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Definition of Technical Parameters

Vegetation Index (Vi)
NDVI ; Normalized Differential Vegetation index
NDVI = (NIR-R) / (NIR+R)
AVI ; Advanced Vegetation index (ITTO/JOFCA Original)
AVI = (NIR x (256-R) x (NIR-R) + 1)1 , 0< (NIR-R)

B; Blue Band, G; Green Band, R; Red Band
NIR; Near infra-Red Band, SWIR; Short Wave Infra-Red
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Definition of Technical Parameters

Bare Soil Index (BI)
Bl = ((SWIR+R) — (B+NIR)) / ((SWIR+R) + (B+NIR))

Thermal Index (TI)
Ti; Calibrated Value of Thermal Band Information

Shadow Index (SI)
S| = ((256-B)x(256-G)x(256-R))™®

B; Blue Band, G; Green Band, R; Red Band
NIR; Near Infra-Red Band, SWIR; Short Wave Infra-Red
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Inge et al., (2002): Remote Sens. Environ.
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Tsukuba Mase paddy field
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13.2° C, 1200mm

Eutric Fluvisols

(Grayed lowland paddy soil)

Arctic coastal tundra at Barrow
(71° 19'N, 156° 37'W, 3 masl
Summer temperature: 2.4° C
Summer precipitation: ~50 mm
Maximum thaw depth: 30 cm /
Vegetation: wet sedges and mosses
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Broadband NDVI (Huemmrich et al, 1999)
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Satellite data analyses of the mineral aerosol

ATHIE', fREFEF ', Andrew Tupper®?, &AhiERi' BFFEIS . BIAKRE . SEFFIEA!

K. Kinoshita!, N. Iino', A. Tupper® ? T. Kanagakil, R. Iwasaki!, T. Masimizu® and T. Yano'

1 BREBEKXE; Kagoshima University
2 F—X K5 U TKEFF; Bureau of Metrology, Northern Territory Regional Office, Australia
3 B—EfRE; Daiichi Welfare University
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NOAA and GMS observations of Asian dust
events during 2000-2002

Naoko lino™, Kisei Kinoshita ®, Ryoji Iwasaki ®, Toshikatsu Masumizu * <, Toshiaki Yano *
* Dept. of Mech. Eng., Kag + ® Fac. of Edu. Kagoshima University:
¢ Dept. of Social Welfare, Daiich1 Welfare University

The source regions of Asian dust in central and eastemn Asia

Previous studies of Kagoshima Group

* Satellite images of Kosa Events during 1997-2002:
http://www-sci.edu.kagoshima-u.ac.jp/sing/kosa/kosa-e.htm

* The events during 1997-2001in a booklet:
Kagoshima Kosa Analysis Group,
Satellite Imagery of Asian Dust Events, 159 p.,
Kagoshima University, 2001.

This study

1. The properties of AVHRR and VISSR bands
for the study of the Asian dust events.

2. The results during 2000-2002,
focussing on the advection patterns of the events
shown in the satellite images.

Aerosol Vapor Index (AVI) for NOAA/AVHRR and GMS/VISSR

Satelite /Sensor
vis wWORL2
GMSMSSR s U
275 AN B 45
NOAA/AVMRR i » o w
L
of 05 1o 50 100 um

AVI (AVHRR) =n(5) - n(4) + 200, for NOAA/AVHRR
AVI(VISSR) = IR2 - IR1 + 100, for GMS-5/VISSR

where the value n(i) of thermal infrared band 1 to the bnigh mp t(1) in
centigrade as t(1) =0.1n(1) - 50, fori =4, 5.
where Ni is related to the p of IRi in deas Ti=0.5N1-85,fori=1.2

Stretching-ranges

AVI(AVHRR) = 170 ~ 210 : t(5) - t(4) = -3.0 ~ 1.0 K
AVI(VISSR) =95 ~105: T2-T1 =-2.5~2.5K

NOAA-16 imagery of Asian dust plume

NOAA-16/AVHRR images on 20 March 2001 at 13:07 JST.

NOAA-16/AVHRR images
on 20 March 2001 at 13:07 JST.

R, G, B =AVI|, b3-1,Ch.4




GMS-5/VISSR imagery of Asian du: t storm

GMS-5/VISSR images on 21 March 2002 at 12 JST

Asian dust events during 2000-2002

AVIimages of NOAA/AVHRR and GMS-S/VISSR analyzed during 2000-2002.

year NOAA GMS

2000 | March - 10 May 20 February - 30 Apnl
2001 4 March - 28 May 26 February - 6 May

2002 1 March - 30 Apnl 11 March - 21 Apnl

Classification into three types based on weather pattemﬂ

D : ‘Dryslot’ type
W : ‘High pressure wedge’ type
T : ‘Travelling high’ type

‘Travelling High’

‘Dry Slot’ ‘High Pressure Wedge’

AVI images and weather maps.
10 April 2001

21 March 2002 23 March 2002

Sample images of the three types

D: Dry slot type
W: High pressure wedge type
H: Travelling high type

T
NOAA AVI mosaic image at 18:12 JST and 16:31 JST on 24 April 2000

Large scale event of ‘High Pressure Wedge’ type

GMS AVI images on 22 March 2002 at intervals of three hours, 1,3, 6,9, 12, 15,18,21 JST.

Conclusions
1. The AVI images of NOAA and GMS are very effective

for monitoring the Asian dust phenomenon in the east Asia.

2. The short-wave infrared band of NOAA/AVHRR
supplements well the AVI imagery, because of

its sensitivity to ice and water clouds.

3. Classification into three types: ‘Dry Slot’ type
‘High Pressure Wedge’ type,
‘Travelling High’ type.
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Australian dust of 23 October 2002

Andrew Tupper

Bureau of Meteorology, Northern Territory Regional Office, Australia.

' H

Japan

Currently at: Faculty of Education, K University, K

The dust over Sydney Harbour
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ABSTRACT

R/V MIRAI (MR0O1-K05 Leg3) of Japan Marine Science and Technology Center (JAMSTEC) was stationed at the point of 2
degrees North and 138 degrees East in the westem equatorial Pacific Ocean from Nov.9 to Dec.9, 2001. During this air-sea
interaction research cruise SeaWiFS and NOAA/AVHRR local area coverage (LAC) scenes were received by the station
onboard R/V MIRALI and the products derived from these satellites are verified against oceanographic observations including
the parameter of sea surface temperature, salinity, chlorophyll-a and current velocity profile to the depth of 300 meters. Level 3
wind vector products derived from QuickSCAT onboard SeaWinds are also collected and validated against in situ wind vectors.
The sea surface temperature decreases from 30 to 29.3 degrees after the week-long prevailing northwest monsoon wind with the
maximum gust more than 20 n/s, while the observed surface salinity and chlorophyll-a concentration increase from 34.1 to
34.37 and from 0.05 to 0.14 mg/m’ respectively. The increase of chlorophyll-a and the decrease of sea surface temperature in
this region are also shown in the multi-date SeaWiFS chlorophyll-a concentration products and Multi-Channel Sea Surface
Temperature (MCSST) products from NOAA/AVHRR. Wind vector patterns corresponding to the gust more than 20m/s are
also observed by QuickSCAT. During the period of the week-long northwest monsoon wind the current velocity of upper 70
meters reaches about 70cm/sec in the southeastward direction while the current velocity at the depth from 80 to 120 meters
indicates 50cm/sec in the northwestward direction. The current of upper 70 meters corresponds to the Northwest Monsoon
Current (NMC) and the intrusion of NMC enhanced by the strong northwest monsoon winds (westerly wind bursts) causes a
reversal in the sub-surface current (New Guinea Coastal Undercurrent (NGCUC)) which creates a temporal upwelling in this
region.

INTRODUCTION

Equatorial upwelling in the Pacific Ocean is known to occur east of the date line (Wyrtki, 1981). However based on the
moored current measurements the estimates of equatorial upwelling in the western equatorial Pacific Ocean is reported (Halpern
et al., 1989, Helber and Weisberg, 2001). Furthermore the presence of upwelling produced by the predominantly easterly winds
in the western equatorial Pacific Ocean is indicated (Richards and Pollard, 1991). Although the importance of monsoonal wind
forcing on the surface circulation has been discussed (Lindstrom et al.,1987), the wind-induced upwelling in the westemn
equatorial Pacific Ocean is little observed and described because of its intermittent characteristics in temporal and spatial scales.
The purpose of this study is to not only describe the upwelling event observed by SeaWiFS, NOAA/AVHRR, QuickSCAT and
in situ samplings during the research cruise of R/V MIRAI (MR0O1-K05 Leg3) but also investigate the conditions of upwelling
in temporal and spatial scales for contributing to better understanding of air-sea interaction in the westemn equatorial Pacific
Ocean.



DATAAND METHOD

Figure 1 shows the study area with the stationary observation at 2 degrees North, 138 degrees East from Nov.9 to Dec.9,
2001. During this period the ship was moving around the stationary point except the CTD (Conductivity-Temperature-Depth)
profiler observations four times a day. Details of the cruise log and summary of observations are listed in the R/V MIRAI Cruise
Report (MRO1-K05 Leg-3/4) (JAMSTEC, 2001). Methods of in situ atmospheric and oceanographic observation including the
parameter of sea surface temperature, salinity, chlorophyll-a concentration and current velocity profile are summarized as
follows. The surface meteorological parameters such as wind speeds and directions are observed during the cruise by the R/V
MIRAI meteorological observation system. An anemometer is located at the foremast 24 meters above sea surface and the 10-
minute averaged true wind speeds and directions are recorded. Near-surface water at the depth of 4.5 meters is continuously
pumped up at the rate of 200 liter per minute from the intake to the sea surface monitoring laboratory for measuring temperature
and salinity. Surface seawater samples are taken four times a day and the concentration of chlorophyll-a is determined onboard.
CTD (Conductivity-Temperature-Depth) profiler observations are carried out four times a day to the depth of 500 meters. The
specifications of CTD profiler are listed in Table 1. Current velocity profiles are measured by the shipboard Acoustic Doppler
Current Profiler (ADCP) from Nov.9 to Dec.9, 2001. The zonal (east-west) and meridional (north-south) velocity components
of each depth cell are observed every 5 minutes. Major parameters for the measurement configuration of ADCP are listed in
Table 2.

548 Table 3. Specifications of SeaWiFS

Band 412, 443, 490, 510, 555, 670, 765,865

(center wavelength(nm))

2 Equator Crossing  Local Noon(+20min), descending
Onbit type Sun Synchronous at 705km

1y Spatial resolution  1.13km(LAC), 4.5km(GAC)
Swath width 2801km(LAC), 1502km(GAC)
Scan Plane Tilt +20° ,0° ,-20°

PALAU

o 10

i -a. i HavD¥Daci SeaWiFS is an abbreviation of Sea-viewing Wide
: Ry O Field-of-view Sensor onboard the SeaStar launched in 1998.
& b

- . 8

a ; The sensor has eight bands in the visible and near infrared
1H0E i 7RG wavelengths and the tilt mechanism to avoid sun glitter as
Fig. 1. . Study area with the stationary observation at2N, 138E  shown in Table 3. During the research cruise from Nov.14
from Nov.8 to Dec.9, 2001. to Dec.10 SeaWiFS LAC (Local Area Coverage) scenes are
received by the station onboard R/V MIRAI once a day
Table 1. Specifications of CTD (Conductivity- Temperature under the authorization of NASA SeaWiFS project as the

-Depth) profiler temporary real-time agreement. All SeaWiFS raw data are
Temperature Range:-5 to +35C, Accuracy: 0.001C decrypted by using the OGP software provided by NASA
Conductivity Range: 0-7 S/m, Accuracy:0.0003S/m  GSFC, Higher level products such as chlorophyll-a
Pressure Range: Up to 10500m, Accuracy:0.015%  concentration are generated by using SeaDAS 4.3 software.
RESULTS AND DISCUSSIONS

Table 2. Measurement configurations of shipboard ADCP

Frequency 75kH Throughout the period of research cruise there are two
Average every 300 sec typical weather conditions. One is characterized by the
Depth cell length 1600cm strong northwest monsoon winds (or westerly wind bursts)
Number of depth cells 40 during the periods from Nov.18 to 24 and from Dec.1 to 9.
First depth cell position 30.9m The westerly wind burst is one of the characteristic wind
Last depth cell position 654.9m variability in the tropics with a period of 40-50 days
Ping per ADCP raw data 32 (Madden-Julian Oscillation, (Madden and Julian, 1971,

1972)). The other is characterized by the strong insolation



with weak monsoon winds during the periods from Nov.12 to 17 and from Nov.25 to 30. Since the SeaWiFS LAC scenes
acquired during the former periods show the high cloud coverage, the SeaWiFS LAC scenes available for the analysis are
limited to those acquired during the latter periods. From now on the observation period is divided into three periods, namely the
period of (Nov.18-24), before (Nov.12 to 17) and after the strong northwest monsoon winds (or westerly wind bursts) (Nov.25-

30).
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Fig.2. Temporal variability of wind speeds and directions before

(Nov.12 to 17), during (Nov.18 to 24) and after(Nov.25 to 30) the
westerly wind burst in Nov. 20.
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Fig. 3. Wind vector distributions during the westerly wind
burst derived from QuickSCAT. (left, Nov.19 20h20m(UT)),
right, Nov.20 08h56m(UT), unit: mys).
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Fig. 4. Temporal variability of temperature and salinity before
(Nov.12 to 17), during (Nov.18 to 24) and after (Nov.25 1o 30)
the westerly wind burst in Nov.20.

Variability of wind vector

Figure 2 shows the temporal variability of wind speeds
and directions before (Nov.12 to 17), during (Nov.18 to 24)
and after (Nov.25 to 30) the westerly wind burst. During the
period from Nov.18 to 24 this period is characterized by the
westerly wind burst reaching more than 20 m/sec of
instantaneous wind speed at Nov. 20. After the westerly wind
burst the wind directions are mostly east until Nov.27 and
changing to the west afterwards. In order to describe spatial
distribution of wind vector in the study area wind vectors
derived from QuickSCAT are used for the analysis. Figure 3
illustrates the wind vector distribution at two different dates
during the westerly wind burst. North of the stationary point
of 2 degrees North and 138 degrees East the low pressure
system (counter-clockwise circulation indicated as the solid
arrows in Figure 3) can be seen between 5 and 10 degrees
North and the center of low pressure system seems to be
moving toward east. It is the low pressure system that causes
the instantaneous wind speeds more than 20 m/sec at the
stationary point.

Variability of temperature, salinity and velocity profile

Figure 4 shows the temporal variability of sea surface
temperature and salinity before (Nov.12 to 17), during
(Nov.18 to 24) and after (Nov.25 to 30) the westerly wind
burst in Nov.20. A sharp decrease of salinity in Nov.16 and
29 may be attributable to showers observed by the shipboard
rain gauge. During the period of the westerly wind burst sea
surface temperatures decrease from 29.5 to 29.3C while
salinity increases from 34.24 to 34.37 at Nov.22. Decrease of
sea surface temperature around the stationary point is also
supported by the MCSST (Multi-Channel Sea Surface
Temperature) products illustrated in Figure 5. Before the
westerly wind burst the sea surface temperature around the
stationary point is about 30 C while the sea surface
temperature after the burst is about 29.5C.

As far as the temporal variability of temperature overlaid
with ADCP data are concerned, three distinctive layered
current structures are illustrated in Figure 6. The first one
from the surface to the depth of 50 m corresponds to the
Northwest Monsoon Current (NMC) (Masuzawa, 1968)
which can be characterized by the weak flow (less than 30
cm/sec) toward southeast directions and the temperature
range from 29.2 to 29.8 degree Celsius. The second one from
the depth of 80 m to 120 m corresponds to the New Guinea
Coastal Undercurrent (NGCUC) (Lindstrom et al., 1987).
Although the NGCUC is originally defined as the subsurface



equatorward velocity maximum centered at the depth of
200m adjacent to the coast at 2° S, it is indicated that the
Northwest Monsoon Current overlies the northwestward
flow of the NGCUC (Fine et al., 1994). The temperature is
ranging from 25 to 29 degrees Celsius. The third one from
the depth of 200m to 250m corresponds to the Equatorial
Undercurrent (EUC) which can be characterized by the
strong southeastward flow reaching about 70cm/sec and the
temperature range from 13 to 20 degrees Celsius.

The temporal distributions of temperature overlaid
with ADCP data also illustrate the characteristic responses to
the westerly wind burst. Figure 6 indicate that the Northwest
Monsoon Current (NMC) reaches 70cm/sec at the surface
and extends to the depth of 70 m from Nov.20 to 21. The
temperature contour of 29.2 degrees Celsius is sharply
uprising. The accelerated NMC caused by the westerly wind
burst is called the Pacific Equatorial Monsoon Jet (PEMJ)
(Lindstrom et al, 1987) which is the strong equatorial
eastward jet with the recorded velocity more than 110
cm/sec (Delcroix et al, 1992). At the same time the
northwestward flowing New Guinea Coastal Undercurrent
(NGCUC) at the depth from 80m to 120m is seem to be
decelerated and partly deviated clockwise because of the
enhanced NMC or the PEMJ from Nov.20 to 21. After the
westerly wind burst the Northwest Monsoon Current

' (NMC) at the surface becomes very weak, On the other
135 140E 145 hand the New Guinea Coastal Undercurrent (NGCUC) at

%

_ _ _ _ the depth from 80m to 120 m shows the stable westward
Fig. 5. Daytime MCSST composites derived from HQAY flow of about 50cm/sec and the Equatorial Undercurrent
AVHRR before (left, Nov.12-17) and after (right, Nov.25-30) (EUC) at the depth from 200m to 250m is strengthened
the strong westerly monsoon wind (westerly wind burst). especially after Noy.28. Since the northwest monsoon wind

Nov.12-17 Nov.18-24
T i 12“ 298 o 2'9‘14 zu) v\zs‘zz\_ v”"‘
= 8 Kt B S S S T N N N N N S i S S
s0- <~ “29‘2““"""\"50‘.~\\\\\N,W~j~\\\\~-~°“50‘-
4 4 4 ¢« ¢ 200 v < 0 e 4 s . ofT D S T P P -
s FBhH e e e 'lﬂjv—’ ; '/\;'“u . ?.29:9"2_‘:(’?*.«« “ 4 tt_»“ci
P2 (9 ET I R 4 vy iﬂa 3 rt:_{’//” =
100 d 100 - A IR e T e e S i R T oAt Ty 160~

........
napeise

vt e N 26 0% SEMISIM N Ly iyt

150

Depth (m)

=¥ =
e o= —— e
2004 " S R 00 T s e S
kN SR RN T 8.8 S < e >
LN Ay o fton s 1800 o a g
\ ' A
250 L S
=
300+ ein a0 e w0 e s e v on e w s e 3004 : 5 AN Ly N N o e TR 2=
T T T T T T T T T T T L | B LN b TR B T T LR T L2 T % 1
12.00 13.00 14.00 15.00 16.00 17.00 1800 19.00 2000 2100 2200 23.00 2400 2500 28.00 27.00 28.00 29.00 30.00
Date (fraction of day) Date (fraction of day) Date (fraction of day)
*— =1.0000e+02 = = 1.0000e+02 — =1.0000e+02

Fig. 8. Temporal variability of temperature profile overlaid with velocity vectors from Nov.12 to 30. (Units of temperature and
velocity are degree Celsius and crm/sec respectively.)
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Fig. 8. Chlorophyll-a composites derived from SeaWiFS before

(upper, Nov.12-17) and after (lower, Nov.25-30) the westerly
wind burst

and the corresponding NMC are weak, the cause of the
strengthened EUC is unknown. However, after comparing
with the velocity vectors of the NGCUC during the previous
period it is found out that the total transport of the NGCUC
is getting increased toward the latter half of this period and
the part of NGCUC may contribute to the enhancement of
the EUC. Three distinctive layered current structures with
the Pacific Equatorial Monsoon Jet caused by westerly wind
bursts are illustrated in Figure 7.

Variability of chlorophyll-a

Figure 8 shows the SeaWiFS-derived chlorophyll-a
concentration composites before and afier the westerly wind
burst. Around the stationary observation point (2N, 138E)
the concentration is below 0.1 mg/m® from Nov.12 to 17.
On the other hand high concentration areas are found in the
northwest of the stationary point (3N, 135E) and the
northem coast of New Guinea Island. After the westerly
wind burst (Nov.25 to 30) the chlorophyll-a concentration
around the stationary observation point indicates the values
around 0.1 mg/m’ which are agreed well with the in situ
concentration values shown in Figure 9. The high
concentration area extends to 4 degrees north and the
northem coast of New Guinea Island. However, the low
concentration areas are found east of 140 degrees meridian,
which may indicate the temporal and spatial extent of the
upwelling in this region.

SUMMARY

The results of the study above are summarized as
follows.
(1) During the R/V MIRAI research cruise wind-induced
upwelling is expressed as the response of the western
equatorial Pacific Ocean to the strong northwest monsoon
winds (westerly wind bursts) revealed by in situ and
QuickSCAT wind vector distribution.
(2) The characteristics response of the upper oceanographic
structure to the westerly wind bursts is the Pacific Equatorial
Monsoon Jet (PEMJ) reaching 70cm/sec at the surface and
extends to the depth of 70 meters from Nov.20-21.

(3) The current of upper 70 meters corresponds to the

Northwest Monsoon Current (NMC) and the intrusion of
NMC enhanced by the westerly wind bursts causes a
reversal in the sub-surface current (New Guinea Coastal
Undercurrent  (NGCUC)) which creates a temporal
upwelling in this region.
(4) The temporal upwelling event is revealed by the sharp
increase of in situ chlorophyll-a concentration, salinity and
the decrease of sea surface temperature. Increase of
chlorophyll-a and the decrease of sea surface temperature
are also supported by the multi-date SeaWiFS and MCSST
composites respectively.
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