land reclamation started in the late 1950s and the
early 1960s, when 530,000 hectares were developed,
and it continued throughout each five-year plan.
During the Seventh Plan, 250,000 hectares were
assimilated, and the Eighth Plan called for an
additional 120,000 to 130,000 hectares to be
reclaimed.

Mechanization of the farm operations commenced
on a large scale in the 1950s with the Soviet
assistance. The Soviet Union provided most
agricultural machines, as well as advice and
expertise in mechanization. State farms were more
highly mechanized than cooperatives.

Mongolia's staple crops were wheat, barley, oats,
potatoes, vegetables, hay, and silage crops.

The objective of this study is to develop techniques
for assessing and analyzing agricultural land cover
land use in Selenge aimag of Mongolia, as a typical
monitoring region through of the use of remotely
sensed data and GIS. :

The availability of remotely sensed images and the
advances in digital processing and analysis
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techniques have enabled research scientists to have
information about the type, condition, area
estimation, and the modeling growth of agricultural
crops and agricultural product.

2. Study areas and data description

The selected study area Selenge aimag is prime
cropland region and located in the Northeastern part
of the Mongolia, measuring approximately
41,152.63 sq. km and covers mostly forest-steppe,
steppe and is rich in chernozem soil. The geographic
boundaries of the area are 49° 45’ 0”-49° 75" 0" N,
106° 30’ 0"-106° 50’ 0" E (Figurel).

"SELENGE

Figure 1. The study area

Selenge aimag is produces 60 percent of grain of the
country. The climate of the region is semi-arid and
arid; and the mean annual precipitation is 250-301
mm.

~ The main crops being grown in this region are wheat,
fodder crops, potato, and some vegetables. Except
for wheat, all other crops are rain fed. The planting
dates of wheat and fodder crops are mostly planted
in from the mid of May to October period. For
vegetables planting starts in the end of May and
continues until the end of August and mid-
September. Almost all the crops present an
important vegetative development- in the June—
August period. The wheat is harvested between
September and early October. Vegetables are
harvested gradually from late July to September.
Landsat Thematic Mapper (TM) and Enhanced
Thematic  Mapper (ETM+) images (with
path/row132/25-27,  133/25, and . 131/26-27)
acquired on 1989 and 2000, respectively. All images
were cloud free and of good quality.

3. Data pre-processing

Data processing and analysis operations were carried
- out using ENVI 4.3 and PCI GEOMATICA Image
Analysis software.

The preliminary data processing was performed in
this study using development of vector datasets. To

create the vector coverage of the study site, the
vector field boundaries were built and digitized from
the ground truth data using with ARCMAP software.
After that the each polygon points was then
registered to Geographic lat/Long (Zone-48 WGS84
using) projection and the evenly distributed. The
registration was based on first-degree polynomial
and nearest neighbour resampling techniques.

Each polygon was assigned a numeric code, owner’s
name, polygon measurement, geographical location
and the crop types of the ground-visited fields were
recorded as attribute information. The polygon
topology was then created and the attribute database
was linked to the polygons to make polygon
selection possible through a database query. This
map was used to validation of classification result.

4. The methodology »
The methodology is outlined in figure 2.

Ground
truth data

Satellite Agricultural
data statistics

» Parcel based
database

Figure2. Methodology

All pre-processed scenes can be superimposed to
form a “multivariate image set”, which contains two
types of information: spectro-temporal and spatio-
contextual. The spectro-emporal information is
extracted by the supervised classification, which
results in a first raster: the per-pixel classification.
The segmentation extracts the spatio-contextual
information contents and creates a map (in raster or
vector format) with the delineation of all uniform
image zones (segments). In the best case, these
segments should correspond with parcels on the
ground. The post-classification per field filter
combines both results, and creates a segment-based
(or field-based) map with enhanced accuracy. In
practice, the per-pixel classification was created with
the Maximum Likelihood algorithm.

Generally, land cover classifications with a limited
number of broad categories (water body, forests,
cropland, bare land...), the required training pixels
can easily be defined and delineated by photo-
interpretation of the pre-processed imagery.
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In this study using the Landsat geometrically
corrected multispectral map, test areas, and
containing different type of classes such as cropland
area (wheat and fodder crops, vegetables), water
. body, forest, and open space area (grassland and
bare land) in the Selenge aimag have been selected.
For classification, we have used Landsat 5 TM and
ETM data taken on August 1989 and September
2000.

Three TM bands (band 1, band 4 and band 5) have
been used for the study area. Upon completing the
classification, the integrated analysis of the
classified images and the vector field data was
carried out.

After this operation, the reduced class trainings were
used to mask out methodology. '

After completing the classification procedure, the
classified outputs weré combined to make a single
classified image such as cropland area and unused
area. '
‘To design the classification procedure, we analyzed
the producer’s and user’s accuracies of cropland area
and unused area and determined those classes with
high accuracy. The thresholds of approximately 82%
and 77% were defined for producer’s and user’s
accuracies respectively.

The individual class accuracies and the producer’s
and user’s accuracy were illustrated in an error
matrix in Figure 5. The result of the masking
classification is illustrated in figure 2 and figure 3.

" 4. Results and Conclusion

Supervised (ML) classification using six reflective
bands of the images acquired on 1989 and on 2000,
spectively - was carried out- using maximum
likelihood classifier. Figures. 3 and 4 show the result
of the classification.

P W-Cropland\ :

‘DUmlsed area :

Figure3. Croplands use/cover classification map in
Selenge aimag of Mongolia, using Landsat TM 1989.

— B8 _Cropland
B T 1iinused area |

Mongolia, using Landsat E
2000

elenge aimag

The results at aggregated land cover land use change
show that the type classes (Table 1).

The classified areas change dynamics are the
cropland - area-1.64% and bare land-0.09% was
expanded and forest area reduced 1.7%.

/by hectares/

- Cropland Water Open Forest

body space
TMS, 68944.84 | 480316.16 | 204437.15 | 112182.85
1989
ETM 81761.33 | 483575.88 | 206325.63 | 98472.64
2000
Change | 12816.49 | 3259.72 1888.48 -13710.21
LULC

Table 1. Land cover classification result of the Landsat
TM-1989 and ETM-2000 images

To analyze this classification, the overall accuracy
percentage, user’s and producer’s accuracy that
provide the statistical evaluation of these accuracy
values were calculated.

Table 2 and 3 show the supervised classification
accuracy results of the ETM and TM of agricultural
land area of the Selenge aimag.

Reference image
1]
@ | Class pame | Cropland | Unused z User's
o accuracy
x
=
= | Cropland 11 100 | 89.0%
3
=
g | U 12 100 | 88.0%
o
z 101 99 | 200
Producer's
Accuracy 93.7% 88.9%

Table 2. Supervised classification
confusion matrices ETM-2000
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Reference image

% | Class name Unused b3 User's
% accuracy
=} N
£
= | Cropland 100 | 91.0%
L
g
| s 100 | $8.0%
© z 103 9 200

Producer's

Accuracy 88.3% 93.6%

Table3. Supervised classification
confusion matrices TM-1989

Privatisations of agricultural land have changed

agricultural production considerably. Changes in the
intensity of use, functioning of cropland fragmentation
should be considered when analyzing changes at the
level of land-use. However, these factors cannot be
measured with remote sensing. Combination of the
present study results. with socio-economic data may
provide more conclusive evidence.

Land-cover/use changes do not always occur in a
progressive or gradual manner, but they may show
periods of rapid and abrupt change followed either by a
quick recovery of ecosystems or a non-equilibrium
trajectory (Lambin et al., 2001). In the present study
only two years are available: 1989 describing the land-
cover/use situation under the-centralized government
and 2000 in a market-oriented economy. The mid
1990s are not represented but stand for the moment in
which the land was distributed to rural households and
registration as private property took place.

Considering the above-described limitations of remote
sensing for analysis of land-cover/use dynamics, one
‘could state that the present results are more likely an
underestimation of change than an overestimation. If
more land-use aspects and information would be
integrated into the study, the area subject to change
would be likely to be more extensive.
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Abstract

Multispectal remote sensing data has been widely used for land cover mapping as well as urban study. The
mechanism of ground object recognition is based mainly on its spectral reflectance characteristics. However, in
most cases, it has certain limitation of accuracy in ground objects recognition. SAR remote sensing data on the
other hand supplies information on surface structure, texture patterns. To achieve the best result it is strongly
required to combine both these data for the analysis.

The study area Urumgqi is located in the northwest region of China. The used dataset is composed of Landsat TM,
ETM+, and JERS-1, PALSAR. At first the maximum likelihood classification was used to extract urban area.
The classification images were then combined with microwave data to segment out different land cover
categories. By combination of both Multispectal and microwave data, the accuracy the classification is increased
a lot. Some errors caused by misclassification of ALOS/AVNIR-2 data were corrected by using
ALOS/PALSAR.

Key word: ALOS/AVNIR-2, ALOS PALSAR, Multispectal data, Urban, niapping

1. Introduction

In order to conduct thorough analyses using any RS data sets, one should use a sophisticated interpretation
method or apply a well-known and reliable mapping technique. Thematic information can be extracted in
different ways, including manual, automatic and knowledge-based approaches. However, in most cases, users of
spatial information like to apply sophisticated and easy to use automatic method for high quality urban mapping.

Optical remote sensing data such as LANDSAT TM, ETM, ASTER, and SPOT have been widely used in urban
study. The mechanism of ground object recognition of these sensors is based on spectral reflectance
characteristics of land cover categories that are, in general, independent on their surface roughness and texture
patterns. This limits in certain way classification capability of these data types.

The microwave remote sensing data, on the other hand, provides information mostly on surface roughness or
texture that have no correlation to material composition of the ground object. In recent years, Advanced Land
Observation Satellite (ALOS) Phase Array L-type Synthetic Aperture Radar (PALSAR) data sets have been
successfully used for different environmental and socio-economic studies. Unlike the traditional single
frequency and single polarization SAR, the PALSAR has a number of advantages, because some objects, which
are not seen in one polarization, can be seen in another polarization, thus improving the interpretation and
analysis of the images. Separate use of both multispectal and microwave data has brought fruitful results in
thematic mapping, however, a combination of both data types for land cover mapping in general and urban study
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in particular could be one of the way to improve accuracy of classification.

In this paper, the author presents preliminary result on combination of multispectal and microwave remote
sensing data in urban study.

2. MATERIALS AND METHODS

2.1 Descriptions of Study Area

The study area is located in Northwest China (Fig. 1) between the range of 86°37! E-88°58! E and 43°014 N—
442067 N, with an area of around 169 km®. The topography mainly is hilly area and the basins in mountains. The
southwestern and northeastern parts are higher than the middle part and the northwestern part. It has a dry
continental climate in the mid-temperate zone. The average annual temperature is 6.2 degree Celsius and the
average annual precipitation is 250mm. Urumqi abounds in coal, oil shale, the salt in Dabancheng Salt Lake and
SO on.

0 250 500 1000 e
[ 3 | i |k had

Fig.1 the position of Urumqi in Mainland China

Urumgqi is the capital and the largest city in the Xinjiang and is important as the center of administration, culture,
economy and transportation. The current population is around 1.8 million. In the early 1884s, it was just a small
city. The construction of the Lan-Xin railway line (Lanzhou to Xinjiang) and Hotan line, Tu-Wu high-way
(Turpan to Urumgqi), Wu-kui high-way (Urumqi to Kuitun) and provided it a good opportunity for development.
Especially in the last 20 years of economic reform, urban expansion in Urumgqi has been very significant
(Alimujiang, et al., 2006). '

2.2 Data Sets

The materials used in this study are listed in Table 1
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The study area is covered by two scenes of ALOS/AVNIR-2 and two scenes of ALOS/PALSAR. Table _
1 shows the information of data acquisition used in this study. Reference data for training data
collection and accuracy assessment includes local maps and google earth.

Table 1. Information of data acquisition

Data names Observation date | Spatial resolution | Path/Frame Provider
ALOS/AVNIR-Z 20™ Aug 2008 10m 170/2710 JAXA
200 Aug 2008 | 10m 170/2720 JAXA
ALOS/PALSAR 16™ Jun 2008 12.5m 499/860 JAXA
dual-polarization :
16™ Jun 2008 12.5m 499/870 JAXA
SRTM-DEM 90m NASA

2.3 Data processing

Processing level of the received ALOS/AVNIR-2, and ALOS/PALSAR is 1.5. All of them are geo-coded images
(CEOS format) and in the same coordinate system. However, when overlay together, objects in these images
have not same position. ALOS/PALSAR data was geometric corrected using ALOS/AVNIR-2 image (Figure 2).
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Figure 2 Color composite of ALOS/AVNIR-2 (up) and ALOS/PALSAR data after geometric correct (down)
HH band (down right) HV band (down left)

3. Urban extraction using multispectral and microwave data

ALOS/AVNIR-2 and ALOS/PALSAR were collected for analyzing urban monitoring. The classification
schemes include:(1) water (rivers, lakes, ponds and reservoirs) (2) urban land (the largely continuous area
covered by urban constructions and urban facilities), (3) barren land, (4) crop land, (5) Forest. On figure.3 is
shown classification of Urumqi city by maximum likelihood method (Murai, 1996). Training site data were
collected by means of on-screen selection of the polygon training data method. A total of 100 training sites were
chosen for each image to ensure that all spectral classes constituting each land use category were adequately
represented in the training statistics. The accuracy of the classified maps was checked with a stratified random
sampling method, by which 60 samples were selected for each land use category. The reference data were
collected from field surveys and existing land use maps that have been field-checked. Global positioning
systems were used to assist in the identification of field data on images. Large-scale aerial photos were also
employed as reference data for the assessment of classification and accuracy.
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Urumgqi classification map in 2008

o 5400 18,000 LQ”
N - ¥ B warer B3 Urban
Meters | Cropland B8 Forest

Figure.3 Urumgq;i classification in 2008
4. RESULTS AND DISCUSSION
The overall accuracies of the classification is 79.84% in 2008; Conventional pixel-wise classification algorithms

have some difficulties in it detection and especially in separation of urban area from bare land: forest land from
cropland. The PALSAR data as known provides mostly information of surface roughness and therefore texture
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of land cover categories. PALSAR data display built up area, tree coverage and crop in different brightness
which is in proportion to backscatter level and therefore their surface roughness. On figure.4 is shown color
composite of PALSAR data band HH, band HV, band HH assigned to color red, green and blue respectively.
On this image, crop field is shown in different color shades, water bodies appear in black color, gray shades
show distribution of various unchanged objects such as housing and built up area, evergreen tree coverage (parks
and zoo).

» .

Figure.4 Color composite iges of PALSARFigure.5 Urumgqi high slope map
(HH=R, HV=G, HH=B)

The results in Figures.6 showed that the overall accuracy after combination is increased up to 88.2%. The final
classification map was produced by combining the classification result of ALOS/AVNIR-2 with the results
derived from ALOS/PALSAR images and the high slope map in Figure.5.

5. CONCLUSION

This is a preliminary result on study of combination of ALOS/AVNIR-2 and ALOS/PALSAR data for urban
study. The approach used in this study seems to be simple but quite effective. By using ALOS/AVNIR-2 and

- ALOS/PALSAR data has been refined to achieve more accurate classification result. The time difference
between ALOS/AVNIR-2 and ALOS/PALSAR is three months, in ideal case both data should be acquired at
the same time.
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Urumgqi classification map in 2008
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Figure.6 Classification map after combining ALOS/AVNIR-2 and ALOS/PALSAR
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Abstract

Bangladesh is still a relatively low urbanized country compared to other Asian countries. However, the
country experienced a remarkable rate of urban growth both in terms of urban population and urban centers
immediately after it’s independence in 1971. Information on land use and land cover is required in many aspects
of land use planning and policy development, as a prerequisite for monitoring and modeling.

The main objectives of this research is to analyze the major urban centers land use/cover change of
Bangladesh between 1989 and 2006 using multi sensor images data. But the present study gives emphasis on
Khulna city the third largest city of Bangladesh as a partial study of the whole research. This study employed
Landsat TM and ETM+ & ASTER images and land use/cover changes were quantified using a supervised
classification algorithm with Maximum Likelihood decision rule. For Training area selection, Google Earth and
photograph had been considered and common training areas used for Landsat TM and ETM+& ASTER image of
- specific urban center. After performing the classification method statistical analysis of all land cover class had
been done to find out the change of major urban area in Bangladesh. A
Keywords: Remote sensing; image classification; land use and land cover; urban expansion.

1. Introduction

Urbanization is one the most widespread anthropogenic
causes of the loss of arable land (Lopez, Bocco, Mendbm &
Duhau, 2001), habitat destruction (Alphan, 2003), and the
decline in natural vegetation cover. The conversion of rural
areas into wrban areas through development is currently
occutring at an unprecedented rate in recent human history
and is having a marked effect on the natural functioning of
ecosystems (Turner, 1994). Rapid urban expansion through
infilling of low-lying areas and clearing of vegetation
resulted in a wide range of environmental impacts, including
habitat quality.

Remote sensing can provide frequent land cover of an area
which can be a great tool to monitor urban land use pattern
and change for physical planning of an urban area. Khulna as
a divisional head quarter and a metropolitan city has a
distinctive land use pattern but entire city is not yet
developed.

2. Growth trend of Urban centers in Bangladesh

According to the 1991 Population census of Bangladesh,
following three statistical criteria were set to test how ‘urban’
the urban centers in Bangladesh are:

i) a density of not less than 1,000 per sq. kms.

ii) a population of at least 5,000

iii) a literacy rate of not less than 50 %.
Considering the above criteria the growth trend of urban
centers from 1901-1991 are given in the following figure 1.

Growth Trend of Urban Centers

500 = Uirhan Centers

g
&=
&
%

Number of Lirban Centers

hod ol ]

1901 1911 1921 1931 1941 1951 1961 1974 1981 1991

Census Years

Figure 1: Growth Trend of Urban Centers
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3. Study area

The study area for this study was Khulna City of

Bangladesh. Geographically, Khulna lies at 22° 49'north
latitude and 89° 34’east longitudes. Its mean elevation is 7
feet above Mean Sea Level (MSL). The area of Khulna City
is about 60 km” with population of 855,650. Khulna City has
not yet grown enough though it is a divisional head quarter.
But in the last few years its growth rate is noticeable.

Map 1: Study area

4. Objectives of this study
This research evaluates land use/cover changes and major
urban area/centers expansion in- Bangladesh using satellite
images data. Specific objectives of this research are--
1) To predict the wrban land use and land cover of
Bangladesh.
2) To compare the Major urban centers/area
expansion trend and rate.

5. Data & Methodology

This study used Landsat TM, ETM from 1990-2006 &
ASTER (VNIR) of 2006 and other ancillary data,
information from published unpublished document. Landsat
TM & ETM+ images were downloaded from Global Land
Cover Facility with University of Maryland in USA website.
Landsat images with band 1, 2, 3, 4, 5, 7 were used for this
study. For Training area selection, Google Earth and
photograph had been considered. For accuracy assessment,
reference maps (Survey of Bangladesh topo-sheets) as well
as local knowledge (Field survey) are used.

Table 1: Information of Landsat ETM+ images

Sensor Name | Path (p) & Row(r) | Accusation Date
ASTER VNIR ‘ 2006/02/28
Landsat TM p137:044 2006/12/05
Landsat TM p138r044 2004/11/04
Landsat ETM+ p1381044 2000/11/17
Landsat TM p1371044 1989/11/04

Methodology of this study is schematically shown in figure
2. Image Normalization, Filtering technique were applied for
improving data quality or removing different noises from
Landsat image. Supervised classification using maximum
likelihood decision rule applied for urban land cover
classification and accuracy assessment also perfonned and
preparation of final map. ‘

[ Landsat TM ] [ Landsat ETM] [ ASTER (VNIR) ]
|

Image pre-processing

.

Supervised classification

A

Post classification editing

H

Accuracy assessment

n

Urban land cover maps

:

Analysis of Urban trends

Figure 2: Flow of Methodology

6. Image classification

| Urban/Built-up area

[ JAgricutture

egetation

- Water body
_ Bare land

Map 2: Landsat TM of 1989 |
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[ Map 5: Landsat TM of 2006 ]

[ Map 6: ASTER (VNIR) of 2006 ]

7. Statistical analysis of Landsat TM 1989 & Landsat

ETM 2000
Landsat TM of Landsat ETM of
1989/11/04 2000/11/17 Types of land
Areain | %of | Areain | %of use/cover
km’ Area km’ | Area
14.592 | 30319 | 17.871 | 37.132 | Build-up area
13474 | 27996 | 14772 | 30.693 | Vegetation
9055 | 18814 | 2059 | 4278 | Agri.Land
6.597 | 13707 | 9.676 | 20.104 | Water body
4404 | 9.1505 | 3.750 | 7.791 Bare land
48.122 100 48.122 100 Total area

8. Statistical analysis of Landsat TM 2004 & 2006

Landsat TM of Landsat ETM of

2004/11/04 2006/12/05 Types of land
Areain | %of | Areain | %of use/cover
km’ Area km® | Area
19.723 | 40985 | 20934 | 43.501 | Build-up area
14450 | 30.027 | 13311 | 27.660 | Vegetation
36999 | 7688 | 3283 | 6822 | Agri.Land
7828 | 16266 | 6972 | 14488 | Water body
2417 | 5022 | 2702 | 5614 | Bareland
48122 | 100 | 48122 | 100 | Totalarea
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9. Statistical analysis of Landsat TM 2006 & ASTER

(VNIR) of 2006
Landsat TM of ASTER (VNIR)
2006/12/05 0f 2006/02/28 Types of land
Areain | %of | Areain | %of | use/cover
km Area km® Area
20934 | 43.501 | 21.789 | 45.278 | Build-up area
13311 | 27.660 | 12.252 | 25460 | Vegetation
3.283 6.822 4477 | 9303 | Agrn.Land
6972 | 14483 | 6.613 | 13.742 | Water body
2.702 5.614 2997 | 6227 Bare land
48.122 100 48.122 100 Total area

10. Accuracy assessment

Before accuracy assessment, the classified images were
checked visually and further ensured by Google earth and
then selected sampling points/pixels arbitrary by random
sampling method. This study considered (50x6) 300
sampling points as random basis for accuracy assessment.
After completing the accuracy assessment work a report has
been produced that contains error matrix, producers and
user’s accuracy, kappa statistics and overall accuracy are
shown in figure 3.

100 94
80
60
40
20+
0

85.6 84.34

% of Overall accuracy

ASTER (VNIR) Landsat TMof Landsat TM of Landsat ETM Landsat TM of
0f2006 2006 2004 0f 2000 1989 i

Overall accuracy B Overall Kappa statistics ‘ ‘

Figure 3: Overall accuracy and kappa statistics
The standard accuracy of 85-90% for LULC mapping
studies as recommended by Anderson et al. (1976).

11. Conclusions

This study has assessed urban LULC changes and the
dynamics of urban expansion in Khulna City, Bangladesh
using RS data. Urban expansion was quantified for the last
16 years using the post-classification comparison technique.
Khulna City was found to have experienced rapid changes in

. LULC, _particularly in urban/built-up areas. Analysis

revealed that urban areas increased by 3.279 km® during
19892000 and 1.852 km® from 2000 to 2004, and 1.211
km’ from 2004 to 2006, which resulted in a substantial
reduction in the area of water bodies, vegetation, agricultural

areas and bare land. The dramatic expansion of the urban
areas of Khulna City from1989-2000 exhibited clear
spatio-temporal differences. The conversion of water bodies,
vegetation and bare land areas to urban land has caused
extensive and varied environmental degradation in the study
area, and the vulnerability to flooding and the growth of
slums have been the main negative outcomes associated
with the rapid urban development.

The interpretation and classification of RS data were useful
for estimating the rate and spatial pattern of the urban
expansion in Khulna City of Bangladesh. As reliable and
current data are lacking for Bangladesh, the land use maps
produced in this study will contribute to both the
development of sustainable urban land use planning
decisions and also for forecasting possible future changes in
growth patterns.
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Abstract

Recent development technologies have demonstrated an increasing capability to estimate the spatial
distribution of surface fluxes for very large areas with remote sensing techniques. The current state of progress in
utilizing satellite-based remote sensing data to estimate various surface energy balance parameters. Remote
sensing reflectance and emittance data can be used to estimate parameters needed to characterize Rn, G, and H,
leaving LE to defined mathematically. In this research used Landsat ETM satellite data to extrapolate Surface
Energy Balance (SEB) estimates in the Indonesian big city (case study: Surabaya) and characterizing the
partitioning of fluxes among the different soil and lancover types found in the study area with tools ErMapper and
Arcview GIS. The general equation of SEB can be summarized as Rn= H + LE + G, (Rn is net radiation absorbed
at the surface, G the flux of heat into the soil, H and LE are the sensible and latent heat fluxes into the
atniosphere). The result is representation difference of energy balance components (Rn, G, H, and LE) in the land
cover types. Net radiation and latent heat fluxes (Rn and LE) in urban region less then in vegetation region and
water body. On the contrary, sensible heat flux and soil heat flux in urban land cover (open land, reseidence, and
industries) higher than vegetation area (plantation, forest, paddy field) and water body (water and embankment).
The proporsional of SEB components also determined in this paper.

Keywords : Surface Energy Balance, Land Use Land Cover, Remote Sensing

1. Introduction
' The absorbed energy is eventually reemitted as longwave

Shortwave radiation from the sun enters thé (or infrared) radiation, with 6% coming from the surface and

surface-atmosphere system of the Earth and is ultimately
returned to space as longwave radiation (because the Earth is
cooler than the sun). A basic necessity of this energy
interchange is that incoming solar insolation and outgoing
‘radiation be equal in quantity. Three main losses of solar
radiation back to space occur in the Earth's shortwave
radiation cascade. 4 units of sunlight are returned to space
from surface reflection. Cloud reflection returns another 20
units of solar radiation. Back scattering of sunlight returns 6
units to space. The total loss of shortwave radiation from
these processes is 30 units. The term used to describe the
combined effect of all of these shortwave losses is earth
albedo (Pidwirny 2004). ‘

Clouds, the atmosphere, and the Earth's surface reflect
about 30% of the incoming solar radiation back into space.
Therefore, the Earth's albedo is 0.30. The remaining 70% of
the radiation is absorbed or thermalized to heat the Farth's
surface; it evaporates water (latent heat), or causes
convection (sensible heat) (Figure 1).

64% from the clouds and atmosphere. This whole process is
known as the Earth's heat engine. The calculation or
measurement of the various paths for the radiation and
energy flows are the Farth's radiation and energy budgets,
respectively (Hoyt 1997).
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Fig 1. Global longwave radiation cascade
~ (Pidwimy 2004)
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Many controversies and ironies exist in the sun/climate
field. One additional irony worth mentioning is the claim by
Dove and Maury (oceanographers) in the last century that
the sun's radiant output remains constant and therefore plays
no role in climate change. Solar physicists have never been
highly confident about the sun's constancy, since the sun
shows some variability wherever it is observed (Hoyt 1977).
The net radiation balance at the earth’s surface determines
the amount of energy which can be transformed into the
remaining components of the energy balance, ie. the
sensible, the latent, and the soild heat flux (Kalthoff et al.
2006). Partitioning into these fluxes determines the local and
regional climate.

In this paper talk about advantage of surface energy
budget estimation from satellite data in the big city (case
study in Surabaya as capital of West Java province, as
improvement from recent result about evapotranspiration
estimation from satellite data (Tursilowati et al. 2009).

Figure 2 show the diurnal radiant temperature cycles for
surface materials in equatorial.

Fig 2. Diurnal radiant temperature cycles for seleted surface
materials.

In the figure 2 show that difference of diurnal radiant
temperature cycles in the surface material types. The radiant
temperature reach . maxmimum intensity after midday
(around 3 p.m.), the highest value of radiant temperature in
land type of Bare Soil Rock and concrete, afterwards
vegetation, water, moist bare soil and metal object. On the
equatorial crossing time Landsat (around 9:45 am) the
diurnal temperatur is starting reach.

2. Methods

2.1: Data

We use Landsat ETM satellite data (acquisition data : 23
August 2002) for principal data, and the other data are RBI
from Bakosurtanal, and observational data from BMG For
case study is in Surabaya city (capital of East
Java-Indonesia).

2.2. Methodology
The basic method use surface energy balance equation that
represent by equation 1:

Rn=1E+G+H (€]
Rn = radiation net, LE = latent heat flux, G =
and H = sensible heat flux.

soil heat flux,

Figure 3 represent methodology shceme for estimation of
surface enery balance and land cover classification from
Landsat satellite data. Land cover classification by using
unsupervised classification method.
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Methodology scheme for estimation SEB components
and land classification.

3. Result & analysis

3.1. Landcover

Land cover classification using unsupervised classification is
represented by figure 4.
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Fig 4. Land cover classification of Surabaya.

— 140 —



In the figure 4 show the land cover of Surabaya as 8 types,
there are water body, forest, industry, residence, plantation,
paddy field and embankment. The dominant land cover in
Surabaya is residence and industries (9083 ha and 8062 ha
respectively), then paddy field (5678 ha), embankment (3335
ha), open land (3196 ha), plantation (2338 ha), and water
body (122 ha).

3.2. Net radiation ,
Estimation of net radiation in Surabaya from Landsat satellite
data is represented by figure 5 as below: ’

Fig 5. Net radiation of Surabaya in watt/m’.

In the figure 5 show that the net radiation in residence area is
less than area that dominated by water or vegetation. Lowest
net radiation is in residence region, paddy field, and industry,
however highest net radiation in embankment and plantation.
The net radiation value in urban area, paddy field, and
industry are npot significantly difference, then it can be
concluded that net radiation in this land cover is similar. The
same case also was represented in embankment region and
plantation, that is not significant real.

3.3. Latent heat flux
Figure 6 represent spreading of latent heat flux (LE) that was
estimated from satellite data.

AKES daj H
PP

Fig 6. Latent heat flux (LE) of Surabaya in watt/m”.

In the figure 6 show that latent heat flux (LE) as energy for
evapotranspiration in water body and embankment are
higher than the other land cover types. The lowest value of
LE is in residence and industry (urban area). Land cover that
dominated by vegetation will have value between these two
land cover types (water area and urban area). LE is variate in
land cover types, in residence lower than the other land cover

types, and embankment have highest LE.

3.4. Soil heat flux
Spreading of soil heat flux (G) was represent by figure 7.
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Fig 7. Soil heat flux (G) of Surabaya in watt/m”.

In figure 7 show that soil heat flux in Surabaya.
Estimation of soil heat flux need surface temperature, albedo,
net radiation and NDVI. In this equation soil heat flux
proportional with surface temperature, can be estimate that
soil heat flux in urban area will be higher than in land cover
that dominated by water (wet area). Figure 7 also represent
soil heat flux in residence higher than the other land cover
types. Soil heat flux in embankment is lowest if we compare
with the other land cover types. Also the case for
embankment and plantation soil heat flux lower than the
other land cover types.

3.5. Sensible heat flux
The spasial of sensible heat flux spreading in Surabaya was
represented by figure 8.

g,

Fig 8. Sensible heat flux (H) of Surabaya in watt/m’.

In the figure 8 show that the spasial distribution of sensible
heat flux that represent of air temperature. The difference of
H in land cover residence in the urban and non urban area
especially in sunny day is very large. Otherwise for region
dominated by water, difference of H is very small, moreover
surface temperature in land cover dominated by water in the
morning and night will be less than air temperature. This
means that sensible hat flux in residence is larger then water
body i.e. embankment. Sensible heat flux in residence larger
than in embankment and wet paddy field. '
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3.5. Composition of surface energy balance in land cover
Bypes. ’

The composition of surface energy balance in land cover
types is represented by figure 9.

Industry

Residence

Fig 9 (a). Composition of Surface Energy Balance in Urban
area (residence and industry).

Plantation

(

Paddy field

Fig 9 (b). Composition of Surface Energy Balance in
vegetation area (plantation and paddy field).

Water body

Embankment s
7%

Fig 9 (¢). Composition of Surface Energy Balance in water
area (water body and embankment).

Figure 9 (a) show that net radiation in the surface of urban
region (residence and industry) dominantly by energy for
heating air (sensible heat flux/H) around 71% for residence
and 73% for industry, afterwards energy for
evapotranspiration (latent heat flux/LE) around 18%
residence and industry. The energy for heating soil is smallest
(11% for residence and 9% for industry). In urban area that
dry land cover, priority of net radiation is for heating air and
land surface, and the residu for evaporate water, this mean
that is why air temperature in urban area hotter (higher) than
non urban area.

Figure 9 (b) represent proportion of energy in vegetation area
(plantation and ~ paddy field. The energy for
evapotranspiration is highest (61% for plantation and 73%
for paddy field), then sensibel heat flux in plantation (31%)
and in paddy field (18%), soil heat flux in vegetation is the

smallest proportion (plantation 8% and paddy field 9%).

In the wet area (water body and embankment) that
represent in figure 9 (c) is contrary in urban area. Similar
with in vegetation area, the highest energy is energy for
evapotranspiration (LE water body 84% and embankment
83%), afterwards H in water (9%) and embankment (10),
and the samllest is energy for heating soil (G water body and
embankment same as 7%). The contrary proportion in the
urban air, in wet area net radiation was used for evaporate
more than fifty percent, then air tempearture in mid day
colder then air temperature in urban area.

Figure 9 (a) (b) and (c) could be explain by Fourier law
(Holman and White, 1992) whose found heat transfer
formulation through conduction per unit of land area as:

. i = — k£ )

A dx

g/A is surface heat flux through conduction per area (W m),
dT/dx is temperature gradient (K m?’) and k is heat
conductitity (wm™K"). Negative symbol represent direction
of heat moving from high temperature region to low
temperature region. k value for three land cover types are:
0.76 (urban area), 0.56 (water body), and 0.12 (vegetation
region), (Holman and White, 1992).
The same of temperature gradient for three land cover types,
g/A is defined by k (heat conductivity). In the result G value
for three land cover types are 10% (urban), 7% (water body),
and 8.5% (vegetation) respectively. However H and LE
depend on surface condition, in dry land (urban), LE very
small, then domination of net radiation of H as indicator of
air temperature in urban area high in the midday. In
vegetation area and water body, most of energy is used for
evaporation, then H smaller and air temperature in vegetation
area and water body in the midday smaller than nightime.

4. Summary

Classification of Surabaya land cover with unsupervised
classification method and overlay matrix show that land
cover significance change from vegetation region to non
vegetation region in city central.

Impact of land use land cover change in the big city
especially in Surabaya as a capital of province is change in
surface energy balance.

Base on difference energy balance, net radiation and
evapotranspiration in urban land cover smaller than
vegetation area or embankment. Otherwise, sensible heat
flux and soil heat flux in urban area larger than vegetation
area or embankment. Any changes in land use from
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vegetation area to urban area (non vegetation) will decrease
evapotranspiration and net radiation, and increase sensible
heat flux and soil heat flux.

Surface energy balance variable ie. Radiation net (Rn),
latent heat flux (LE), sensible heat flux (H) and soil heat flux
(€))
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Abstract

A global land cover project always costs a long time, and its accuracy is not so high (70%, or a little higher).
Until now, six global land cover projects have been produced: the University of Maryland global land cover
product (UMD), the International GeosphereBiosphere Programme Data and Information System Cover
(IGBP-DISCover), the MODerate resolution Imaging Spectrometer global land cover product (MODIS), the
Global Land Cover 2000 (GLC2000), Global Land Cover by National Mapping Organizations (GLCNMO), and
Global Land Cover Map for the year 2005-by ESA (GLOBCOVER). This study aimed to make the hierarchical
reliable area in global scale, by comparing these six existing global land cover maps. There are two main
problems that we have to deal with. First, the global cover maps with different resolutions. Actually,
GLOBCOVER with resolution of 300m, is different with others. Second, these global cover maps have different
legends. And, for comparing them, it is necessary to know the relationship between all the legends of each map.

Keywords :  global land cover, LCCS, relatively reliable area

1. Introduction

In 2008, two new global land cover maps had
become available: GLOBCOVER, and GLCNMO.
Until now, six global land cover projects have been
available (IGBP-DISCover, UMd, MODIS,
GLC2000). A global land cover project always costs
a long time, and its accuracy is not so high (70%, or a
little higher). For improve the accuracy, a lot of
~ devices have been done. For example, using different
classification methods, using multiple data sources
(special maps, Google Earth, and so on) to select the
training data, etc. As a new idea, this study is trying
to compare these existing global land cover maps.
Appropriately, we aim to make the relative reliable
area map. : '

2. Data :

We used six global land cover maps as follows.
IGBP-DISCover(v2.0): 1 km resolution global land
cover product, derived using the data from the
Advanced Very High Resolution Radiometer
(AVHRR) from 1992 to 1993, distinguished 17
classes , and produced by the U.S. Geological Survey
for the International Geosphere— ' Biosphere
Programme.

UMd: 1 km resolution global land cover product,
derived using the same data from AVHRR,
distinguished 14 classes, produced by the University of
Maryland.

- MODIS(V004): 1 km resolution global land cover
product, derived using 2001 data from Moderate
Resolution Imaging Spectrometer (MODIS), generated

by Boston University .
GLC2000(v1.1): 1 km resolution global land cover
product, derived  using  the data  from

SPOT-VEGETATION data from November 1999 to
December 2000, with 22 classes, implemented by The
Joint Research Center (JRC) of the European produced
by the Global Mapping Project of National Mapping
Organizations Commission (EC), and in partnership
with more than 30 partner institutions around the
world.

GLOBCOVER(v2.0): 300m resolution global land
cover product, derived using the data from an
automatic and regionally-tuned classification of a
MERIS FR time series from December 2004 to June
2006, with 22 classes, was an ESA initiative in
partnership with JRC, EEA, FAO, UNEP,
GOFC-GOLD and 1GBP.

GLCNMO: 1 km resolution global land cover product,
derived using 2003 data from MODIS, with 20
classes.

3. Problems

i) The six global cover maps with different
resolutions. Actually, GLOBCOVER with 300m
resolution, that is different with others. Second, these
maps have different classification systems (both the
number of classes and the definition of the classes are
different).

ii) More complex, the classification system. There’re
mainly two kinds of classifications: 1GBP

classification and LCCS (Land Cover Classification
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System, by by Food and Agriculture Organization
(FAO) and the United Nations Environment
Programme (UNEP)). In fact, The IGBP DISCover
classes are of the IGBP classification scheme. MODIS
primarily wused the IGBP classification system
(Loveland et al., 2000). And, the UMd classes largely
conform to the IGBP scheme (HANSEN, 2000).While,
the GLC-2000, GLOBCOVER, and GLCNMO used a
classification system based on LCCS.

4. Methodology

The GLOBCOVER has resolution of 300m. There’
re 129600 X 43200 pixels in the GLOBCOVER,
while other fives have 43200X21600 pixels. So, we
increase the number of pixels of five maps to three
times. In other words, we resampled five maps to
make 300m resolution. ’

Another problem, these maps have different
classification systems. The work of the LCCS
translation process has been done. In detail, use
LCCS software to translate the legends (see [1]).
However, the translation is not straightforward,
because that the definition of the class of IGBP is not
perfectly match with that of LCCS. Moreover, for
example, in GLCNMO, the class ‘Wetland’ (Lcc
formula: A1A20B1-R1 // A1A20B1-R2 // A2A20B4),
corresponds to both class ‘Closed to open (>15%)
herbaceous vegetation (grassland, savannas or
lichens/mosses)” (Lec formula: A2A20B4) and
‘Closed to open (>15%) grassland or woody
vegetation on regularly flooded or waterlogged soil -
Fresh, brackish or saline water’ (Lcc formula:
A4A20B3C1 // A4A20B3C2 // A2A20B4C3 //
A2A20B4C1 // A2A20B4C2 // A4A20B3C3), which
is in GLOBCOVER. So, we make the agreement with
that one class may corresponds two or more classes,
which in another map. And, comparative lists
between the six maps’ legends have been built (see
(2D i

According to the comparative lists, we make the
pixel-by-pixel comparison of six maps which are in
same size. Finally, a relative reliable area map was
completed (Fig. 1).

5. Conclusion

According to these hierarchical areas, both data
producer and users may use the relative ‘high reliable
area’ to select training data in future work, validation
data, etc; and pay more attention to ‘different area’. A
reclassification for a certain region or a special class

from analyzing the °‘different area’ will also be
considered.
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Abstract

The characteristics of backscattering coefficients (c°) observed by the Tropical Rainfall Measuring Mission
(TRMM) / Precipitation Radar (PR) were investigated for different vegetation covers; evergreen broadleaf forests
(ebf), woody savannas, savannas, open shrublands, and grasslands in Africa. For ebf, o° decreases rapidly from
nadir to 3°, then the rest of the angles are constant. On the other hand, o° gradually decreases from nadir to 17°
for savannas, open shrublands, and grasslands. For woody savannas, o° value for each angle bin in the dry
season is similar to that for savannas, but the characteristics of o° in the rainy season is similar to that for ebf.
The maximum monthly mean precipitation corresponds to that of o° at nadir and 17° for grasslands and savannas.

For grasslands, ¢’ at 3° does not increase that is likely to be saturated from the dry season to the rainy season

when Leaf Are Index (LAI) is more than 0.5.
precipitation for ebf where LAI is more than 3.

Seasonal variations of ¢° do not clearly correspond to that of
It implies that QO at 3° is susceptible to vegetation canopy. It

suggests that the combination of 3° and 17° of o° enable to classify vegetation land covers.

Keywords :
variation

1. Introduction

Satellite microwave remote sensing has attracted a lot of
attention as one of methods for collecting global information
on land surface. The Tropical Rainfall Measuring Mission
(TRMM) has on board Precipitation Radar (PR) that is the
first spaceborne rain radar. The TRMM PR observes
backscattering not only from rain particles but also from
surface to estimate path integrated attenuation (PIA) by a
surface reference technique (SRT)”.  Thus, it is possible to
monitor land surface from surface backscattering coefficient
(6 by PR.  Some previous studies applied' TRMM PR
signals for monitoring land surfaces. Seto et al 2
investigated characteristics of ° by TRMM PR as a basic of
soil moisture estimation. Hirabayashi et al. ¥ produced a
land cover map from o’ observed by TRMM PR.  Satake
and Hanado®” showed a diumnal variation in o° over the
Amazon rain forest, and they concluded that the increase of
6" in the early morning is probably caused by dewdrops on
leaves. The characteristics of o over vegetation land
covers are however still far from fully understood. The
objective of this study is to reveal the characteristics of d
over different vegetation land covers.

TRMMY/PR, backscattering coefficients, vegetation land covers, incident angle dependency, seasonal

2. Data
2.1 TRMM/PR

The TRMM PR employs 13.8 GHz (Ku band) microwave
with Horizontal transmit-Horizontal receive polarization®.
The PR antenna beam scans in the cross-track direction over
+17° that has 220 km swath width. The antenna width of
the PR is 0.71° and there are 49 observation angle bins
within the scanning angle of +17° (e.g., the angle bins 1, 25,
and 49 correspond to -17°, 0°, and +17°, respectively). The
horizontal resolution (footprint size) is 4.3 km at nadir and
about 5 km at the scan edge in initial orbit altitude (350 km). -

In this study, o° from 2A25 standard product (Ver. 6) were
used. In addition, ¢° under no rain were used if rain flag-
from 2A23 standard product (Ver. 6) shows “no rain” or
“rain possible”. The analyzed periods were from 1998 to
2007.

2.2 Precipitation and Leaf Area Index (LAI)

Precipitation data from 3B43 product® (monthly 0.25°
merged TRMM and other satellites estimation) were used.
The Moderate Resolution Imaging Spectroradiometer
(MODIS) LAI product (MOD15A2; Version 5)” were used.
The LAI in MODI15A2 is defined as one sided green leaf
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area per area (unitt m“m®). The product is 8-days
composite with 1 km resolution. The data were converted
from 1 km to 0.25° grid to set the same resolution of the
precipitation data.

2.3 Land Cover (IGBPEcoMap)

The One-Minute Land Ecosystemn Classification Product
is a global (static map) data set provided by the International
Geosphere-Biosphere  Programme (IGBP) with an
equal-angle rectangular grid at 1-minute resolution.
IGBPEcoMap classifies land covers into 17 categories.
The targets in this study are evergreen broadleaf forest (ebf),
woody savannas, savannas, open shrublands, and grasslands
inAfrica. The 5-biomes Africa map is shown in Fig. 1.

2.4 Uniformo” .

Previous study4) pointed out that ¢° mixed both forest and
river in the Instantaneous Field Of View (IFOV) of PR is
higher than o’ that in just forest area. In order to obtain
pure o° of land covers such as ebf and grasslands, mixed
areas in land covers using IGBPEcoMap in 5 x 5 pixels
(about 5 km x 5 km) was excluded

RN EREE
ehf

wo0dy savannas
savannas

| open shrublands ™t
L grasslands |

t
340° 350° O©°

-15°
-20°
-25°

i

T N 1
10° 20° 30° 40" 50° 60°

Fig. 1. 0.25° grid 5-biomes map used by IGBPEcoMap.
White pixels display other fand covers such as barren and
water,

3. Results and Discussion
3.1 Incident Angle Dependency of ¢° and Seasonal
Variations

In order to compare the differences in surface conditions
between in the wet and dry seasons, o’ every incident angles
are investigated. Seasonal variations of ¢ for different
incident angles are also compared to those in precipitation
and LAI for 3 vegetation land covers.
3.1.1 ebf (0-5°S, 20-25°E) ;

o’ rapidly decreases from nadir to 3°, then is almost

constant (about -2 dB) regardless of the seasons (Fig. 2. (a)).
The seasonal variation of o” for all angles is very small (Fig,
2. (b)). o does not have clear relation both precipitation
and LAL
3.1.2 grasslands (10-15°N, 5-15°E)

o’ in dry-month decreases from nadir to 5°, and is almost

‘constant from 7° to 10°, then decreases to 17° (Fig. 3. (a)).

In contrast, ¢° in rainy month gradually decreases from nadir
to 17°. " at nadir in grasslands is higher than that in ebf,
but 6” at more than 10° in grasslands is lower than that in ebf.

The phase at seasonal variation of o at nadir and 17° is
similar to that of precipitation (Fig. 3. (b)). The higher
precipitation, the higher soil moisture. This implies that ¢°
is affected by soil moisture depends on precipitation. On
the other hand, the month of maximum o° at 3° does not
correspond to that of precipitation, when LAI is more than
05. Tt implies that o° at 3° is susceptible to vegetation
canopy. In addition, the seasonal variation of ” at 12° is
very small.

3.1.3 woody savannas (5-10°S, 20-25°E)

There is the largest difference between o° at more than 10°
in the rainy month and those in the dry month in the other
vegetation covers (Fig. 4. (a)). The incident angle
dependency of ¢’ in the dry month is’ similar to that for
savannas (not shown), but that in the rainy month is similar
to that for ebf. Comparing to savannas, land surface in
woody savannas in the rainy season are covered by leaves of
forests and grass. It shows land surface in the rainy month
became rough. There is not clear relation between o° at
nadir and both precipitation and LAI (Fig. 4. (b)). However,
the seasonal variation of o® at 17° corresponds  to
precipitation. Tt implies that o° is affected by soil moisture.

3.2 Cluster Analysis

Figure 5 shows a scatter diagram (feature space) between
annual mean ¢° at 3° and annual mean o’ at 17° and the
distribution in Africa after the k-means cluster analysis.
The dynamic range of o’ at 3° is larger than that of ¢° at 17°,
but the most of data of ¢° at 3° distributes from -2 to 2 dB.
As a result, ebfs such as Congo, the West Aftica coast, and
Madagascar are classified in class 4 (o° at 3° is low and o° at
17°is high). The west sides in Sahel (11-13°N, 5-10°E) are
classified in class 3. In contrast, the east sides in Sahel
(12-14°N, 15-20°E) are classified in class 2. 6" at 17° in the
west sides is higher than that in the east sides (not shown).
In addition, precipitation in the west sides is higher than that
in the east sides (not shown). It implies that soil moisture in
the west sides is higher than that in the east sides.
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Fig. 5. Classification results using annual mean o° at 3° and 17°. () feature space (the abscissa is o” at 3°, the ordinate is

6" at 17°)), and (b) Classification map by k-mean method, k=5.

4. Conclusions

The incident angle dependency of o® for Woody
savannas in the dry month is similar to that for savannas,
but that in the rainy month is similar to that for ebf. The
month of maximum o at nadir and 17° corresponds to
that of precipitation. It implies that ¢° is affected by soil
moisture.  On the other hand, the month of maximum *
at 3° does not correspond to that of precipitation. It
implies that o at 3° is susceptible to vegetation canopy.
It suggests that the combination of 3° and 17° of ¢° enable
 to classify vegetation land covers.
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Abstract

Accurate identification of cropland from natural vegetated cover is important task in semi-arid area, however

the identification of cropland from natural vegetated area is not easy because of their similar characteristics.

This research tried to examine the potential of the MODIS 16-day composite 250 m time-series data
(MOD13Q1) to dryland cropping phenology and discriminate the cropland from natural vegetated area throughout
the northern part of Asia. Phenology based NDVI results indicate that the consequence of MODIS images have

high potential for large scale monitoring.

Keywords : cropland, semi-arid area, cropping phenology, MODIS data

1. Introduction

" Identification of cropland distribution from natural
vegetated cover is important task to agricultural management,
‘land degradation therefore to making social and economic
decisions. But in semi-arid area, the identification of cropland
from natural vegetated area is not easy because of their
similar characteristics in the growing season. Past large scale
mapping efforts have developed mostly at low spatial
resolution and have low accuracy in some similar classes.
The
methodology is challenging because it requires remotely
sensed data that have large geographic coverage, high
temporal resolution, adequate spatial resolution relative to the

development of a large-scale crop mapping

typical field size, and minimal cost.

Recent studies have indicated that the time series MODIS
NDVI data has high potential for mapping crops and
estimation of seasonal biophysical changes of vegetation at a
moderate spatial resolution and high temporal resolution
attributes that corresponding to relatively homogeneous land
cover types and major phonological events.

This study aims to evaluate the ability to discriminate the
cropland from natural. vegetated area based on their growth
phenological information with MODIS NDVI data.

2. Study area ‘

The study area covers northemn part of Asia for 40N to
60N at latitude, 62d15E to 141d35E at longitude. It
incorporates full territory of Mongolia and some parts of few

countries such as: Russia, Kazakhstan, China, and North
Korea. The geographic location and climate variables
throughout the study site show large variance.

Climatically this region belongs from continental
temperate zone to arid and semiarid zone that characterized
by cold winter and hot summers have large daily and
seasonal temperature ranges. Amount of rainfall is also
different in each zone. Major land cover types are forest,
cropland, urban, water, steppe, sparse vegetated and desert.
Growing season lasts from May until September. Cropping
systems are mostly characterized as rain-fed cultivation,
single crop per year that cultivating wheat, barley, cotton,
vegetables, fodder and rice.

3. Data description and preprocessing
3.1. MODIS NDVI images

For this study, we selected multi-temporal images from
NAS Terra/MODIS (AM-1) satellite. MODIS images are
acquired from Land Processes Distributed Active Archive
Center (LP DAAC) located at the USGS Earth Resources
Observation and Science (EROS) Center at free of charge.
Acquired MODIS data (MOD13Q1) are validated at stage 2
and it covers 12 tiles for h21v03, h27-v04, and h22 to h26,
v03 to v04. The tiles are mosaicked and resampled from
integerized sinusoidal grid projection (SIN) to geographic
projection using nearest neighbor method.

Quality analysis (QA) data included in the VI product
indicate the quality of the input data. In a first step, we used
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this data to identify less clouded or snow covered periods by
visual and statistical examinations. Most area is covered by
snow in winter season, thus this study selected the images of
May to October. Cloud covered area masked out in selected
periods. Noise and poor quality pixels that are determined by
quality information and not detected anomalous high and
low values are smoothed using median filter algorithm.

3.2. MODIS land water mask
Newly released MODIS 250 m land-water mask
(MOD44W) data used to extract water area.

3.3. Landsat images and existing maps

Landsat ETM+ images acquired from the EROS Data
Center’s Global Land Cover Facility and cropland maps
at a country and regional level are used as the reference
for identifying training sites for each class. Global land
cover maps of IGBP DIScover, Boston University and
university of Maryland are used to extract training area
for natural vegetated classes.

4. Methodology

Training data is divided into two main groups: cropland
and non-cropland. For cropland area, existing maps of
country and regional level and 30 m resolution LANDSAT
ETM+ images are used. After identification of cropland on
the existing maps, 30 m LANDSAT ETM+ images
downloaded and used to draw polygons. For collection of
non-cropland area, filtered MODIS NDVI and global scale
existing maps are used. Composite images of NDVI from
May to October are classified using K-means clustering
method and divided it into 50 classes. Extracted classes are
grouped into two classes of forest and natural vegetated class
using common area of above three global maps. All training
data for cropland and non-cropland are then divided more
classes based on their NDVI profiles.

Water is masked out using MODIS mask image while
bare land is eliminated using MODIS NDVI images with
thresholds lower than 0.3 for whole period.

5. Analysis

Seasonal profiles of NDVT in selected classes give more
detailed information. Training area of all cropland is finally
grouped into seven types based on their temporal profiles.
For forest cover, 25 types are distinguished, while non-forest
and natural vegetated classes grouped into 79 types.

Using multi-temporal profile of NDVI, we identified the
important phenological parameters such as start of greenness,

end of greenness and length of growing season to
differentiate the selected classes. o

Forest covers have distinct characteristics compare to other
classes that greenness start from April, end September to
October and growing season continues 4.5 - 6 months.

Natural vegetated classes have large variation in these
parameters and show very similar sign with cropland.
Vegetation greenness starts from April-May and ends in
August-September and continues 3-6 months. Main
difference of these two classes was length of the growing
season. The cropland is plowed for planting in the last week
of May and it greens up later than natural vegetated area and
have 34 months length.

6. Results and conclusions

In this study, we attempt to differentiate rain-fed cropland
and natural vegetated classes at phenological growth stages
using spectral characteristic information extracted from
remote sensing based variables. A time-series profile of
NDVI is a good reflector to vegetation growing regularity.
Phenology based results indicate that the consequence
MODIS images have potential for large scale monitoring
over short growing season.
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Abstract

Skylight spectra reflect optical properties of aerosols as well as those of molecular species, and these

properties can be retrieved by comparing observed and simulated spectra. Using the scheme of multi-axis
differential optical absorption spectroscopy (MAX-DOAS), we can obtain skylight spectra using compact

spectroradiometers. The data are analyzed by means of our recent method based on calculation with the radiative
transfer code MODTRANA4. In this report, we describe a method to calculate effects of aerosols and molecular
absorption using MODTRAN4 and its application to analyze spectral data obtained from MAX-DOAS

measurements.

Keywords : skylight, radiation transfer, acrosol extinction, molecular absorption

1. Introduction
Tropospheric aerosols have significant influence on the
Earth’s radiation budget both directly and indirectly [1]. In
_urban areas, aerosols in the atmospheric boundary layer
occasionally cause health problems. Remote sensing data
obtained from satellites are often subject to uncertainties of
atmospheric conditions. It is important to measure the
characteristics of tropospheric aerosols globally all the time,
since they show significant variations both spatially and
temporally. Direct solar radiation (DSR) as well as scattered
solar radiation (SSR) reflect optical properties of molecules
and aerosols, and they have been widely measured with
instruments such as sunphotometers and skyradiometers
[2,3]. Recently, we have developed a method for
characterizing atmospheric properties using a compact,
stand-alone spectroradiometer [4]. In this report, first we give
a brief description of the method, and then, apply the method
to analyze the data obtained by the multi-axis differential
optical absorption (MAX-DOAS) schemes.

2. Methods

A portable spectroradiometer (EKO, MS-720) is used to
measure the spectra of solar radiation. This instrument is
capable of measuring both DSR and SSR in the wavelength

range 0f 350 - 1050 nm. We also measure the aureole (AUR),

the scattered light just around the sun. This AUR component
is useful for the aerosol optical characterization, since it
reinforces information on the forward scattering.
Home-made baffle tubes are used to limit the field of view
(FOV) of the instrument: 5 deg for DSR, 20 deg for SSR,
and between 5-20 deg for aureole.

Measured spectra are reproduced by the radiative transfer

code MODTRAN4 [5]. Since often small intensity changes
due to aerosol extinction have to be measured with high
accuracy, we make corrections for the characteristics of the
instrument such as spectral sensitivity, temperature
dependence, and optical resolution. Non-uniformity of the
SSR and background light of the DSR inside the FOV are
also corrected.

Input parameters for the simulation are modified
iteratively so that simulated spectra match well with the
measured spectra. The aerosol parameters that should be
optimized through the fitting are (i) the aerosol optical depth
(AOD) 15 at wavelength 550 nm, (i) wavelength
dependence of the aerosol extinction coefficient oA
(normalized against the value at 550 nm), (iii) wavelength
dependence of the aerosol scattering coefficient o {4)
(normalized against the extinction coefficient at 550 nm), and
(iv) the phase function {4, ) as a function of wavelength A
and scattering angle .

It is unacceptable to have too many or too few
parameters for optimizing the matching result. After some
trial and improvement, we have decided to introduce the
three component aerosol model (TCAM), which is
composed of 3 types of aerosol species, each having its own
complex refractive index dependent on wavelength and its
own mono-modal lognormal size distribution. The three
species correspond to water soluble (component 1), sea salt
(component 2), and soot (component 3) aerosol types,
chosen from the aerosol database compiled by Levoni et al.
[6]. Although the actual aerosol mixture is usually more
complex, TCAM forms a “quasi-complete” basis for aerosol
parameterization, in that optical parameters of most aerosols
can be reproduced by linear combinations of the basis. Figure
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1 (a-b) show the real and imaginary parts of the refractive
index of the three basic components, and (c-¢) show the
possible range of optical parameters covered by the TCAM
parameterization. Optical parameters of each component
are calculated with the Mie-scattering code developed by
Wiscombe [7], with the assumption of spherical shapes.
Alternatively, they are calculated assuming randomly
~oriented spheroids with a fixed aspect ratio using the code
developed by Dubovik et al. [8]. Optical parameters of the
total mixture are calculated assuming external mixing,
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Fig. 1 Aerosol models assumed in the scheme of
three-component aerosol model (TCAM). (a) Real part and
(b) imaginary part of the complex refractive index as a
function of wavelength; component 1 (water soluble, solid
line), component 2 (oceanic, dotted line), and component 3
(soot, broken line). (c-e) Possible range of aerosol optical
parameters calculated from each component of TCAM
(gray area: component 1, 45¢ lines: component 2, 135¢ lines:
component 3) assuming that the particle size changes
between 10> and 10™° pum: (¢) extinction coefficient
normalized at 550 nm, (d) single scattering albedo, and (e)

asymmetry parameter.

Water vapor exhibits absorption bands with significant
intensity in the measurement range of the spectroradiometer.
Figure 2 shows an example of measured and simulated DSR
spectra around 725 nm. In the simulation, water vapor
column amount can be adjusted by modifying the water scale
factor (WSF) S, to scale the default column amount
(292231 g/em’® for the mid-latitude summer model, and
0.85170 g/em” for the mid-latitude winter model). The value
of Sw can be optimized by fitting simulated DSR spectra

Fig. 3 Spectral matching for the spectra observed at 12:30
on December 30, 2008: (a) DSR, (b) SSR, and (c) AUR. The
channels marked with circles were used for the analysis.

Extinction Coefficlent

L 2 L 1 L )
0.75
500 600 700 800 900 500 600

0
‘Wavelength (nm) Wavelength (nm)

(&) (b)

Asymmetry Parameter

Phase Function at $50 nm

1 1 . i 1 - 1 1
500 600 700 800 90 - 50 100
Wavelength {nm) Seattering Angle (degree)

(o) (d

150

3

Fig. 4 Aerosol optical parameters derived from the DSR,

" SSR, and AUR observations on December 30, 2008: (a)

extinction coefficient normalized at 550 nm, (b) single
scattering albedo, (c) asymmetry parameter, and (d) phase
function at 550 nm. Meteorological data at the observation
site were: temperature 13.7 °C, relative humidity 47 %,
pressure 1002.6 hPa, and wind speed 1.3 m/s.
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to the measured ones. Prior to the fitting, simulated spectra
are scaled to match with the measured ones at both ends of
the absorption band. In this process, differences of the linear
slopes due to, for example, disagreement of the aerosol
model are removed. Note that optical resolution of the
spectroradiometer must be correctly incorporated .

We applied the spectral matching method using the
TCAM to the data taken at the Center for Environmental

Remote Sensing (CEReS, 35.62° N, 140.10° E), Chiba

University from 12:25 to 12:58 JST on December‘30, 2008.
Figure 3 shows the spectral matching between the observed
and simulated spectra. We measured the aerosol optical depth
(AOD) and water vapor column amount to be 0.190 £ 0.001,
0.80 = 0.02 g/m?, respectively.

3. Application to MAX-DOAS data

In the scheme of MAX-DOAS, we obtain skylight
spectra from which we can retrieve column amount of
molecules just like the way we retrieve water vapor column
amount from DSR spectrum. Figure 5 shows the instrument
developed for the MAX-DOAS measurement. Figure 6
shows an example spectrum taken at the CEReS site on May
5, 2009 (zenith/azimuth angle of the sun and that of the line
of sight were 427195  and 327190°, respectively). Three
spectroradiometers (Ocean Optics, USB2000: 280 - 740 nm,
Ocean Optics, HR2000: 720 - 1080 nm, Hamamatsu,

R

Fig. 5 MAX-DOAS instrument looking toward the sky.
Incident lights are taken from the baffle tubes and
transferred into the spectroradiometers through the optical
fibers.
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Fig. 6 Hyper-spectral measurement of scattered solar

Spectral radiance (mW/m>/sr/nm)

* radiation using 3 spectroradiometers (USB2000, HR2000,

and C9914GB) at 12:30 on May 5, 2009.

C9914GB: 1080 - 2100 nm) were used to obtain continuous
spectra from 280 to 2100 nm. Optical resolutions of
USB2000 and HR2000 are about 1 nm (FWHM), while that
of the near-infrared (NIR) spectrometer (C9914GB) is about
8 nm. They are sensitive enough to get sufficient amount of
light within 1 s exposure duration.

In this case, the spectrum to be simulated is not DSR but
SSR, and it takes longer calculation time than DSR. If the
‘DISORT algorithm [9] is used to evaluate multiple scattering
contributions in the fitting procedure, it would take too much
time. Fortunately, since simulated spectra are scaled to match
with the measured spectrum at the ends of the absorption
band, we can use a faster algorithm, i.c., Isaacs algorithm
[10], without any significant errors. As is the case for DSR,
the optical resolution should be matched between the two
spectra before the comparison is carried out.

We retrieved column amount of H,O, O;, CO,, and CH,
from the spectra as shown in Fig. 6. The results of spectrum
matching for these molecules are shown in Figures 7-10,
respectively. We obtained column amount as follows. H;O:
045+4X10° glem?, Ox: 3893 X 10% DU, CO,: 3316
X 102 ppm, CHy: 198X 107 atm - cm. Here the error
values are fitting errors only, and other systematic errors are
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Fig. 10 Spectrum matching at the CH, absorption band
around 1667 nm. Optical resolution of simulated spectrum
is degraded to 8 nm.

not included. Obviously, the obtained value of CO, is too
small. This is due to the lack of precise calibration of the NIR
spectrometer at the present situation; besides, systematic
errors cannot be avoided in the readings. Since strong signals
are observed for the molecular species investigated here, it is
expected that reliable values of column amounts can be
retrieved after suitable calibration procedure.

4. Conclusion , »
‘We have explained the method to retrieve optical
parameters of aerosols from sky-radiance measurements

using radiative simulation code MODTRAN4. Similar
method is applicable to retrieve column amount of
atmospheric constituents from skylight spectra obtained in
the scheme of MAX-DOAS measurement. We demonstrated
the feasibility of retrieving column amount of H,O, Os, COz,
and CH; from a continuous skylight spectrum between 280
and 2100 nm.
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Abstract

This study presents a de tailed analysis based on d igital pro cess of o ptical La ndsat E nhanced Th ematic
Mapper Plus (ETM+) and radar (C-band Synthetic Aperture Radar (ERS-2 SAR)) remote sensing data, and digital
elevation model (D EM) ex tracted from top ographic maps (1:50,000) to eval uate their efficiency for geol ogical
mapping in the Jifara Plain of northwest Libya. Lithological and structural units were distinguishable based on
their topographic form and spectral properties. GIS and remote sensing-based methods were used to integrate all
raster a nd v ector resul ts extracted from multiple g eoscientific data ty pes. T he results d iscriminated e ighteen
lithological units were p lotted in the geological map defined by the new b oundaries. The d ominant e xtracted
lineaments tend to run in the NW-SE direction. Analysis and interpretation of the extracted lineaments provided
information about the tectonic evolution of the study area. Field work was done for ground-based verification of

remote sensing data.

Keywords : ETM+, DEM, ERS-2 SAR, Image processing, Geological mapping

1. Introduction ]

The sensorso f remote sensingsa tellites ca nim age
geological f eatures based ont heirs patiala nd spectral
resolution (Masoud and Koike, 2006 ; Yanget al, 2007;
Saadiand Watanabe, 2008). Several anal ysis and i mage
processes w ere im plemented in this s tudy to enhance the
visuali nterpretation anddi scriminationofd  ifferent
lithological units and the extraction of geological lineaments
in the Jifara Plain of northwest Libya. The Jifara Plain has
been the subject of numerous geological studies by different
geologists in the 19 40s, 1960s, and 1970s (Lipparini, 1940,
Jordiand Lonfat, 1 963; Christie, 1966 ; E1Hi nnawy and
Cheshitev, 1975; Antonovic, 1977).

In this study, an attempt has been made to use diverse data
sets such as Landsat ETM+ image, ERS-2 SAR, and DEM
data fo r fu rther geol ogical investigations. Re mote sen sing
data processing and interpretation was applied in this study in
three phases. During the first phase, distinguishing the spatial
distribution ofb asalt flows, b asalt cones andpho nolite
" intrusions by integrating ETM+ thermal in frared (TIR ) and
visible-near infrared (VNIR) bands and ERS-2 SAR C-band
(Leech et al., 2003; Cengiz et al., 2006; Pereira et al., 20 08).
The Intensity-Hue-Saturation (IHS) transformation was used
to fuse the optical and radar data (Mather, 2004). Basically,
data fu sion techniq uesusedto  improve the sp atial and
spectral resolution o f remote sensing da tab y co mbining
multi-satellite i mages (Jensen, 1996; Solberg, 2 006). In the
second phase, a series of landform interpretation experiments
was conducted on the ETM+ images by using different False

Color C omposites (F CC)( Gibsonan dPo wer,2 000;
Hoffman and M arkman, 2 001) and Principal Component
Analysis (PCA) (Chen , 2006) fo r fu rther litho logical unit s
recognition. Inthe  third phase, ext racting and m apping
geological li neamentsu singDEM dataext racted from
topographic maps (1:5 0,000). The DEM  were used to
overcome the obscuring effects of ar tificial features in order
to ex tract geo logical 1 ineaments (Gloaguen etal,, 2007
Demirkesen, 2008). Cal culating andint erpreting DEM

derivatives including shaded relief maps and slope maps. The

‘manual extraction criteria for the lineaments were based on

photographic ch  aracteristics, includi ngshap eand
geomorphologic features.

Field wo tk wasdone to confirmt he remo te sensing
implications byi dentifying lithological boun daries and
determining t he a rtificial lines, whichc ould eventually
generate edges on the remote sensing data.

Theresu lts discriminatedei ghteenrockun its and
sediments. These units were identified and plotted in the new
geological map d efined by new boundaries. M ore than six
hundred g eological 1 ineaments were di scriminated in the
study a rea. The seg regationo f extracted lineaments in to
groups basedo n theag eof theg eological formations
provided information about the tectonic structure of the study
area.

2. Geological Setting
The study ar ea liesinthe northwestern partofL ibya,
bounded by longitudes 12 °10" Eto 13 °55' E and latit udes
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31°50" Nt o3 2°55' N. Itcov ersa surfacea reaof
approximately 20000 km?2. It can be distinguished into three
main Geomorphological units. These units are known as the
Jifara Plain, the Scarp, and the Plateau. The Ji fara Plain is
bounded from the north by the Mediterranean Sea and from
thes outhby thes carpof Jabal N afusah (C onanta nd
Goudarzi, 1967). The Jabal N afusah runs approximately in
an east-west direction fro mt he Medi terranean Sea and
westwards to b eyond th e Libyan bo rder. It overlooks th e
Jifara Plain and rises above sea level for an elevation ranges
from 500 to 700 meters (El Hinnawy and Cheshitev, 1975).
The Plateau is a Questa made mainly of har d and resistant
dolomitic limestone of Upper Cretaceous age. The sout heast
areais covered by basalt sh ects with scat tered bla ck hills
made of phonolite and basalt (Antonovic, 1977; Zivanovic,
1977). ;

The study area contains exposures of s edimentary ro cks
ranging in age from Triassic to Quatemary. The study area is
characterized by upl ifts, sub sidences and block fau lting
(Miller, 1971; El Hinnawy and Cheshitev, 1975; Saadi et al.,
2009). :

3. Data Processing

The south region of the study area covered by basalt sheets
with scattered black hills made of phonolite and basalt. The
ETM+ TIR band was tested to discriminate multi vo lcanic
rocks on thebasisof an expected di fference in emissivity
with VNIR  band-ratio (NIR/G ) becau se of their hig her
spatial re solutionand ER S-2 Cban d for d iscriminating
different v olcanic rockson theb asiso f their surface
roughness. For fusing images, the [HS-RGB transformation
was used to display spectral variations in a single RGB color
combination image. The hue defines the color based on the
dominant wavelength; the saturation defines the purity of the
color; th e i ntensity d efines th e b rightness (Mather, 2004).
Hence, the multi-spectral i nformation in the ETM + data is
used to define the hue and saturation while the radar data are
used to define the intensity (Fig. 1).

Several false color composite (FCC) images using Landsat
ETM+ were c reated to im prove the vi sual interpretation.
These band com binations in cluded RGB-742 , RGB-23 4,
RGB-456, RGB-467, and RGB-367 . The optimum i ndex
factor (OIF) m ethod (Chavezet al., 1982 ) wasu sedto
calculate the variance o fdi fferentband combinations. The
VNIR bandshav e theadv antageo f preserving
morphological fea tures and displaying different lithological
units in vivid different colors. Mid infrared band can be used
to distinguish clay un its because ¢l ay minerals hav ea

significant absorption feature within this band (Sabins, 1997).
Near i nfrared ba nd is ef fectivei n mapping iron o xides
because these minerals have high reflectance within this band
(Abdelsalam etal .2 000). Theban ds MIR-NIR-G are
effective in geological m apping in arid re gions because of
lack of vegetation (Fig. 2). Additionally, the first three PCA
of ETM+ band-combinations wereus edto sh owth e

lithological units with vivid colors.
1336 FE40 13,50

Fig. 1. Partial frame of RGB-IHS

1325 1335

Fig. 2. Partial frame of FCC MIR-NIR-G

DEM constructed from topographic contour maps (1:50,000)
(S.PL.AJ.,1979). The contour interval o f'the top ographic
maps was 20 m, wi th sup plementary contoursat 10 m

intervals. The produced DEM has a horizontal resolution of
20 m and a vertical resolution of 5 m. DEM data have been
used to d etect and map geological lineaments by calculating
and i nterpreting DEM deri vatives, including sh aded rel ief
mapsan dslop em aps.Inshad edreli efm aps, we

experimented with the evaluation ofan  incoming
illumination that is perpendicular to the prevailing trend o f
lineaments in the study area. According to the old geologic
map of the study area, the prevailing lineaments trend in the

NW-SE directions (LR.C.,1975). Therefore, low incoming
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solarr adiation from th e NE- NNE w ast ested to m itigate
azimuth-biasing effects and enhance the visual detection of
linear features in the dominant trend. A low sun-clevation
angle (20°t030°) wasused for lineament de tection in all
directions (Fig. 3). Slope map was created using a quadratic
fitted to a 3x3 kemel. The output image contains slope values
that range from 0° (flat terrain) to 90° (vertical terrain) (Fig.
4). T opographic lin eaments can be di stinguished b y their
elevation difference fro mthesu mounding terrain. These
elevation changes can be represented as changes in colors in
the slope map.

13,36 . 1345

Fig. 4. Partial frame slope map

4. Results and Discussion

The general results indicate that ETM+, ERS-2, and DEM
- dataare able to discriminate different rock units and extract
geological lin eamentsinthe Ji fara Pla in. The foll owing
eighteen rock and sediments units were identified and plotted

on the new lithological map (Fig.5).
1- Al Aziziyah F ormation: T his unit consists mainly of
bedded li mestone characterized by its dark grey color.

This formation was recognized using FCC image RGB-
MR, NIR, and G

2- Abu Shaybah Formation: This unit consists of sandstone
alternating wi th layers ofcla ysand sc attered li mey
bands. This f ormation w asre cognized using f used
image RGB- TIR, VNIR; and ERS-2 C band.

3-  Abu Ghaylan Fo rmation: This u nit con sists mainly o f
limestone. This fo rmation was reco gnized using FCC
image RGB- NIR, TIR, and MIR. -

4- Bir al Ghanam Formation: This unit consists mainly of
white to grey system. Thi s fo rmation wa s re cognized
using fused image RG B- TIR, VNIR, and ERS-2 C
band.

5-  Takbal Formation: This unit consists of li mestone with

~ clayey and m arly i ntercalations. This f ormation w as

recognized using FC C image RG B-NIR , TIR ,a nd
MIR.

6- Sidi as Sid Formation: This unit consists of limestone
and m arl. Thi s fo rmation was recogni zed using FCC
image RGB- NIR/G MIR and TIR.

7- Nalut Formation: This u nit ¢ onsists of lim estone and
dolomitic limestone. Thi s fo rmation was recogni zed
using FCC image RGB- NIR/G MIR and TIR.

8- Qasr T igrinnah Formation: Th isuni t consists ofa
succession of s oft marls and white to rosy lim estone.
This formation was recognized using FCC image RGB-
MIR, NIR, and G

9- Mizda Formation: This unit consists of marl, shale, and
chalky limestone. This formation was recognized using
FCC image RGB- NIR, TIR, and MIR.

10- Al Khums Formation: T his u nit co nsists of lim estone
and algal li mestone. Thi s fo rmation was recogni zed
using FCC image RGB- NIR/G, MIR and TIR.

11- Volcanic rock s: Thi s unit con sists of phono lite and
trachyte intrusions, basalt cones, and basalt flows. This
formation was recognized using fused image RGB- TIR,
VNIR, and ERS-2 C band.

12- Quatemary: Five types of Quatern ary sedi ments were
discriminated a nd m apped: Q asr A 1H aj F ormation,
JifaraF ormation, S ebkha sediments, Fluv io-eolian
sediments and Fo lian de posits. T hese sediments were
recognized using FCC i mage RGB- NIR/G MIR and
TIR, RGB- MIR, NIR, and G, and fused image RGB-
TIR, VNIR, and ERS-2 C band.

The RG B-TIR, VNIR, and ERS-2 Cband and RGB-
MIR,NI R, andG imagesp ermitted thes uccessful
identification of lithological units in the study area.

Structurally, the DEM data id entified 641 geological
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lineaments (Fig. 5). The low illumination ang le wa s m ost
suitable for detecting lineaments. Lineaments extracted from
the DEM have different trends, but the main trend is NW-SE,
parallel t o the m ain te ctonic l ine ofth e Jabal Uplift. The
NE-SW lineaments represent a secondary trend. Lineaments
extracted from the DEM were divided into six groups on the
basis of the ages of t he surrounding ge ological -formations.

1214 12736 1256

Eolian deposits

§

Fluvio-eolian sediments
Sabkha sediments

Jeffara Formation

r Cretaceous
Qasr Tigrinnah Formation

Nalut Formation
idi as Sid Formation
Mizda Formation

Lineaments in the Up per T riassic rock s t rend do minantly
NW-SE. Lineaments in the Upper Triassic - Middle Jurassic
rocks trend dominantly NW-SE. The prevailing trend of the
Middle Jurassic rock lineaments is NE-SW. Lineaments in
the Up per Cretaceous ro cks a re dominantly NW -SE.
Lineaments in the Tertiary rocks are mostly NW-SE, with the
NE-SW direction being subor dinate. Lineam ents in
135¢

[ (744

[UYH

Qasr al Haj Formation Middle Jurassic o

- Takbal Formation | ; | Geological lineaments
e?ma uaterna | Biral Ghanam Formation
;| Basalt flows L

Upper Triassic - Middle Jurassic

Basalt cones D Abu Ghaylan Formation "':““”

Phonolite intrusions Upper Triassic %‘\\

Miocene Abu Shaybah Formation e
- Al Khums Formation Al Aziziyah Formation

Fig. 5. Geologically interpreted map of the study area

Quaternary sedi mentary units t rend do minantly NW -SE.
Analysis of extracted lineaments was based on the principle
of cross-cut ting relationships (Rowland an d Du ebendorfer,
1994). An alysisand int erpretation of the DEMre sults
indicates that the different lengths of the NW -SE lincaments

in the Upper Cretaceous rocks probably indicate reactivated
faulting. Li thologically, the arrangem ent of phonolite hil Is
and basalt cones in lin es parallel to the dominant lin eament
trends (NW-SE) indicates that the volcanic activity is related
to the tectonic activity of the Jabal Uplift.
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Abstract

There are many classification strategies to identify and monitor land use in remote sensing. Further
study to develop classification technique using hierarchy classification by decision tree model that
parameters are based on spectral and textural characteristics. The use of both spectral and textural
characteristics in remotely sensed image data has been proven promising for land use and land cover
classification. The main objective of the research is to develop decision tree model based on spectral
and textural characteristics of the ALOS AVNIR-2. The study includes image preprocessing,
calculation of vegetation index, calculation of textural measures, evaluation separability analysis and
develop tree model. Image preprocessing focuses on image registration while vegetation index
generate NDVI, RNDVI, GNDVI, NDRGI, GRVI and MPRI, respectively. Finally, textural
measures are calculated based on the gray level co-occurrence matrix (GLCM). The results indicated
that decision tree model which is based on combination of band spectral, normalized difference
vegetation index (NDVI), Modified Photochemical reflectance Index (MPRI) and —man” texture
measure were accurate for discrimination of different land uses over the study area.

Keywords : spectral, textural, ALOS AVNIR-2, discrimination, land use, decision tree

1. Introduction

In recent years, decision tree classifiers have
been successfully used for land cover
classification from remote sensing data. The
advantages of using a multistage or tree

approach to classification include that

different data sources, different sets of features,
and even different algorithms can be used at
each decision stage. (Richard & Jia, 2006).
Many researcher have investigated decision
tree classification for vegetation cover
mapping (Simrad et al., 2000), forest mapping
(Huang & Yang, 2001) urban landscape
dynamics (Pavuluri et al., 2002), national park

vegetation mapping (Colstoun et al., 2003),

habitat and agricultural mapping (Lucas,
2007), habitat classification and change
detection (Sensie et al., 2008), updating land
cover (Raclot et. al., 2005 and Wentz et. al.,
2008).

However land wuse classification using
decision tree based on single features of

spectral characteristic have limitation (Pal &
Mather, 2003), another limitation decision
tree classification are instability of tree
(Miller & Franklin, 2002) and requiring a
large number of training samples for tree
construction (Joy et al., 2003).

Basically, remote sensing technology can
detect reflectance energy from land use and it
also provides spectral response in image.
Separability analysis indicated that spectral
ALOS AVNIR-2 data provided adequate
spectral discrimination of land use. Other
features which can discriminate land use are
using textural characteristics. Texture can
improve classification result. Classification of
Mediterranean land cover from Landsat TM
imagery, texture information was found
beneficial for certain land covers (Berberoglu
et al., 2007) and combination of spectral and
textural aspects significantly improved the
classification accuracy compared with
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classification with only pure spectral features
(Wikantika et al., 2004).

The main objective of this research is to
construct a decision tree (expert system) for
land use classification by determining the
optimal spectral and textural measures. The
research_focuses on investigation of spectral
and textural characteristics of land uses in
study area, investigation of separation value
for discriminating different land uses, and
construction of a decision tree.

2. Methodology
2.1 Study area and data

Location of study area is in Southern part of
Bandung, West Java, Indonesia, roughly
between latitude 6°59° — 7°04> S and
longitudes 107°34> — 107°41’ E. ALOS
AVNIR-2 collected in Juni 2007 and total of
training site distributed in study area is 65
samples. :

Fo0's

077 30'0E

Indonesian archipelago

P H0E

PO

WP 0E-

Figure 1. Study area

Basically land use classification systems level
IT used in this study based on Anderson
(1976) and Indonesian’s land use
classification systems such as industrial area,
water body, forest, mixed plantation,
agricultural, grassland, wet paddy field, dry

paddy field, minning area, fallow land,
shrubland, field area, and urban area

— 163 —




2.2 Method

a. Preprocessing

ALOS AVNIR-2 has been systematically
geometric corrected but must be registered to
reference data. In this study reference data
used was SPOT 5 with spatial resolution 2.5
m. Distribution of ground control point for
image registration is nine control points
distributed within study area. Selection of
ground control point was based on geographic
characteristics such as branch of rivers and
roads. To wrap the satellite image, polynomial
orde-1 was used and resampling method of
nearest neighbor was applied.

b. Calculation of spectral, texture and
separability analysis

The study used several vegetation index as
following below-:

Normalized Difference Vegetation Index
(NDVI) (Rouse et al. 1974):

wpyg o MR=Red (D)

NIR+Red

Ratio Normalized Difference Vegetation
Index (RNDVI) (Gong et al. 2003)

DT — | NR—red \ (NIRY .. @)
NIR +red red

Green Normalized Difference Vegetation
Index (GNDVI) (Gitelson et. al 1996)

GNDVI = NIR —green ... (3)
NIR + green

Normalized Difference Red Green Index
(NDRGI) (Yang et. al 2008)

NDRGI = red — green
red + green

Green Ratio Vegetation Index (GRVI)

Grvt = VR e (5)

green

Modified Photochemical Reflectance Index
(MPRI) Yang et. al (2008)

MPR] = Breen—red ol 6)

green —red

For separation not only based on spectral
characteristic but = also used texture
information. Five textural measurement such
as mean, homogeneity, correlation and
contrast are proposed by haralick et. al. (1973).
All profiles are based on land use in the

research area.
N-1

25

Mean texture: /,y.:iif;’z TN () |
N-1 P .
Homogeneity: Z—L—z .............. 8)
i,j=01+(1_—'])
N1 , ‘
Contrast: Y B (i— /)" coereervevrinnneens Q)
i,j=0 A
Correlation : | (=G -4 |.......cc....(10)
= N (GG

To separate different land wuse needed
threshold value. Threshold values were
derived from training site. This study collected
65 training sites. Threshold values were
determined based on median values both mean
and standard deviation values for each class.
Threshold (Th) value can be as follows:

_(£0)+(x,0)
B 2

=BT E0) (11)
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3. Results and Discussions

ALOS AVNIR-2 has 4 band they are blue
(0.42 — 0.50 um), green (0.52 — 0.60 pm), red
(0.61 — 0.69 pm) and near infrared (0.76 —
0.89 pm). The result of calculation of NDVI,

GNDVI

RNDVI, GNDVI, NDRGI, GRVI, and MPRI
and textural measures such as mean, varian,
homogeneity, contrast and correlation, can be
shown by figure 2, respectively.

NDRGI ERVI

texture

Figure 2. Spectral and textural characteristics

Figure 3 shows spectral characteristic for
each land use class in study area. According
to figure 3, industrial zone has higher spectral
performance in band 1, band 2 and band 3,
respectively. Vegetation land use such as
agricultural land, mixed plantation land,
forest, grassland, shrub land, and dry paddy,
increase in band NIR but another land use
decrease.

Vegetation index characteristic for each land
use can be shown by figure 4. Based on figure
4, forest, shrub land, mixed plantation and
grassland have higher NDVI values than
others but in NDRVI forest, shrub land,
mixed plantation and grassland have lower
values. Non vegetated land use such as water,
industrial zone, mining zone, rural and urban
have similar values in RNDVI but vegetation
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land use such as forest, shrub land, mixed GNDVI but higher values in NDRVI and
plantation and grassland have different values. MPRYI, respectively. '
Water and wet paddy have lower values in
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Figure 3. Spectral characteristic for each land use
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Figure 4. Vegetation index characteristic for each land use
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Figure 5, Textural characteristic for each land use
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Textural characteristic for each land use can
be shown by figure 5. Based on figure 5,
water and wet paddy have lower values while
shrub land has higher values than other land
uses. Based on spectral and textural
characteristics for each land use and
separability analysis therefore it can be
discriminated each land uses consisted .of
some steps as follows :

Step 1. Mean texture can discriminate water
body, wet paddy and industrial zone,
minning zone, fallow area, urban, agricultural,
field, grassland, forest, mixed plantation,
shrubland.

Step 2.1. band 2 can discriminate water body
and wet paddy

Step 2.2 NDVI can discriminate industrial
zone, minning zone, fallow land, rural, urban
area and agricultural, field, grassland, forest,
mixed plantation, shrubland )

Step 3.1 band can discriminate industrial
zone, minning zone and fallow land, rural,
urban

Step 3.2 NDVI can discriminate agricultural,
field, grassland and forest, mixed plantation,
shrubland

Step 4.1 NIR can discriminate industrial zone
and minning area ‘

Step 4.2 band 3 can discriminate fallow land,
and urban

Step 4.3 MPRI can discriminate agriculture,
field and grassland, dry paddy

Step 4.4 band 1 can discriminate forest and
mixed plantation, shrubland

Step 5.1 band 3 can discriminate grassland
and dry paddy

Step 5.2 band 1 can discriminate agriculture
and field

Step 5.3 NDVI can discriminate mixed
plantation and shrubland

Decision tree analysis derived from
discrimination of land uses based on spectral
and textural characteristic as shown by figure
6. Land use classification using decision
tree analysis can  see in figure 7.

Shrubland

Mixed plantation

Grassland
Dry paddy
Agriculture

Field land
Industrial zone -
Minning zone

Urban

Fallow land

Figure 6. Separation of land uses using decision tree analysis
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Land Cover Map

Bouth Bandung, West Jave Indonesia
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Figure 7. Land Use and Land Cover classification result by decision tree analysis

4. Conclusions

It has been shown that use of spectral and
textural measures can identify and separate land
use and land cover in level II classification
systems. Separation of each land use with
decision tree analysis can use band 1, band 2,
band 3, band 4, NDVI, MPRI and textural
information - derived from ALOS AVNIR-2

image.
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Abstract:Based on methods of lanséape ecology and TM images of the Ebinur lake
during the diffierent period, This paper studies the characteristics of landscape
pattern, function and its variation. The ecological process, mechanism and
intensity of variation influenced by the human activities and physical factors are
analyzed in order to offer the countermeasure and references for restoring and
reconstructing destroyed ecological function in the study areas. The results
showed that: (1)Landscape ecotone of Ebinur Lake, with higher complex spatial
heterogeneity in ecological system,was fragile and unstable to disturbance of the
human activities and environment factors, which mainly include rainfall variation,
frequency and intensity of wind as well as population,agriculture and livestock .
changes. (2)The grassland is a dominant type of land use. The proportion of
grassland, woodland and the unutilized land is nearly 80% while the agricultural
land and inhabitant location isf\;le‘ss, less than 8%. Thus, the land use structure
should be adijusted to sustain the stability of oasis in Ebinur Lake .Especially three
farms near the lake should control the increase of agricutural lands and livestock.
(3)The land that not to utilize and the patches of woodlands are 94.78%, but this
two kinds of landscape’s average aréa is small, landscape fragment is obvious.
(4)The shapes of grassland patches are not regulations and complicated,the bend
level of boundary is distinct.The index of the landscape diversity and homogeneity
is high, dominant is small, the distribution of landscape patches is symmetrical

The results indicate the landscape the landscape is complete, and have not
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phenomenon of obvious fragment. (5)Study on ecological restoration of the
unutilized lands should be strenthen, which is important for optimizing the
composition structure and spatial pattern of landscape ecotone of Ebinur Lake.
The unutilized lands including salina land , wind-erode land and water corrisive
land, were distributed in areas with large population. Therefore, it is essential that
we should prevent desertification and protect present vegetation and improve
vegetation coverage. (6)The landacape ecology system was charactered by
complicated and landscape patches fragment and higher diversity and
homogenecity, which is related climate change, human activities, groundwater
level and lake volume change. Thus,we need ensure the water supply for lake,
which provide references and information for bionomical resources, agrichuture
and railroad security.
Keywords: Ebinur Lake, oasis landscape ecotone, landscape pattern
lintroduction

Oasis are unique intrazonal landscapes in arid and semi-arid regions of the
world In China they mainly distributed in temperate and warm temperate desert
area been the west of the Helan Mountain and north of Qinghai-Tibet Plateau.
Oasis take up only 7-8% of the total area of XinJiang, over 90% of the population
and over 95% of sdcial wealth are concentrated within the oasis. Thus, oasis is
very important for economic development and environmental protection in arid
and semi-arid regions. To study the stability of oasis, what need to be discussed
are the conditions for the stability of Vegetation in the transitional zone between
oasis and desert: oasis-desert ecotone. Oasis-desert ecotone, with the function of
oasis and desert ecosystem, forms especial structure and shape. Uhder the
condition of global climate warming, Landscape ecotone of oasis is better weak
and significant to indicating and forecasting future. Based on methords of
landscape ecology and TM images of the Ebinur Lake during the different period,
this paper studies the characteristics of ]aﬁdscape pattern, function and its
variation, which will provide some theoretical information for protecting the

ecological environment and utilizing the natural resources.
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2Study area

The study area is located in Northwest China between the range of
82°35’ ~83°10' E, 44°54’ ~45°09' N. The Ebinur lake covers area of
4327.04km? and is a centralof catchments basin.Tstrong-wind day (>20m/s)per
year is more than 165 days in the Alsankou mountain, northern Ebinur lake . The
desert vegetation in stduy areas wound adjust ecological fouction because of its
especial location and dégraded envirnment.
3Methodology 7

This paper studies the characteristics of ]ahdscape pattern, function and its

variation,the ecological process, mechanism and intensity of variation influenced
by the human activities and physical factors are analyzed in order to offer the
countermeasure and references for restoring and reconstructing destroyed
ecological function in the study areas.
Number of pitchs(NP):NP=N;
Mean patch areas(MPA): MPA=a;/ni
Percentage of average pitches perimeter to area (PARA;): PARA;= PARAG = M’_
Patch density(PD): PD =N, /4 N

2In0.25P,
In A4,

1

Fragment index(FRAC): FRAC =

P
" Landscape shape index: LSI = ———
P 2-\m-A4,

Diversity index: H= —Z P, In(7,)

Dominancy index: D=H_ +Y P e—-In(P)
H _->.B-In(R)
H In(rm)

max

Evenindex: &=

Cracked index: C =n,/MPA

4Result and analysis
4.1Spatial structure of land cover/use

Form the land types of oasis ecotone in Ebinur lake (Table 1), the grassland,
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forest land and unutilized land were the dominant land types, their areas were

40.38%, 22.38% and 16.83% of the total study areas, respectively. While the

percentage of agrarian land and residential land was least, only7.18% and 0.1%.

Table 1 Landscape areas of different land type in Ebinur Lake

Land type

Land areas (m2)

Percentage of total (%)

Agrarian land
Woodland
Grassland
Waterland

Residential area

Unutilized land

Total

310818030.7
968450078.8
1747473240
567674738
4329971459

- 728289856.7
4327035616

7.18
22.38
40.38
13.12

0.10
16.83

100

The patch numbers were 721 with regard to the landscape types in study
areas (Table 2), in which number of unutilized land was most ,up to 48.68%,the
second most was forest land ,up to 46.19%, but their areas were less and cracked
intensity was stronger. The least the patch number was grassland and water area
while the landscape shape index of grassland was largest, up to 125.89. The
landscape shape index of water areas was least, up to 1.4414. Thus, landscape
ecotone of Ebinur lake was higher complex spatial heterogeneity in ecological
systen, with grassland as a based landscapé, woodland as a zonal distribution in
northeastern lake and roadway or channel as path of landscape.

Table 2 Landscape index of land use in oasis ecotone of Ebinur Lake

Type -~ NP PD - MPA/m? - PARA; FRAC LSI
Agrarian land 27 6.24E-09 11511778.91 0.0039 1.2235 10.0391
Woodland 333 7.70E-08 2908258.49 0.0123 1.3209 31.1974
Grassland 1 2.31E-10 1747473239.75 0.0107 1.4431 125.8859
Waterland 1 2.31E-10 567674738.94 0.0002 | 1.0243  1.4414
Residential ‘ u ' _
8 1.85E-09 541246.43 0.0082 1.1578 3.7681
area
Unutilized land.- 351  8.11E-08 2074899.88 0.0223 1.3899 61.1683

The diversity of landscape in study area was more abundanf(Tab‘leB].The

diversity index(H)was 1.4637.the dominancy index was less, up to 0.33, while the
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even index was higher, up to 0.8169.The cracked index(C)was 1.67E-07,which

means that the distribution of landscape type was xonparatively symmetrical and

integrated.
Table3 the landscape index of oasis ecotone in Ebinur lake
H D E C
1.4637 - 0.33 0.8169 1.67E-07

4.2Spatial chatacteristicdesertification landscape structure

From the cause types of desertification(table4):the salination land and wind
erosion land was the main landscape type, was 41.23% and 30.13% of the total
areas, respecﬁvely. This indicate that the salination and wind erosion were the
main factors threatening ecological environment of oasis ecotone in Ebinur lake.

Table 4 The desertification landscape area of oasis ecotone in Ebinur Lake

Type Area/m? Percentage of total area/%
Not-desertification 45142828 " 1.04 ‘
Wind erosion 1.31E+09 30.13
: Water erosion 5.54E+08 12.77
Desertification
water 6.44E+08 14.83
Salination 1.79E+09 41.23
Total 4.34E+09 100.00

Form the landscape index(Table5),the patch numbers of salination and wind
erosion lands were largest, up to 455 and 260, repectively. Both of them were
89.60% of total numbers and their areas were up to 71.37%,which were the main
types of desertification landscape.The salination lands were located in southern
plins of Ebinur lake and around the Alsankou mountain, which were strongly
affected by the human activities. The wind erosion lands were distributed mainly
in northern and western areas of Ebinur lake. Affected by the wind, the indices if
PARA; and LSI in wind erosion areas were small .The phenomena showed that the
shape of desertification landscape was simple and large-scale distributed

-Table 5 he desertification landscape index of oasis ecotone in Ebinur Lake

Type NP PD MPA/m? PARA; FRAC
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Not-desertification 60 1.38E-08 752380.47 7.67E-03 22.74 14.53

Desertification

Wind erosion 260  5.99E-08 5033547.74 3.06E-03 27.64 31.28
Watererosion 22 5.07E-09 25203310.48 1.23E-03 24.10 8.19
water 1 2.30E-10 643929119.74 1.73E-04 20.46 1.24
Salination 455 1.05E;07 3936041.59 2.87E-03 28.13  34.27

The diversity of desértification landscape was 1.32, as shown in Table6, which
show a higher abundance in desertification landscape.The index of D was less, less
than 0.3 while the index of E was higher, up to 0.82.Furthermore, the index of D
was 1.47E-04,indicating that the desertificatioﬁ landscape was comparativelyb

even and integrated.

Table6 desertification landscape index of oasis ecotone in Ebinur Lake

H D E C
1.32 0.29 0.82 1.47E-04

4.3Variation ofvegetation landscape structure

The vegetation type is mainly composed of Haloxylon Ammodendron desert and
salt marsh. Their areas are 34.69% and 14.71% of the all vegetation areas (Table
7). Haloxylon Ammodendron desert is distributed continually in northwest, north,
northeast and east areas of Ebinur Lake. Salt marsh appears in the paralifnnion
and bottom of dried lake. The areas of agrarian land, half-shrub desert and
succulent saline desert are similar and distributed scatteredly, up to 9.36%,
9.31%,8.16% and 8.06%, respectively, while the areas of other vegetation types
are small

Table7 the vegetation landscape areas of oasis ecotone in Ebinur Lake

Type Area (m2) Percentage of total areas(%)

" Agrarian land 420619788.64 9.32
Succulent saline desert 368731427.00 8.16
Half-shrub desert 422768476.16 ' 9.36
Tamarix ramosissima 364103140.05 8.06
. Haloxylon Ammodendron 1567722293.26 34.69
Sbrub desert 11096792.36 0.25
Saliﬁiuzed meadow 149069574.98 3.30
Salt marsh 664745199.29 14.71
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Ture steppe
Reed-swamp
_Desert steppe
Deciduous forest
Artemisia desert
Bare land

Total areas

8978015.16
280576552.66
31755912.58
94759924.51
133548854.04
327450.29

4518803400.97

0.20
6.21
0.70
2.10
2.96
0.01

100.00

Table 7 shows the vegetation landscape index of oasis ecotone in Ebinur Lake.

The numbers of patch in all vegetation types are 733, in which the NP of

Haloxylon Ammodendron desert is largest, up to 247, amounting 33.7% of all

patches. The second largest NP is half-shrub desert and Reed-swamp. Both of

them are 126, up to 17.19% of all patches. The NP of Tamarix ramosissima is

70. The NP of other vegetation is small The PARAI of most vegetation types is

smaller while their LSI is different significantly. For example, the LSI of

Reed-swamp is 31.01. that results shows that there exist complex landscape shape

in different vegetation types of oasis ecotone in Ebinur Lake.

Table8the vegetation landscape index of oasis ecotone in Ebinur Lake

Type NP PD MPA/m? PARA; FRAC LSI
Agrarian land 32 7.08E-09  1.31E+07 4.48E-03 26.13 25.95
Succulent saline desert 13 2.88E-09 2.84E+07 1.93E-03 24.17 10.43
Half-shrub desert 126  2.79E-08 3.36E+06 3.92E-03 25.87 22.73
Tamarix ramosissima 70 1.55E-08 5.20E+06 4.16E-03 25.69 22.37
Haloxylon Ammodendron 247 547E-08 6.35E+06 2.50E-03 27.59 27.96
Sbrub desert 2 443E-10  5.55E+06 2.13E-03 17.36 2.00
Saliniuzed meadow 4 '8.85E-10 3.73E+07 3.44E-03 23.52 11.85
Salt marsh 3 6.64E-10  2.22E+08 5.19E-04 22.73 3.78
Ture steppe 1 2.21E-10  8.98E+06 2.29E-03 17.09 1.93
Reed-swamp 126 2.79E-08  2.23E+06 6.56E-03 26.08 31.01
Desert steppe 1 2.21E-10  3.18E+07 1.27E-03 18.43 2.02
Deciduous forest 37 8.19E-09 2.56E+06 5.39E-03 23.51 14.80
Artemisia desert 1 2.21E-10 1.34E+08 4.02E-04 19.01 1.31

The diversity of vegetation landscape and the index of D were higher, up to

2.03 and 0.53, respectively. The salina plants were dominant vegetation type.
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However, the index of E was less, 0.79. The index of C was 9.76E-05, indicating

there were higher even and sufficiently not cracked in vegetation landscape(Table

9).
Table9 The vegetation landscape index of oasis ecotone in Ebinur Lake
H D E C
2.03 0.53 0.79 9.76E-05

4 Discussion

The landscape pattern, function and its variation in oasis ecotone of Ebinur
Lake are mainly caused by human activities and climate change. The human
activities are mainly represented by changing lake water areas and agrarian land.

Based on data from meteorologic and hydrological satations in study areas,
compared with 1950’s, the temperature is higher 0.3°C in 1990’s, while the

precipitation increased by 20% - 50%. Thus, the rainfall in Ebinur Lake basin

would increase 5% - 20%, which result in increasing the runoff and enlarge the

lake water areas. The lake water areas keeps 500 km > in recent years. However,

with continually increasing population in study areas, the agrarian land areas

expand greatly and the demand for water also increased dramatically. From

1980’s to 1990’s, the agrarian land areas enlarge 244.75 km?, increasing by

16.96%. The irrational human activities results.to decline water supply for Ebinur
Lake basin and cause some ecological nproblems. Therefore, the human activities is
an important factor to disturbing landscapes spatial slructure of oasis ecotone in
Ebinur Lake. |
5 Conclusions

(1) Landscape ecotone of Ebinur Lake, with higher complex spatial
heterogeneity in ecologicél system, was fragile and unstable to disturbance of the
human activities and environmental factors, which mainly include rainfall
variation, frequency and intensity of wind as well as population, agriculture and
livestock changes.

(2) The grassland is a dominant type of land use, the proportion of grassland,
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woodland and the unutilized land is nearly 80% while the agricultural land and
inhabitant location is less, less than 8%.

(3) The unutilized lands including salinaland, wind—erodev land and water
corrosive land, were distributed in areas with large populaﬁon. Therefore, it is
essential that we should prevent desertification and protect present vegetation
and improve vegetation coverage.

(4) The landscape ecology system was charactered by complicated and
landscape patches fragment and higher diversity and homogeneity, which is
related climate change, human activities, groundwater level and lake volume
change. |
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Abstract

The size distributions of water particles at the bdttom of clouds had been analyzed by a multiple-scattering

simulation code for standard lidars.
the bistatic lidar geometry.
using Stokes vectors under Monte Carlo methoed.

In order to expand it for inside the cloud, the code is modified and applied to
It simulates the intensity and polarization of the extracted light image from clouds by

Keywords : lidar, bistatic lidar, multiple scattering, Monte Carlo method

1. Introduction

Lidars were developed as powerful tools for the remote
sensing of clouds. A polarized laser beam of the lidar is
scattered. by the water particles in the cloud. The size
distribution of water particles strongly affects extracted
image intensity and polarization from the cloud. In order to
exfract its information from the image, accurate computation
of contribution of the multiple scattering is required. The
Monte Carlo Method code for polarized light has been
developed and evaluated with experimental results by using
standard size particlesl). The analyzed results were limited
around the bottom part of clouds by the lidar geometry. In
order to expand the analysis region, the code is modified and
applied to the bistatic lidar geometry.

2. Multiple-Scattering Model for a Bistatic Lidar

The geometric arrangement of the bistatic lidar model is
shown in Fig.l. A polarized laser beam is vertically
transmitted to the bottom of a cloud. The receiver
composed of a telescope with an analyzer obtains scattered
image intensity and polarization. The image is a result of
multiple scattering between the size distributed water

To simulate it, we defined the size distribution
and number density as the formula shown in Fig.1. The
distribution of radii is divided into thirty-bin classes from 0.1
to 30 um. Typically 10° photons are incident to the bottom

particles.

part of the cloud. The n-th scattering particle is found by
contribution of each class according to the density and
overall angular Mie-scattering-pattern. The n-th scattered
angle is defined and weighted by the Mie-scattering-pattern.
To calculate the polarization, the Mueller matrix was
calculated with the Stokes vector by each scattering.  After
calculations of all photons’ paths, extracted image is
obtained.

Figure 2 shows the simulated results for single layer cloud.
One can see the intense point at the incident position and
linearly decayed pattern toward to the top of cloud. The
s-polarized image is relatively intense for spherical particles.

Figure 3 shows the two-layer cloud case. The upper
layer form center of the image has five times higher number
density than lower one. The second bright spot is shown at
the binding surface of two layers in Fig. (a). In Fig. (b), the
s-polarized image is relatively weak and insensitive the
density change.

Incident photon
N( r) = _J___—l.—exp — _(l[_lr——‘ll)z
2no particle r 20 particle
Fig. 1 Model of a bistatic lidar.
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3. Observation by the Bistatic Lidar

The pulsed laser for the lidar was a frequency doubled
Nd:YAG laser (Excel Technology, Surelight S-10) having
energy of 180 mJ max. The linearly polarized laser beam is
expanded and steered by the transmitter optics. The
receiver is a 300mm diameter Dobsonian type telescope
(Kokusaikoki, WHITEY DOB) with a digital camera (Nikon,
D70s). The system is operated in the bistatic configuration
with a separation distance around tem meters between the
transmitter and the receiver. Figure 4 shows the observed
image at the 50m-separation distance.

(a) p-polarized image

(b) s-polarized image
Fig. 4 Multiply-scattered light image obtained
by the bistatic lidar.

2. Conclusion

The simulation code was expanded to the bistatic lidar
geometry. Typical simulated observations and fundamental
experimental results are presented. This analysis with
bistaic lidar seems feasible to analyze the particle size
distribution in clouds.
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Abstract

Aerosol has a crucial role in earth radiation budget on a global scale as well as in a source of air pollution on
a regional scale. We investigated atmospheric visual range with aerosol particle size and extinction coefficient
using in-situ observation and ground-based remote sensing data to estimate the atmospheric turbidity. In this
study, we analyzed the data observed at two SKYNET sites, Fukue-jima (32.6°N, 128.8°E) and Amami-oshima
(28.2°N, 129.2°E) islands from 2003 to 2004. Both islands are considered as the best sites to observe the aerosol
all through the year because they are located at downwind region where we can observe the Asian aerosol with
little influence of local pollution. We have several kinds of in-situ observations and remote sensors at both
islands, such as Optical Particle Counter (OPC), LIDAR, skyradiometer, and so on. We estimated the extinction
coefficient from OPC and LIDAR measurement data to compare it with atmospheric visual range data obtained by
eye observation. We made detailed match-up data analyses based on the report of the atmospheric visual range
by Japan Meteorological Agency. We obtained the following results: 1) there is a consistent relationship between
OPC and LIDAR measurements, related to the atmospheric visual range; 2) a coefficient in the theoretical
relationship between extinction coefficient and atmospheric visual range are consistent to the previous studies; 3)
the coefficient is more than double when the atmospheric visual range is less than 10 km. These results suggest
that aerosol ground-based measurements with atmospheric visual range observation could provide an index of

atmospheric turbidity statistically.

Keywords : Atmospheric turbidity, Visual range, OPC, LIDAR, SKYNET

1. Introduction o

Aerosol has a crucial role in earth radiation budget on a
global scale as well as in a source of air pollution on a
regional scale. We investigated atmospheric visual range
with aerosol particle size and extinction coefficient using
in-situ observation and ground-based remote sensing data to
estimate the atmospheric turbidity.

2. Observation data

In this study, meteorological observation data, LIDAR and
Optical Particle Counter (OPC) data were used to evaluate
the atmospheric turbidity at two SK'YNET sites, Fukue-jima
(324°N, 1284°E) and Amami-oshima (28.2°N, 129.2°E)
islands from 2003 to 2004. Both islands are considered as
the best sites to observe the aerosol all through the year
because they are located at downwind region where we can
observe the Asian aerosol with litfle influence of local
pollution. : '

Weather conditions and visual range (km) data are
provided by Japan Meteorological Agency (JMA) for public

use. These meteorological observation data are available
from Jan. 2003 to Dec. 2004. In this study, non rainy day
and daytime observation (6:00, 9:00, 12:00, 15:00, and 18:00
JST) were used to a make match-up dataset.

LIDAR aerosol extinction coefficient profiles are kindly
provided by National Institute of Environmental Studies
(NIES)D. These profiles are available from surface to
5970m altitude every 30m from Jan. 2003 to Nov. 2004.
We estimated average acrosol extinction coefficients for the
lower atmosphere. ,

OPC data were kindly provided by Chiba University.
Particle number per Litter was observed evéry ten minutes
with particle diameter (d in um) bins: d>0.3,d>05,d> 1,
d>2,andd>5. These archived data is available from Feb.
2003 to Dec. 2004.

3. Methodology

Generally, meteorological visual range V in km is
inversely proportional to atmospheric extinction coefficient
o inkm as
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y=Lml M

where & is a is threshold of human eye sensitivity for black
object”. World Meteorological -~ Organization (WMO)
recommends 0.05 as &, for example”. In this case, the
recommend relationship by WMO is expressed as

which is equivalently expressed as
o,, =0.333V, ©
where 0, is an inverse of atmospheric extinction

coefficient o. There is other relationship based on the
observation”

c,, =0.526V. G

It seems that different proportional coefficients in Egs. (2)
and (3) are relevant to atmospheric condition as well as
human eye sensitivity.

In this study, we investigated the relationship between the
inverse of the extinction coefficients o, derived from
LIDAR or OPC measurements and visual range V' :

O =S-V. Q)

That is, linear regression curve with zero intercept is

estimated with a least square analysis. We discuss the slope
S of the regression line in terms of the data with visual
range V' less than 10 km as well as all match-up data.

Spectral atmospheric extinction coefficients o, are
estimated with following relationship

0,=0,,+0,,%t0,,+0, ;,+0,,, ®)

where ©,,, 0,,;, 0,,, Op and O, ,; are the

spectral extinction coefficients of aerosol, molecular
scattering, water vapor, ozone, and other gases, respectively.

The aerosol extinction coefficient o, , is estimated from

LIDAR or OPC observation assuming Mie particles as a
constant value over the human eye sensitive spectral range,
while other gaseous extinction coefficients are estimated with
LOWTRAN 7 assuming US standard atmosphere 1976.
We further take the human eye sensitivity every 10 nm into
consideration to estimate extinction coefficient ¢ which is
comparable to visual range observation..

4. Results and discussion

We estimated the extinction coefficient from OPC and
LIDAR measurement data to compare it with atmospheric
visual range data obtained by eye observation. We made
detailed match-up data analyses based on the report of the
atmospheric visual range by Japan Meteorological Agency.

Figure la shows the relationship between atmospheric
extinction coefficients using LIDAR aerosol extinction
coefficients and visual range at Fukuejima and
Amami-oshima islands from 2003 to 2004. The slope of
the regression line is 0.381 for all data (1246 samples), which
is consistent to the previous studies within 0.333 to 0.526 in
Egs. (2) and (3). The slope of the regression line is, on the
other hand, 0.811 for the data with visual range less than 10
km (79 samples), which is by more than twice all the data.

We could estimate aerosol extinction coefficients using
OPC volume spectrum to make Mie simulations assummg
bi-modal volume log-normal size distribution:

av p{_l(lnr lnrml) ] _l(lnr lnrmz) }
dinr Ge Ins, Ins,

(©)

where r is aerosol palﬁcle size, C, and C, are the
constants relevant to total volume. The parameters 7,
and r,, arethe mode radii, while the parameters s, and s,
define size distribution width. The subscripts 1 and 2 for
each parameter are for the accumulation and coarse mode,
respectively. Using the OPC volume spectrum, we could
determine the two parameters C, and C, out of six
parameters in Eq. (6), since it seems that OPC data are most
sensitive to the aerosol volume. For the other four
parameters 7, 7., s and s,, we a351gr1ed the values
0.13um, 2.00pum, 1.7 and 2.0, respectively, based on the
previous study with skyradiometer data analyses. We
further assume the accumulation and coarse modes are sea
salt and dust, respectively, to provide the refractive index for
the Mie calculations. The simulations are carried out at
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10nm interval over the visible spectrum range and weighted
with the human eye response. »

As aresult, we obtained the same relationship in Fig. 1b as
in Fig. la. The slopes of the regression line are 0.342 and
0.807 for all data (626 samples) and the data with visual
range less than 10 km (87 samples), respectively.
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Fig. 1. (a) Relationship between the inverse of atmospheric
extinction coefficients estimated with LIDAR observation
and visual range at Fukue-jima and Amami-oshima islands
in 2003 and 2004. Black and red lines show regression
lines for all data and for the data with visual range less than
10 km, respectively.
correspond to Egs. (2) and (3), respectively as references.

The orange and green lines

(b) Same as Fig. la, but for the extinction coefficients
estimated with OPC observation. '

Table 1 summarizes the above results on the relatiohships
LIDAR and OPC respect to Visual range, respectively (Fig.
1. : '

0 ,
Table 1. Statistics of the Slope in Eq. (4).

),«

All data Low Visibility*
Slope Number Slope Number
LIDAR 0.38 1246 0.81 79
OPC 0.34 626 0.81 87
* Visual range is less than 10 km.

As a consequence, we obtained following points: 1)
LIDAR and OPC measurements are consistent in terms of
extinction coefficients cdmpared to the visual range. 2)
Fukue-jima and Amami-oshima islands are best sites for
monitoring atmospheric environment since the slope of the
regression lines are consistent to the WMO’s. But 3) some
deviation from the WMO line suggests the influence of cloud
and surface reflection, for example, other than atmospheric
attenuation, which encourages that aerosol ground-based
measurements with atmospheric visual range observation
could provide more detailed atmospheric turbidity
statistically.

5. Concluding remarks

‘We investigated the relationship between the atmospheric
extinction coefficient and visual range at Fukue-jima and
Amami-oshima islands from 2003 to 2004.  As a result, the
relationship is consistent to the previous studies, while there
exists some deviation in case of lower visibility in particular,
which suggests that aerosol ground-based measurements
with atmospheric visual range observation could provide
more detailed atmospheric turbidity statistically on a basis of
monitoring of the atmospheric environment.
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Abstract

Indonesia is one of the most disaster-prone countries in the world. On December 26, 2004, a magnitude 9.0
earthquake, whose epicenter was off the west coast of the Indonesian island of Sumatra, caused a tremendously
powerful tsunami in the Indian Ocean that devastated 12 Asian countries. Indonesia was the heaviest hit, with
more than 150,000 casualties. Many of the deaths occurred in the war-torn province of Nanggroe Aceh
Darussalam (NAD). During the initial stage of the reconstruction phase, it is important to know the extent of
infra-structural and environmental damage in NAD. This information is used to design a planning development
of NAD’s infrastructure. To fulfil this purpose, it is necessary to identify areas devastated by Tsunami is
needed. This research aims to developing spatial based system which can provide information or data to the
communities regarding hazard maps, base maps and other related information needed in evacuation and
relocation after disaster events. The system developed is based on the internet which can be accessed, easily
and quickly. For the first step, we use West Java as a case study. The system is developed using CartoWeb
Open Source. CartoWeb is a web-based geographical information system (WebGIS) which is comprehensive
and can be used easily to develop advanced application. Other important thing has been also developed in the
system is that the users can design and print the interested areas as map. At a preliminary stage, the system is
useful for volunteer, local government officer, and other people who support in evacuation and relocation
phases in terms of disaster management.

Keywords : spatial data, disaster, public domain, CartoWeb, open source, webGIS

1. Introduction design a planning development of NAD’s

A natural disaster is the effect of a natural hazard
such as flood, tornado, volcano eruption,
earthquake, tsunami or landslide that affects the
environment, and leads to financial, environmental
and or human losses (wikipedia.org). Indonesia is
one of the most disaster-prone countries in the
world. On December 26, 2004, a magnitude 9.0
earthquake, whose epicenter was off the west coast
of the Indonesian island of Sumatra, caused a
tremendously powerful tsunami in the Indian
Ocean that devastated 12 Asian countries. At least
225,000 people died in the disaster, and millions
were left homeless. Indonesia was the heaviest hit,
with more than 150,000 casualties.

Many of the deaths occurred in the war-
torn province of Nanggroe Aceh Darussalam
(NAD). During the initial stage of the
reconstruction phase, it is important to know the
extent of infra-structural and environmental
damage in NAD. This information is used to

infrastructure. To fulfil this purpose, it is necessary
to identify areas devastated by Tsunami is needed.
Figure 1 shows the stages of implementing spatial-
data management for NAD in carrying out its
sustainable development (Wikantika et al. 2007,
Wikantika et al. 2009). The stages generally
consist of two steps: quick responses and mid-long
term responses. The quick-response step yields
unsystematic and moderate precision spatial data.
While mid-long term focuses on how to produce
systematic and accurate spatial data through spatial
analysis in detail, modeling, . spatial based
development including development of spatial
based decision support system. )

The paper discusses how to develop a
system which is based on spatial data to contribute
in evacuation and relocation stages in terms of
quick response. The system is also developed by
using webgis open source. It can be accessed on
the internet by communities who want to support
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Figure 1. NAD’s spatial disaster data management

quick response activities as easily and quickly. In
other words, the system can be a spatial disaster
public domain. As a case study, part of West Java
was chosen for preliminary stage. Several spatial
data are used such as topographic and thematic
maps as well as remote sensing data.

2. Overview of CartoWeb

Geographical information system (GIS) is a
computerized combination between a graphic
representation and textual description of a
geographic location. GIS also provides the
decision maker with a logical and graphic
- representation of  geographically referenced
information (webgis.net). GIS is now being
developed to run within the internet and worldwide
web as well as within private intranets. This also
includes how to develop GIS functionality within
cline-server networks.

Many applications of GIS are now
available based on the internet such as web-based
GIS for forest management, urban monitoring,
agricultural mapping, population growth analysis
even web-based GIS for crime identification. One
of the commonly used webgis is CartoWeb. It is
based on open source which the source code is
freely available. Instantly, we can use the software
freely then improve it in appropriate with the
applications are being made.

CartoWeb is an advanced GIS for therweb.

It is a comprehensive and ready to use webgis as
well as a convenient framework for building
advanced  and  customized  applications

(CartoWeb.org). CartoWeb is based on the UMN
MapServer engine and is released under the GNU
General Public License (GPL). MapServer is an
open source platform for publishing spatial data
and interactive mapping applications to the web
(mapserver.org). The latest version of CartoWeb is
3.5.2 which can be downloaded through internet.
CartoWeb adds many functionalities to the raw
queries supported by Mapserver. In particular, the
queries may be persistent and the hilighting can be
defined on a layer by layer basis.

In this research we used Apache 2,
Mapserver 5.4.2.1, php5 (php5-pgsql, php5-
mapscript, php5-cli, php-pear , php-mdb2, php-
mdb2-driverpgsql), library (libpng, freeype, GD,
zlib, libproj, libcurl, OGR, GDAL, AGG, libpq,
pdflib(lite), PostgreSQL, Postgis, respectively to
run CartoWeb. In addition the system is based on
Unix platform. '

3. Spatial based Disaster Public Domain
As explained above that the system is developed to
support local government, volunteers, rescue team
and also decision maker therefore it has been
designed as simply. Several spatial data are used to
build the system such as digital topographic map,
land use and land cover map, disaster hazard map
(flood, earthquake, landslide, forest fire, volcanic
eruption), administration boundary map. West Java
area is chosen as a case study because this region
is one of the most disaster prone provinces in
Indonesia. :

The system has three main functions for
the first stage of its development, they are
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Figure 4. Designing and printing map in PDF

visualization of type of natural disaster derived
from disaster hazard maps, searching villages,
district, city based on administration boundaries,
printing map in PDF format and updating the
information regarding disaster events in a certain
area within West Java province. The users can
visualize thematic information regarding disaster
events and also overlay each others with land use
and land cover map within study area (Figure 2).
To show location of villages, district or cities we
can use searching menu. In case of evacuation and
relocation steps, we need maps to bring in
supporting the activities. Therefore the system can
be designing map as simply and print it (Figure 3).
To maintain the contents of the system, it is
important to accommodate updating function. The
users can add new information due to natural
disaster events including its attribute.

4. Conclusions

In terms of disaster management, spatial data are
very important to support mitigate impacts of the
disaster. Local government, volunteers, rescue
team, and other people or communities need to
access spatial data as simply and quickly. Spatial
based disaster public domain can be
accommodating the users in evacuation -and
relocation steps. At a preliminary result, however
the research can support the users in assessing
impacts of disaster events. In the future, more
spatial data are needed to improve the system
including how to set qualified networks in
distributing the data to the communities. In

addition, more spatial data analysis efforts
especially from remote sensing data are also
important to be conducted. By wusing some
extraction techniques and. approaches, remote
sensing data can provide thematic information
which is useful to modify the system.
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