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Incentive to develop this system

1. It increases importance to compi'ehend
area and circumstances of mangrove forest.

2. It is difficult to measure tree height and
trunk volume for many trees in mangrove

~ forest w1thout cuttlng down |

3. We wish to make clear the‘relatlohs‘hip’s |
among stand_ parameters on mangrove forest

and satellite data.

The effects and problems of this system

1. Itis not{necessal"y to measure distance
between camera and target tree.

2. Measuring time became shorter.

3. It is not necessary climbing trees as riskful
work. .

4. Number and weight of ﬂthe equipment must be

cut in future.
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Camera unit ( camera, laser pomters
and driver for pannlng )

Connectors for video signals,
remote control and power

Connector

%\Cable 20m

| Pole composed of drawtubes }

( state of the lowest, the
| | maximum height:
1 15m)

I Control unit ( monitor,

8 controllers for camera

| and pan driver, battery
and charger)

Stabilizer"

Composntlon and connectlon on developed
new method for measurement of
stand parameters in mangrove forest



Digital camera

Laser pointers
unit

"

Pan driver
. (‘horizontal )

20 ] 30 12017307~ 40 7} (mm)
Apertures for ® ® ® o
each laser pointer \

@ (1)
) charger (@ fuse holder
(2 AC code of chager (8 cable connector
D liqid crystal monitor voltagemeter
@) battery (0 pan speed adjuster
power switch buttons for pan direction change
pilot lamp / controller for digital camera

Details of camera unit and control unit



Figure 7. How to measure trunk diameter

Tree height

PER «———| 7.75 meter

 ——— 5.95 meter |

4.15 meter

2.2 meter

DBH = 1.2 meter

ground

Trunk Volume = Vol (0-DBH) +
' Vol (DBH-D2.20) +
Vol (D2.20-D4.15)+
Vol (D4.15-D5.95) +
Vol (D5.95-D7.75) +
Vol (7.75-(Tree Height - D7.75))

phi=3.1413

rl=radiant at Tree diameter

(DBH height=1.2meter)
r2=radiant at Tree diameter=2.20 meter
r4=radiant at Tree diameter=4.15 meter
rS5=radiant at Tree diameter=5.95 meter

r7=radiant at Tree diameter=7.75 meter

"Fori=1to 27 do

Trunk volume (i) = (phi*r1(1)"2*1.2) +
(1/3*phi*(r1(i)"2 + r1(i)*r2(i) + r2(1)"2)/1°2) +
(1/3*phi*(r2(1)"2 + r2(i)*rd(i) + ra(i)"2)/1.95°2) +
(1/3*phi*(r4(1Y*2 + rd(i)*r5(i) + r5(i)"2)/1.8"2) +
(1/3*phi*(r5(1)"2 + r5(1)*r7(1) + r7(i)"2)/1.8"2) +
(1/3*phi*r7(iy*2*(Tree height(i)-7.75))

end;



End of cord

 cor Fixed pulley

Dlgltal L o
camera . Prop pole

| Cord

Prop Pole bl

. Drawtubes

 Stabilizer

Composition of improved pole system
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Added X and
Y indicators
of horizon

Improved control unit

Mecasuring tape for
height of camera
Cord

{
!
° |
|
|
|
|

Opeceration cords
] for hook
§ g . lC

Handling the winch for pulling a drawtube up
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Table 1. Integrated uptake of CO, (gC/m’ /year) for daytime, night and whole days
from 1994 to 1998 at Takayama (a) and from 1997 t01999 at Kawagoe (b) . Japan.

onnuel varalion: t30~40%
(MIakgvama Year (Q(Whole) Qay) QNight) (v)Kamague Year (Q(Whok))

LAI=34 1994 112 256 144 LAI5-6 - -
ActiveDays 1995 67 189 -2 Active Days - -
=120 1996 136)] 239 -108 =180 - -
1997 49| 28 -114 1997 357
1998 177| 290 113 1998 - 317
- - - - 1999 227
Mean 1281 247 119 Mean 300 |

( refer from proceeding of International Workshop for Advanced Flux Network and Flux Evalation, 2000)

Year—to-year change in the growmg perlod
accumulated temperature

LA i 1995 ' (T>5%) [d ree—da ]
3,1 LAI /_v_k -—LAI >ﬁ) -l-snowmelte(%‘;‘4 Um{ )
0 —a-Tcum > 250 ——NDVI > 0.5
4 _g:lh ’ Y - 1996 150 /\ "
3 2 PCA RV Y 140 -
. i HER : '\\-.‘:A.g qi 130 ) //7
: Coprren—s 1997 ' :
3 I, 5 120 5 \ %
: bow 0 e _.F_..i/ ' . b et e § 110 o \ /
. =
thamumne 1998 100 \\'//
3 N\
: ® snlpaen / . 90
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Fig 1. (MS-5/VISSR images on 7 April 2001 at 15 JSI.
(2) AVI image of IR2-IRIL. (b} TIR image of IRl inverted.
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- Fig 2. The sources-of Asian dust in East Asia
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Table 1 A list of the satellite data and DOiIits analyzed.

7
- s 10
o 11
19974 =7
' 13 , L]
14 *XF, =
6 1= ETE, e, .
718 JWA R REESS
17 | 653 )
o |18 S
19984 | KT ke, FLOR
19 i, S Y BE 5
0 1238 |BRE, S, ."-m
1353 | JWA TR, A0, K7, S5, e, (UG, A, HE B BN
’ 1987 April 1998 April
T ] 2 | 13 |14 © Me 17] 18 ! 19 P20
:%.30 I 1 % 1 ] 1]
S S
= 2
20 f ~
E £
3 3
g 10 3

0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 50 55 60

day & points day & points
Fig 4 Comparison between precipitable Fig b. Same as in Fig 3 but durmg
vater amounts (PW) and split window 16-20 Aoril 1998.

~difference (dN) during 7-14 April 1997.

—43—



PW & dN IZEHAEB BB E -2 < RIPBETH DI HEHREID 0. 845 EBWOTIT. 2T
EREHEET 5, 1 IUDISR=L ST, 1997 4. auﬁ@%ﬁ&%@{ﬁémmﬂﬁﬂd&égj«_é:'c
HEHRERNEEBBSNRO 5NTND, M1 2R5&, P& dN 3REEOEERL TWS, —4. 1998
DV, 2RI DA TN BOEDINS < D EBBIL TE//cwd, AU CHEERERES
BRSNS, JUNDE S IESIRICED N 4/18 13 dN B LVADEERL TV, Tk 198,20
HO dNIZPH & D HBHE NN IfEER LTS,

BFRSEERIC 5 X 5 HEET 7 0 OFEE T RICIHET 572012, S PAKONEES, >3
2 L—3 3 SR S EINEE & & OHBFOIRRED GPS THE K RO LRI S
SIBDEETH D, Tz, FERZEHHET, 1 EEBLEN E N DBUREHIT S T &C. THOR
B SHOREEFRSMILTIFERN, |

4. AVERR 5F—# 1k B =8 KILOEERH

BB ORET AV] B TX SRHINBHANEBVN,. BT 2000 4 § A ETORRBEOMIZ AVI HEiff
L BRI TH D, T 2000 4 9 ALUR. Faik L THSRAEAES A OMNS H TS RROEEIIIALL
ROBEDSENTVRWEDEEZ 5ND, ENEIKREOERE LK S0, 2 EOKILH ARSI VVEREL .
FOR TSN THRBTY V)N D, EIRAST TIRMIER L T <A IS N 2
SURROIY IV INTNDETHEES EBbI 5,

Fig 6 1. RORVEO=EEEEDOMBNLEG TH 5. JOEIR
OWFTE AB . AVHRR %/\> ROl Fig TIRY, band4 & 5 TIRUE -
RHIIN TV band 1+ 2+ 3 TIIRIENTNS, bandl & - .o o
band2 DEEE B ET BEEHNEEHAIT I ENMKS, N - T
i3, BRI D LRHE FROWRRO LY OV IV OESREAIS e s
B, £, BEWEEEE band] & band2 DEAEREEEIT 57
3, BIEX D HEOHIHS BRI EN TV band3 2HHE T, R:6:B=
band1:band2:band3 DEHREIED Z & T, I S—EREL TRELEZ
RBITEBHEENLN. TOBAHET. BRBAEOEEHEZEE
1B ELM #89) TREL 28555 F TO NOAWAHRR F—Fh5=%
BOEEERE LT, IBXFROR—L— SiNG Kagoshima 0.
2001 4E NOAA/AVERR 12 & =B ORE] 1TIBRL. BRPALTOX T A
I A FiBEES E OBRERHRTNS (4, 5] . Fig 6. A composite image of

http://www - sci. edu. kagoshima - u. ac. jp/sing/index. him NOAA-16/AVERR R:G:B=1:2:3
' on 2001/7/12 at 13:27IST.

200 - 100
band 4 e i T R ]

o e
band 5

Y ) . R
100 - - 0

Fig 7. The data values of the "

bandl ~5 (left scale) and the [ band1
difference bandl - band? (right T | band 2
scale) along the section AB in o e L .
Fig 6. 200 250 800  950° 400 4500 0D 550




A COWRO—ENIERRDOT Y TTERFEREY T M2 P IR > 5 —0 2000, 2001 4
EXFEFIERRE OO 27 ML THED OGN, Tz, FRERRiREESEMO ACT-JST O @B TEV =,
HEBFEEED (1. 2. 4] OHEHEDFH 4R Asian Dust Network TERMER RSN F 4. HXEEE
VWREEHERE, ) 77— 2R S W ERE R HEREEGREE - TS AT LAEEREEROBURSAITEL
BHBLET.

BETR
[ EWEITEREY N —7. EMOEEERRT. BREAE 2001
2] RTRIE FHiRTE BEghed KRR REFET KEFFEE K085 NOAWAVERR 7—4ick 5
8 - ERP ORI KRG EFHE. CEReS HEFIFIFIE EEEIGRT—F 1T 2 RGHIE : FONROFHE
pp. 46-51. 2000
K Kinoshita, R Iwasaki, M Kovamada, N Iino, T Yano, I Uno, H Amano, H Yoshii, and T Masumizu,

Observation of Asian dusts during 1997-2000 by NOAA/AVHRR, The CEReS International Symposium on Remote
Sensing of the Atmosphere and Validation of Satellite Data, pp. 7-12, 2001

(3] WEHER. ASTER IZ&BKIMSRHHEN D _BHUER AT OHEE, HAEYE— Mo 2728 30 E44M
HESFROUE, pp. 61-62. 2001

[4] MBI AR N — T, WBE I A OB RS — =5 2000 KB T, BREAE
2001.

5] /NMUMRE - KFEE. BEERICAS=EEBEEERNOKLUNZBE. HRKLZSEETRE. b 127,
2001 ; /NUHE - KFHEIE - SREFEF. 2001 FEZF0 NOAM/AVIRR IC A5 =FE8EE, HEUE— M2 0%
255 31 EERRESEBERDUE. 2001, EDRIHR.

M Koyamada, K Kinoshita, N. Iino and C. Kanagaki, Satellite detection of volcanic aerosol at Miyakejima
and Sakurajima, Nagasaki Workshop on Aerosol-Cloud Radiation Interaction and Asian Lidar Network, 2001

(6] Iino N., Kinoshita K, Koyamada M, Saitoh S., Maeno K., and Kanagaki C., Satellite imagery of ash
clouds of Miyake-jima Volcano, Proc. CEReS International Symp. on Remote Sensing of the Atmosphere and
Validation of Satellite Data, Chiba 2001, p. 13-18.

[71 K Kinoshita (ed.), Flow and Dispersion of Volcanic Clouds, Kagoshima Univ., 2001

(8] T Masumizu, R Iwasaki, M Kovamada, K Kinoshita, I.Uno, S.Satake, T.Yano and N. Iino, Asian dust events
in 2001 observed by GMS-5/VISSR and NOAA/AVHRR, Nagasaki Workshop 2001

K 4R, AR FHA. /NLE B AT KIE SEone. S, KRR, SR8 EF MS-5/VISSR

& NOAA/AVERR 12 &% 2001 S50 OftT. B E— Mzl o 7528 3] BRI CE. 2001, ERRI.
(9] Zhou, Lider Observation of Asian dust over Heifei, China in the spring of 2001, Nagasaki Workshop, 2001
[10] Y. Chen, Continuous measurement of dust aerosols with a Dual-Polarization lider in Beijing Nagasaki
Workshop, 2001 .

(111 C.H Lee, Lider measurement of Asian dust over Suwon in spring 2001, Nagasaki Workshop, 2001

[12] T. Murayama, Observation of tropospheric aerosols by Mie and Raman lidar over Tokyo during ACE-Asia
intensive observation period, Nagasaki Workshop, 2001

(13] A Shimizu, N. Sugimoto I. Matsui, K Arao and Y. Chen, Continuous observation of clouds and aerosols
by Mie-scattering lidars at Beijing Nagasaki and Tsukuba, Nagasaki Workshop, 2001

(14 K Arao in AD-Net information, 2001.

(15] http://capita wustl. edu/Databases/UserDomains/SaharaDust2000/

(16] BREFET - 5)INETT - R THE - REFFIEH, EROFOREFD AVHRR BARANZEHR & v KB OBIFR—1997 £ 4
ABXUO 198 FE4 ADHE—. BEUE— M2 0 7% 3] M GRESEEREE. 2001, FIRH

[17] PAE - KTHRIE - SREFET - ZEE— - F)IHET. NOAA/AVHRR 7—# EnkE. BIRERFEKESE
BHCE, Vol49, pp.9-16, 2000.



JE— M2y > THRD
KRB BERAT DI

NEESEA - 8H )



— g
O X E1vd

wgZhf WS WZ
%St @+ ¥ F73 228 /d
d¥E61—MdH SR LT
1Nd B¥E
paiwi "Q 4ala JO platy WK
wo0zg BEWEE
THNO8 X W WOV
p8ar700t AOd—{—"
Y L BERMIEHANLA Y —H—
SUozZ¥ WAy —H— KR
oL — XN eIy —H—1
wuzeg | . T EeEn
OVA:PNLAF LY OZEAT | —H=0)
WHAR 13353 k]

HIOEF

CRIFL OB YL

WEEIOEENMMAOLTORT NEB2
L EFZ S I L HE 2N -

. “CYDTLY A

C M NHKBLEUEERK—LH—1D
> CE TMEBICI S Y 2 —H—1P1EPIT .
Sgpiepi psjewolny 8|qeHod .

Fl<1vd

(x B8 & o =g
— &7 AN EIE R L

~2CTIHE M S TR U T A ~
MO~ 5lE
HEEXYOOWK L Aaa—=(




()RR SE

@

T_\n\o.oﬁ . . E. o e . ;
R . TLLETOER e S
NW. — B 14
@
E] ‘

¥1/5/000C | : FLBSFOPI VY w
§—LTvd | (DBHORE—L OB

-

-
op
)
o
»
]
b4
¢g
mwmm ’
2 11/5/0002
&—LTVd

— 49—



22 0z 81 91 bl 2zl O 8 9 b Z 0 _ e
4444444444 BRI I s oo 001 610%g ooe- i
50 L yo
B s AR L W
b s - et "
K PTI i ST B
L3 s e i it C e s eend 00T
. A » ;. WdS S wn
Gt R isz § Tz e wmowm oz 8 8 vz 0
: [ ey e aee e s o
H £ : ' S0
. ; e ) .
» e sz
wmd . €
5 FEHSTST v
2 )
" vesioone (OWHOE—LOD
. 4 —
Gt TVd 13 :
€2 12 61 91 vt 2 0§ 9 v Z 0O
T T 0 .z 2T e e e e -
50 o0t _ 0
W TN
N % ST W
o o . o
P . o m E&m ReREw v 50002 ﬂE\mn
= - 3 wrew T
¢ — R - 50
w o uL . . _yv/sron: T e _
TG TOER B o et
' 52
> ..
Nm €
o EERSHOPIV
3
2 €2/5/0002 |
§—LIVd (DB HOIE—LOW
ZLS/000;




B HIMERID )
HESESH "AIMYETOEENCS -

]

£4

DLEETIBBOIEX(OLTOS
HEBY "(R2— %) CcOFMEENVL -

(Ew/3 11 YK §NdS

I
(ew/3 )X NS
051 001 05 0
X 0
*
* 000 , R
50 _,
R4 l‘ % Jqo m___
o <X 4
ggsv (VX ANMQ X . ﬂ
cm X V2%
se @ s 5
XX =
v v X X, X g1 2
XX X
XX
iz
B gy
(DY EOFENISI T LE S F

WA WL 1250002

#2/5/000Z

TeZsTwREE

HEE STV

WBHOIE—L OB

ANN..mNu.o_:m_o..wo-Ne

wy

001 08 09 oy 0z
¢ 0
.
. n "E Lm0,
L am W g ¥ fo [ Y 5o .
(¥7e X e v o
lgzg v v v v K x%f )
s m] 40@3 Kx ! mu
(LG e x VNAQQ X =
X & L 2
X gt
Z x
x X
1z
WGZT— LG
O¥HOFYNISTE L ST
fe0e 00z 0T o 00- UL . L L . .
llllllllllll 1 0
/2. R Lo
. s — - ) - \i..!.n\h/(t.!i, N ..n
R - Vo e
WNdS cwn

—51—



ZRETAY—ICKBITT /LD
FHALICES 9 B hF5%

HILRlE



ZRBESAF—ILBITTFOVILOSEEIC
B9 oM%R

HEAM AL IS FLFE
CEM-EE

ITUSAF —kBERITOVILOER
JUVSTUSA A —DRH

WwnN =

BRI EH=

- REEMKFCIRRED BT, 1993F,5
HREI7OVNLDIAT—BAETHOTEY.
FEB (L2, 2. DB, [ R) LEAEEL
DR EDOSAFE —IZLAEBFRBOUR)—/N LD
BERLICHRFEVTES TE-,

- BRE. BEMITS32mm(RERMESHY) £1064nm
(RLBELZL) D2ERS—REL M4 -BAL
532nmIZ&BTTUBEIM - (BREDFLEKER
SF.TEOH)BA[ETH S,

- EHIINYAGL— -D3EK355SnmIZ &K BHE—R
USTURELIMY - BN ITO LD FED YN -
MWRUSTUMRORESHLEFND,



Lidar Redo, S1 [sr]

S—HELICE DO T7aY LERBDIF-LtED

BEREKFHE

Wavelength dependence of lidar ratio and extinction coefficient for various aerosol models.
QOPAC: M.Hess, P. Koepke, and |. Schult, Bull. Amer. Meteorol. Soc. 79,831-844,1898
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SYUFAF—IZLDEBMITAVILOEHRA(20014F)
E,(532nm)=~~100mJ, Mie+Raman(N,,H,0)

Retrieved parameters:

1) Scattering ratio (Backscattering coefficient).

2) Extinction coefficient

3) Lidar ratio (Extinction-to-Backscatter ratio)
4) Water vapor mixing ratio (a.u.)

5) Particle depolarization ratio
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Flastic H20 Raman
532nm 607 3nm
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Asian Dust Network (AD-Net)

4'.‘&-
et 4
This logo mark symbolizes the concept of Asian dust network (AD-Net). Upper left image is taken from a
famous painting of Sandro Botticelli, "Nascita di Venere (The Birth of Venus)". Our efforts can be compared
to remove a veil of Nature. His/Her breath causes a dust storm as indicated by the weather symbols. The
center image is taken from the time-to-hieght profile of the depolarization ratio by lidar at Tsukuba, Japan
(NIES) on January |st, 2001 the first Asian dust event in the 2]th century. It also shows a typical THI
imagery of Asian dust. The upper middle image shows the forecasted 3D dust image with the chemical
weather forecasting system (CFORS) developed by ltsushi Uno. The vector which tumns around the earth
indicates that an effort to expand the network sites, Asian dust traveling the hemisphere. and the satellit

orbit. http://info.nies.go.jp:8094/kosapub/




Attiude fkm]

Raman Lidar observation on March 6 (1808-2159JST)

The largest dust event in FT over Tokyo in this spring.
Atmos. density from Radiosonde obs. at Tateno
Angstrom exponent: 0.3 (Elastic:532nm, N, Raman:607nm)
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In most cases, S,~40, PDR~0.3 for elevated dust layer.

Raman Lidar observation on Mafch» 27 (1808-2159JST)
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Raman Lidar observation on April 11 (1855-2149JST)

Backscattering Coefl, [/km/srf
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April 20 continued

Depolarization ratio at 5320m  Color ratio of Backscatter (1064/532)
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Makoto Kuji (Nara Women's University)

Itaru Okada (Japan Science and Technology Corporation)
Akihiro Uchiyama (Meteorological Research lostitute)
Tamio Takamura {CEReS, Chiba University)

Objectives

e Algorithm Development

- Retrieval of Precipitable Water (PW);

- at Clear Sky Condition in a Continental Scale;

- Split-Window Channels (VISSR and AVHRRY); 2

- By-product: [Effective] Surface Temperature (EST);
* Comparison / Validation °

- Regional Scale (with in situ Observation);

- Continental Scale (with Objective Analysis Data);

GMS-5 image (00UTC, Jan. 13, 1997)

. [VISSR]

"IR1 IR2 WV
VIS

Outline of Retrieval Algorithm

(0) Principle

- Transmittance Ratio: 3 ;

Unit (32 * 32 pixels)

0O a |
(1) Clear Pixels (HCPs)
Ob - Split Window Difference Ratio (SWDR):

Ttbiza - Tbizy
SWDR # ————————

Toblla - ToRLLL

(2) Calibration
- Split Window Variance Ratio (SWVR):

2
s ()

Calibration SWVR and WVP (Simulation for VISSR).

12 ey T T T
----- U. S. Standard 1976

+10 K at surface -3
- -10 K at surface

o
°3 " Estimation with Safllite Data
P . 4
£ ogf : : 3
=
.§ 04 F 3
£
E
z orf E
-3
Vi
i i ; .
% H 4 A [ i0 12
Water Vapor Path (g cm 2

Retrieved Result (00 UTC, Oct. 19, 1997)




Retrieved Result (wWide Area) Validation (00 UTC, Oct. 19, 1997)

At Japanese Sonde Sites (18 pts)

T0E 160°E

70'N ll\'(ﬂc_"
o~ SEPhasel * RMSE=155gcm® E
g 4 EPhase2{ © RMSE =155g cm*® 3
> 3‘ E
20's % o e, ,e E
D 2f ., ]
E L ]
a : -
«— = 1k . E
Pw ® o et

o 1 2 3 5
PW (SONDE; g crn)

Summar;z Calibration (Shionomisaki during 1997)
. . 1.20f T T T
¢ Precipitable Water Retrieval o E
- Algorithm Development & 110F PW =188 * SWVR + 190 E
[
- Split-Window Channels (VISSR); 5
- By-product: [Effective] Surface Temperature (EST) £ 100F B B o eyt e * 3
x 2
- Comparison / Validation 2
- Not Good Results in Both PW and EST (1.5” Scale); % 0.90F E
-. PW: 1.55 g cm® (with Radio Sonde around Japan); @
-. EST: 2 K (with AMeDAS in Shionomisaki, Japan); o805 . : : .
' Precipitable Water (g cm?)
Comparison of Calibration Curves Future Works
(1) Analysis (2) Simulation * Algorithm Refinement is required;
. - Improvement of Cloud Detection Scheme;
: 110 P 130 s 190 . el | - Comparison with Inland Region (China, Mongolia, etc.);
2 i . . .
g I N A TR - Comparison with Difference Method (T, -T .);
H 1 A - Analysis of AVHRR Split-Window Data (Match-up);
z 0.90 5
5 3 - Utility of WV Channels (VISSR);
° Frocptam it g o) ¢ T vvmabmgn « Validation

- Continental Scale (with Objective Analysis Data);
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x XIS B EE#E
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LTRIXAEEAEDESE

I7OVILKSKDEAE (LEHNESX).
Atmospheric Optical Thickness

RFEHNE S OREEKFIE

- Angstréme exponent

I7OVILOHER.
- Size Distribution of Aerosol

I7OYVILOESEREE.
Single Scattering Albado

I7aYVILOEFZREIE
Complex Refractive Index
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REBETECBT 2 KRR TOBBEE &
M LR 0D A B 1 B T B B 5

A study on the correlation between the sea surface wind velocity and the
moving velocity of precipitable water distribution

KBRK%¥ #HAKRBK(SUZUKI Toshio). #7 R # (TAKEMI Tetsuya)
AN SWEETE (BR) #75 MA(OGATA Teruhisa)

Remote-sensing technology is very useful for observation of a vast surface of ocean in
real time, and it has been utilized widely. In this paper, the simple algorithm of
measurement for water vapor content of the lower troposphere over the ocean from the
11 and 12 & m (split window) channel on the VISSR Atmospheric Sounder (VAS) on the
GMS-5. A new method of measurement for ocean wind from optical flow oif precipitable
water distributions are described. The algorithm is applied to time series of VAS split

-window radiances over tropical Pacific Ocean during 17 June 1999 to 26 June 1999. The
algorithm for precipitable water shows good agreement with that of radiosonde
measurement. Ocean wind velocity and direction are analyzed by present method agree

that of radiosonde measurements.

F—U—R; UE—bEZT2T, BLER, TBRKE, BERER
- Key words; Remote sensing, Ocean wind, Precipitable water, Image analysis
1.%8
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FHATORTETEARIE(MRABROEERX. AT Uy b0 ORI
DEFEENSAEEANS, TOBMER., BEEBE T.[K]. —K2&KE T..[K].
— R KEKE PV | THHLTWE 1BOXENHZ &E, HE vV [um]
THENAE L -EEREZ T, [KIET5E. RROBHCEFERXBRILT 5.

‘Tv* =Tsfctjj-Tair(1_rv) » (21)

CCTHBBET . 1, e wmans,

sfe — *air

WE, Mum EX R2um DAY b4 2 RU0BBROLEZESE, R
Q.DEBIT>HEERE TN HEEIN,

Ty =T12 -7,

awr

. (2.2)
Tll Tll —Tair
Lxs.
Fre, BRE T . KRIEPWORKELLTRRATRINS.,
T, = expl_— sec(p XKV +a, PW + B PW? )J

ORBEHEDOREA. a,. B, BRAKERIXOERNZERTHEK.
CRETHEORBZRIREKTH S,

ZEAL. QC.ORNCTRATS L.

(2.3)

K, & CO, ®HKIX
2. TBNT, FE 114m. 124m

Do _ exp[— sec(® \AK + AaPW + ABPW> )]

1
Ak =(’(12 _Ku)
Aa = (alz _all)

Aﬁ =(ﬂ12 _ﬂu)
Q2.0)ZPWIKDWTH L, kRX2HE 5,

(2.4)

S (B2 - 44c)” |
24

where

(2.5)
T, -T

air

*
T11 - Tair

A=Aa,B=AB,C=Ax + !

1
sec(@) .

AHFETHWENT AT —F

a,, =0.0684, a,, =0.1579, Aa =0.0895
B, =0.01582, B,, =0.01673, AB =0.00091
x,, =0.00589, Kk, =0.0370, Ak =0.03111
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Fig.1

Fig. l O &S RBSNEKRIESHAEKIIONVT, 5B (x, 5, )0, 28
DEERIORDONEARIEBOMEE f(x,y,1) ET 5. WE, Bt 5+
At ODBIIZAZRERRICHESIH (Ax, APVEUBEBLEEEBHITNROKERR
BOERRRGHOL > CH DI B,

f(x+Ax,y+Ay,t+At)—f(x,y,t)
(3.1)
= Ag(x.y )

I, Ag REENAKRSBEOEMBHERE)THIKRIORRR(DL
SHBAR)ERT. ST, KRKEOENELSHATHB LT B L. f(x,y,1) W@
Taylor BB EREE 2D, R(222)DLICH5bTNS.

fx+Ax,y + Ay, t + Ar)
=f(x,y,t)+iAx+-q]iAy+iAt+0(62) G-2)
ox dy ot

Fim. (Ax, AR AtOBIKBI 2 KELBROBHRERTH SO T, BHE u(y,v)
EFROWTROLSCRETES, -

Ax =u(x,y)At + 0(8%)

(3.3)
Ay =v(x,y)At + O(6?)

22T .REINERGCDCRALTAt~0 DBBICBTZKERIROELE
Zx15&. RAXzk5.

—6L+u—(i+vi= Hm____Ag(x,y,t)

a  ax dy a=0 A
EHABOV THEE uA—ETH5ET5E, RGO ETOFEBRNONVED
LIATROMD., 2OLI AN AU LEETFNE, /N L REZHAVWTHE

ERZ M) ERDDZENTES,

(3.4)
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ufx(x’y)+vfy(x’y)+ft(x’y)=O (3.5)

MR L TWwARThiERsR2Wn, TRTRC.DZENIETRAK u,v 2
RZ&EWR, THO NEOF—FIZTOWTE/MN 2 FHEIZLIOERNEEZRD S Z
CWWRETES, TITRB.HHOEDEZTHNTL2EEOPLE/NMET S &,

J;m@gﬂﬁ+ﬁkﬁ@=mm (3. 6)
RB.6)Z u,vICELTHALTOoLEBELS ELEHRAER

{qux +vS_ +S,=0

3.7
uS, +v§, +S5,=0 3.7

NEENE., YT v I AMEDSEENTN

d
Sij =ﬂ;_f,~(x,y)fj(x,y)dxdy (3. 8>
i,J=x,y or t derivative
THEZINOIWMHPOBOBEHEEERT., Ch50EERG. DICTRAL THERL
EHEEANY R V() EROESICRE B,
U= Sythy _SxtSyy
2
SxxSyy —Sxy
Sxthy _Sythx
v= 2
SxxSyy _Sxy

(3.9)
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Daily mean light intensity in Kawarai, MJ
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monthly maximum temperature, C
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Definition of Technical Parameters

Vegetation index (V1)
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Definition of Technical Parameters
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OFHEEBEAT S LEEYTHE LEX B, |

R, Z020BEOER, BEMERLESBIEROEB YT U A (Table-1) ZMBRL., &
ERETHMEABEHLL, JICHRBYTIFLERCLVBIHEEEZRFLEER, Y140
+ 1202 EDFRBE 1 %HEMERAD LI LE, BREELT, BTV FR— 325+
3ETOEELHOT, THEIZHM, ROLRZI%ULAOHBELZDIZ RS, T5LT
ROLNEFRFRHEL, SOLBRAEFRLIIMNEZEL CHETELONT, £EREOE
R ERM L EBRL, BROLAERTREME SR,

T, HALEF -5, FEREFIUFOBY TH 5B,
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LAVbOLRELL, BRENAERHOLERO TR, Fig S CREATVE,
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 ABHEEREOTFTHIRHE 20V FUARERENTZ, 121, PHORBHEDRISERER
DEREFMP>THBLTWS EWIHITTIFTHY, EEBKIRDHEREOND, AHERE
(FEE2BULEFABEDEELZEETE) 0ob T 28MEKET S (China-Japan Scenario) .
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- Table-1
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[EE BRETEF RERL FEIN BETE =iz
Anhui 1 2 = 1 ]
Beijing 3 3 -
Fujian - - 1 3
Gansu 2 - 1
Guangdong — 3
Guangxi 3 -
Guizhou 3
Hainan 1 2 2
Hebei 1 t 1
Heilongjiang 3 2
Henan 1 3 3
Hubei 2 2r
Hunan -1 -
Jiangsu - ’ - 4 1
Jiangxi
Jilin 3 {- i - 2
Liaoning 1 1 t -2
Nei Mongol 2 2
Ningxia z 1 2
Qinghai 1 1 2
i 21 -1
1 2
2 —
1 - F—
1 1 -
-1 24
1 - - 2
2 .
1 a 1 1 1
2 [ 1
24 11 5 [ 10 E]
75 12 ] 15 13 70
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# -18668 9. 10808
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¥ 3 £0088 - 120008 = g 5. 40068 - 96000
- AR . 1606 I 20000 - 160008
f (I 19000 - 310008 % N $69990 - $90086
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B AMITHIT D ADEOSTT —AMSR & Huir & L7z
2 35K 5y 80 O TR ERRRE SRR

PRI —RR (RBRFREPFE) - BEIEE (FIEKRZ CEReS)

1. Uiz ,
2002 % @ FK 12 AMSR (Advanced Microwave Scanning Radiometer) % # & L 7=
ADEOSII 7%, 2002 4 D F T 1L AMSR—E (AMSR for EO0S) ¥ & AQUA (EOS-PM1) 23 4T 5
FFONBZFEICR2TWE, WTFROE Uy —bEBEOEETHY ., HEY T
— by I OREMBE TREKSBR~OHFRERE, TOLEDITIET IV
SY RN ERESRATRTHY ., 2OHERGORIERIC SV TR E
BT 5, . .

“AMSR/AMSR-E 0>ﬁwﬁ§f]ﬁ£¥& (6 9GHz" ﬁ>6 '89GHz . ﬁETTGDS r]ﬁﬁéi) *?7°Fﬁ ﬂ@ﬁg
(#) 5km 25 60km) BLIUHBERES*EZE 2 5L, AAENTRIEMEZH L Z L1
BEMTERZY, 2R ELHT A7 — AU EORBRESLETHY ., TEh
FEHER M CLTHMAMAOEMR L ZADPEETHS, HERIEOHRRKOEE
BEETHY., TERARTEVWKSEHHBEORIET —FORBIEETHD Z
CIESETHARY, BHEITBASBEOT VT Y X ABRFE I/ HLIZ A (2000)"
MIcL > TRhRENTEY, tEBASBEOEDIZHED KL EERT DI LEDEE
R X OHES KD MEwﬁﬁw%wﬁkﬁﬁiﬁm%mm@ﬁénTw ’
KFEITZ DX 53 h 5 AMSR/AMSR-E O 88K 53 wETW:JXA@@&
DEHIZ, RBRHMEPELTLEGRICEREL., AR HERMYM LRI (AMPEX—
AMSR/AMSR-E:ADEOS II Mongolian Plataeu EXperiment for Ground Truth) @ 7=
DOWEMRE L TCFICH EBRFEOEIZENE L, T2 DERMMHBAE
RF RO ERIEERZITI>I BN L L,

2. FHik

A B

HEMITE L SAEOEHEDO YT A= MAENLEA~K 300kn O & ZAILH
A &) 2 PR (45°44°29.3° N, 106°15°52. 7" 'E) ¢ F I b O F a A LT
(46°21.133°N, 108°22.509 E)DRicdH Y (K—1), TIWXKZIDERRDL IEH
OH FRIEFENBESE LR T, Vb ILFEROPIZHRRMEZRIT. €
O Hi I O B &L 200mm 2> 5 300mm TH Y | ﬂﬂ?ﬁ@ ZIFIEEHTELNLTWD
KBS M PN D 7 BT X KK A9 1400m B THY L iiﬁttjcﬂﬁr)xﬁuxfwé Ezliéﬁfoc
+HEEALTTHY., AT v XEEORICL AL IAEELEAL LV ML
EMABEL, BHbLEADNS, RBHO LT, XKFRE, ILFE K, BE
DEEHEZ->TEY, B—DORAREBTH D,
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RBEHORRKEPBEBELR (MC) IXEV 160kn, FEdL 120km OB THH . Z D
FIZSHIIM EZRAELT 2 2O&EFEHAES (MB:120km x 120km, MA:60km x
60km) ZFZA TS, I—20RBRHAND T Y v FRIZBIBRTH D . T O3 ST H
ERIAEOT-DDAERTH D, VA IEL2BHERPEFTHABSE CTH . BIEAIZL
10km 7’V v ROKXETH 5B,

TORBRMOPIZ, RBRHOEHOAIKEEDORECRIEAT — 4074V A
FAI—F v /7 BLIVRBEBED-DIL, BEANREE - AXBERZRHED-DDOE
ME=FV 7% (BR) 2FRITT,

2) HIEHEE tETHEBER

FEeWERMPETBAIL AMSR & AMSR-E OB KL b¥ TR BT OB L~
THERIEERZTILOT, EANICEBH LN SEA—REH A TREIC L
BWAKSE (0-5cm & 0-8cmEE)., HIE (0-3cmiBE), HREHKFNEBEEDO L % A E
TE2LDTHD, 2000 FOFHER TIE. LKL B EIZ TDR LA 4 5 (IMKO,
TRIME—FM), #BREIC YV —I X ¥ —BEF (F27 /&7, D505), HEXEIREE
BIEWCHHBES (74042, 505) AW, TEASIEIEFMERLTH 20cm B
LTCT24/FC. 27— (ay F&Z :3mm, 2 v KB : 3cm) T 0-5cm & 0-8cm
DIRETE 2B 328 F L7,

YD EIHEEOMEKIZE LY, ZTOHI#E 2-3 AUNKHEMERL CTEEE
WWEVRDDZLOTHY, SEIEIEIRICEDEORIELXZITWVWENL, 2 K7 —
% (50em EHF 2 FT— b x 2) & 3 FHAL (120 EERBE) O 26m 74 VIEIZLD
HEHE (PC) ORIELHEYOERRE (BE., BEXM) #2FEL L, 50cn FH=
K —he& 26m 54 ORIER., BIEEOIV2REIL, REEOFEVWELEZ A%
BATEBLE, £72. WS O»DRIEHBAICBWTEERE LHEIC L 24
FEHAELRE L,

NE=HF YT

EREAEHE=FY V7L LT ERXRREFRE L & L AWS (Automatic
Weather Station: HEIRAKRBRAT — ¥ = V) EEEAXBEEBEAUNRAT - a v
ASSH (Automatic Station of Soil Hydrology) #ZHAWTW3, BEHE. AL 4
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ABSTRACT

Observations of aerosol optical thickness and spectral water-leaving radiance are carried out onboard R/V MIRAI in the western
equatorial Pacific Ocean during the international observation project of Nauru99 (MR99-KO03 cruise). In situ data are
synchronized with SeaWiFS overpasses and the SeaWiFS-derived aerosol optical thickness and normalized water-leaving
radiance products are validated against the in situ data. Furthermore the variability of aerosol optical thickness and normalized
water-leaving radiance are investigated in space and time. Based on the SeaWiFS-derived products it was found out that the
magnitude and patter of aerosol optical thickness at 443 and 555nm bands are almost the same in terms of space and time and
the distribution of low radiance values at 443nm roughly correspond to the high chlorophy! distribution area between 2 degrees
north and 3 degrees south around the equator.

INTRODUCTION
In the visible band it is well known that the satellite signal from the ocean is highly influenced by the aeroso! and there are

numerous algorithms proposed for correcting aerosol effects on satellite ocean color remote sensing (Gordon and Morel, 1983,
Gordon et al, 1997). As far as the influence of aerosol on ocean color in the equatorial Pacific Ocean is concerned, an evaluation
using 6S code has been carried out (Kozai et al, 2000). 6S is a code enabling simulations of the atmospheric correction of visible
satellite data and the improved version of 5S developed by the Laboratoire d’Optique Atmospherique in 1987 (Vermote et al,
1997). However, it is still not enough to say that in situ ocean color and matched aerosol optical thickness data conceming spatial
and temporal variability are accumulated in the equatorial Pacific Ocean, where the most intensive air-sea interactions are taken
place in the global ocean. The purpose of the study is to not only validate SeaWiFS-derived products against in situ data in terms
of ocean color and aerosol but also clarify the spatial and temporal variability of these products.

SHIPBOARD AND SATELLITE DATA

Radiation observations onboard R/V MIRAI of Japan Marine Science and Technology Center (JAMSTEC) synchronized
with SeaWiFS overpasses are carried out to characterize aerosol optical properties and their impacts on SeaWiFS-derived ocean
color in the western equatorial Pacific Ocean during the intemational field experiment.of Nauru99 from June 17 to July 17, 1999
(Yoneyama, 1999). SeaWiFS is an abbreviation of Sea-viewing Wide Field-of-view Sensor onboard the SeaStar launched in
1998. The sensor has eight bands in the visible and near infrared wavelength and the tilt mechanism to avoid sun glitter(Hooker et
al, 1992) as shown in Table 1. In this study seven SeaWiFS LAC (Local Area Coverage) scenes received by the station onboard
R/V MIRAI from June 22 to July 1 are used for the analysis because of few cloud coverage and the presence of synchronized
shipboard radiation measurements. Fig.1 shows the study-area and the locations of R/V MIRAI and Nauru Island. Water-leaving
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radiance is observed by a spectroradiometer MSR7000 and solar irradiance is measured by 2 multi-channel polarimeter FPR5000.
Calibration of MSR7000 was carried out using the standard lamp in Arizona, USA in 1998 and in Tsukuba, Japan in 2001. As far
as FPR5000 is concemed, calibration constants were determined by the modified Langley plot at Mauna Loa Observatory in
December 1999 (Masuda and Sasaki, 1997). Specifications of these radiometers are shown in Table 2. Raw data derived from
FPR5000 is converted to aerosol optical thickness using the algorithm developed by Masuda et al (1999).

Table 1. Specification of SeaWiFS
Band No. wavelength(nm) ' SO'N

[ R E

1 402422 s

40'N i (
2 433453 Y

30°N B
3 480-500 -

20°N -
4 500-520 1°'N'ZB
5 545-565 Rl L
6 660-680 ‘ TN N

10'S RTINS
! 745785 20'182015 '140‘5 u'm':-:\I 1&0’
8 845-885

Equator Crossing  Local Noon(=+20min), descending

Orbit type Sun Synchronous at 705km
Spatial resolution  1.13km(LAC), 4.5km(GAC) I |
Swath width 2801km(LAC), 1502km(GAC) | N
Scan Plane Tilt +20° ,0° ,-20° | 1
MIR?I %, 0
"""" A Nauru
1
Table 2. Specifications of MSR7000 and FPR5000. .
= , .
MSR7000 | K Brown ; ®
Wavelength 400-1000nm 163 164 165 166 167E
Wavelength resolution 1nm
Field of view 2 deg.
Detector Silicon photo diode, photo multiplier

Fig.1. Study area and the locations of R/V MIRAI and Nauru
Island. (R/V R.Brown of NOAA is also joined with Nauru99

field experiment.)

FPR5000
Channel Wavelength (band width)

0 dark

1 443nm (20nm)

2 490nm (20nm)

-3 565nm (20nm)

4 670nm (20nm)

5 765nm (40nm)

6 865nm (40nm)
Detector: Silicon photo diode

Polarizer: Glan Thompson prism
Field of view: 2 deg,
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VALIDATION OF SeaWiFS DATA
Figure 2 shows the comparison of spectral radiance between MSR7000 and SeaW|FS-denved normalized water-leaving

radiance at (0, 165E) in Jun. 29 and (0.18S, 166.85E) in Jul.1. It is seen that the in situ radiance is higher than the SeaWiFS-
derived radiance especially at the shorter wavelength bands, which may be attributable to the fact that in situ radiance includes the
effect of sea surface reflectance. Normalized water-leaving radiance is defined as the one comrected for the influence of
atmosphere and the solar zenith angle shown in the equation (1) (Gordon, 1997, Watson et al, 1993). RMS error is 0.27
(microW/cm’.nm.str). Figure 3 shows the comparison of spectral aerosol optical thickness between FPR5000 and SeaWiFS.
Spectral aerosol optical thickness from SeaWiFS agrees well with those from FPR5000. RMS error is 0.015. All SeaWiFS
products are processed by using SeaDAS software provided by NASA GSFC under the default parameters of multiple scattering
of aerosol (ratio of band 7 to 8 with maximum of 10 iterations) and correction of oxygen absorption band.

(1-p,)1- py)F,(A)R M
n*Q(1-rR)

where 0, is the Fresnel reflectance of the sea surface for normal incidence, 0 y is a normalized mean value of surface reflectance

Lwn(A) =

for direct and diffuse irradiance for a flat sea, F, is the extraterrestrial irradiance corrected for Earth-sun distance, R is the
irradiance reflectance just bélow the sea surface, n is the index of refraction, Q is the irradiance-to-radiance ratio (equals 7 for

totally diffuse radiance), and r is the water-air reflectance for totally diffuse irradiance.

0.1-

1.5

g : B 443 ] B 443
@ ; o 400 | _  008] ¢ 490
=, 1 1] 4
3E 05 4 o 60| 88 ] > 0 765
28 ] ax 004 O 865
&= ] Py O 765 o9 ]
g8 ] FE
Z€ 01 = g g 0.02
N0 - R= ]
o ]
E2 05t s 0 Ko
28 s 0 0.5 1 1.5 0 002 004 006 008 0.1

Normalized water-leaving radiance from A‘ | optical thick

in situ observation (microW/cm2.nm.str) erqu qp tical thic ngss

from in situ observation

Fig.2. Comparison of spectral radiance between MSR7000 Fig.3. Comparison of spectral aerosol optical thickness
and SeaWiFS (Jun.29 and Jul.1). : between FPR5000 and SeaWiFS (Jun.29 and Jul.1).

VARIABILITY OF SPECI‘RAL RADIANCE AND AEROSOL OPTICAL THICKNESS IN SPACE AND TIME
Fig. 4 and 5 show the spatial and temporal variability of spectral radiance, aerosol optical thickness at 443 and 555nm and

chlorophyl-a respectively. Chlorophyl-a product is based on the oc4 algorithm in SeaDAS. These images are created by extracting
the profile along the 165 degrees east longitudinal lines between 5 degrees north and 5 degrees south from the time-series of
SeaWiFS-derived spectral radiance, aerosol optical thickness and chlorophyl-a products between June 22 and July 1, 1999. Spatial
and temporal linear interpolation are carried out to fill the missing values. Based on these spatial and temporal variability products

it was found out that the magnitude and spatial-temporal pattern of aerosol optical thickness is almost the same regardless of
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wavelength and the higher chlorophyl distribution area between 2 degrees north and 3 degrees south roughly corresponds to low
radiance values of 443nm which is the chlorophy! absorption band. As far as the relationship between the normalized water-
Jeaving radiance and the spectral aerosol optical thickness is concemed, weak positive correlations can be seen between these two
parameters shown in Fig.6. Portion of water-leaving radiance at 555nm on Julian day 173 indicates the high values (between 0.2
and 025 mW/cm?.um.sr) which shows no correlation with aerosol optical thickness. According to Fig4 these high radiance

values at 555nm are locaied around 2 degrees south and extends spatially and temporally. The causes of high radiance values need

to be investigated.

SUMMARY
The radiation measurements onboard R/V MIRAI in coordination with SeaWiFS overpasses are carried out to investigate the

aerosol effects on the satellite-derived ocean color in the westemn equatorial Pacific Ocean. Based on the analysis above, we

summarize as follows.

1. The comparison of spectral radiance between MSR7000 and SeaWiFS-derived normalized water-leaving radiance shows
that the in situ radiance is higher than the SeaWiFS-derived radiance especially at the shorter wavelength bands, which may
be attributable to the fact that in situ upwelling radiance includes the effect of sea surface reflectance.

2. Spectral aerosol optical thickness from SeaWiFS agrees well with those from FPR5000.

3. The magnitude and spatial-temporal pattern of aerosél optical thickness is almost the same regardless of wavelength.

4. The high chlorophyl distribution area between 2 degrees north and 3 degrees south f'oughly corresponds to low radiance

values of 443nm which is the chlorophy! absorption band.
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Fig.4 Spatial and temporal variability of spectral radiance (upper ﬁgures) and aerosol
optical thickness (lower figures) at 443 and 555nm. :
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Fig.5 Spatial and tempdral vériability of chlorophyl-a.
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Fig.6 Normalized water-
leaving radiance versus aerosol
optical thickness at 443nm
(upper - . figure) and 555nm
(lower figure) for Julian day

173 and 179.
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